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EDITOB'S  PEEFACE. 


In  the  preparation  of  the  present  Edition,  the  Editor  has  endeavoured 
to  introduce  the  principal  results  of  the  various  observations  that  have 
been  published  in  the  domain  of  Physiology  during  the  last  three  or 
four  years.  In  accomplishing  this  duty,  he  has  freely  availed  himself 
of  the  excellent  summaries  of  English  and  foreign  physiological  works, 
which  have  appeared  in  Messrs.  Humphry  and  Turner's  "  Journal  of 
Anatomy  and  Physiology,"  whilst  he  has  to  thank  Mr.  Gulliver, 
Mr.  Lockhart  Clarke,  Mr.  Sorby,  and  Dr.  Broadbent  for  their  kind 
assistance  in  several  parts  of  the  work. 

The  general  plan  of  the  previous  Editions  has  been  preserved  with 
the  exception  of  the  introduction  of  Two  Chapters  on  the  Minute 
Anatomy  of  the  Connective  Tissues,  and  on  the  Chemical  Composition 
of  the  Body,  which  have  been  added  with  the  view  of  making  the 
work  more  complete,  and  of  supplying  a  description  of  some  of  those 
subjects  which  are  elsewhere  referred  to,  but  are  not  described. 

The  first  Two,  and  last  Three  Chapters  appear  unchanged,  and  but 
tew  additions  have  been  made  to  the  Chapters  on  Generation  and 
Development.  The  structure  of  the  Egg  of  the  Fowl,  and  the 
earlier  stages  of  its  development  as  given  by  M.  His  in  his  recent 
monograph,  have,  however,  been  briefly  inserted. 

In  the  Chapter  "  On  Food  and  the  Digestive  Process,"  the  observa- 
tions of  Pfluger  and  of  Heidenhain  on  the  structure  and  functions 
of  the  Salivary  Glands  ;  as  well  as  those  of  M.  Ktihne  on  the  cha- 
racters of  Peptone  have  been  added. 

A  Section  on  the  Spectrum  Analysis  of  the  Blood  has  been  intro- 
duced, and  Mr.  Sorby  was  kind  enough  to  furnish  the  Editor  with  the 
original  illustrations  by  which  it  is  accompanied.    In  the  fly  leaf  at 
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the  end  of  the  volume  will  be  found  his  complete  notation  of  the 
several  bands. 

In  the  Chapter  on  the  Circulation,  the  important  observations  of 
MM.  Cyon,  Ludwig,  and  Thiry,  on  the  Innervation  of  the  Heart,  are 
given,  and  in  a  note  will  be  found  references  to  some  of  the  principal 
researches  that  have  recently  been  undertaken  on  the  action  of  various 
Poisons  on  that  organ, — a  line  of  investigation,  which,  as  now  being 
worked  out  by  Drs.  Fagge  and  Stevenson,  promises  to  lead  to  important 
results,  not  only  in  medico-legal  investigations,  but  in  the  right  ad- 
ministration of  medical  agents.  Reference  is  also  made  to  the  obser- 
vations of  Dr.  Sanderson,  on  the  effects  of  Respiration  on  the  Pulse. 

The  Chapter  on  Respiration  is  augmented  by  an  account  of  the 
observations  of  Pettenkofer,  on  Ventilation  ^  by  those  of  Marey,  on 
the  Movements  of  Respiration;  and  by  those  of  Traube,  Czermak, 
and  others,  on  the  causes  of  those  movements. 

The  much  debated  questions  of  the  origin  of  the  Biliary  Ducts,  and 
of  the  seat  of  production  of  the  chief  constituents  of  the  Biliary  and 
Urinary  fluids,  have  received  consideration  in  the  Chapter  on  Secre- 
tion, and  the  effects  of  exercise  on  the  elimination  of  Urea,  as  shown 
by  the  observations  of  MM.  Fick  and  Wislicenus,  of  Prof.  Haughton, 
ami  Dr.  Parkes,  have  been  fully  discussed. 

The  experiments  of  Dr.  W.  Ogle,  Dr.  Jlirgensen,  and  of  V. 
Ranke,  on  the  subject  of  Animal  Heat,  have  been  noticed  under 
that  head.  In  the  Chapter  on  the  Nervous  System,  some  additions 
will  be  found  to  have  been  made  to  the  previous  account  of  the 
structure  of  the  Nervous  Centres,  especially  in  reference  to  the 
microscopic  characters  of  Ganglionic  Cells,  as  given  by  Dr.  Beale, 
Arnold,  and  others,  and  the  appearances  presented  on  section  of  the 
Medulla  Oblongata  and  Brain  described  by  Mr.  Lockhart  Clarke,  which 
last  has  been  principally  drawn  from  the  Section  written  by  Mr. 
Clarke  in  Dr.  Maudslay's  work  "  On  the  Mind."  Reference  has  also 
been  made  to  the  bearings  of  Physiology  on  the  pathology  of  lesions 
of  the  Brain,  in  proximity  to  the  Sensory  Ganglia,  and  to  the  pro- 
duction of  Unilateral,  Bilateral,  and  Crossed  Paralysis. 

After  this  Section  was  sent  to  press,  the  important  investigations  of 
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Drs.  Cruin  Brown  and  Fraser,  and  of  Dr.  Broadbent,  the  object  of 
which  is  to  establish  the  relation  that  exists  between  chemical  consti- 
tution and  physiological  action,  were  published.  The  observations  of 
Drs.  Criun  Brown  and  Fraser  have  shown  that  by  the  introduction  of 
methyl-iodide,  itself  a  comparatively  inert  substance,  into  the  molecule 
of  strychnia,  brucia,  morphia,  nicotine,  &c,  the  type  of  each  of  these 
substances,  or  as  they  consider  its  degree  of  condensation,  is  modified, 
and  coincidently  its  poisonous  properties  are  greatly  diminished,  whilst 
the  action  is  transferred  from  the  centric  to  the  peripheric  portions  of 
the  nervous  system.  Dr.  Broadbent  refers  the  influence  of  these  and 
other  organic  poisons  affecting  the  nervous  system  to  a  property 
he  has  termed  chemical  tension,  which  may  be  exemplified  on  the  one 
hand  by  the  nitrile  series  of  compounds  to  which  the  abovementioned 
substances  belong,  and  on  the  other  by  nitro -glycerine  ;  the  tension 
being  induced  in  the  former  series  by  departure  from  the  ammonium 
type,  in  the  latter  by  substitution  of  successive  molecules  of  N02 
for  H. 

The  Section  on  Muscular  tissue  has  been  considerably  extended, 
and  the  observations  of  Marey  on  the  mechanism  of  muscular  con- 
traction, and  of  Haughton,  Donders,  and  others,  on  the  absolute  amount 
of  force  exerted  by  Muscular  tissue,  have  been  fully  described. 

In  conclusion,  the  Editor  cannot  but  state  he  has  strongly  felt  the 
loss  of  the  kind  supervision  he  obtained  from  Dr.  Carpenter  in  the 
preparation  of  the  last  Edition.  The  insertion  of  many  hundreds  of 
new  facts  into  so  large  a  volume  is  of  the  nature  of  mosaic-work  ;  and 
it  is  difficult  to  avoid  repetition  or  the  occasional  introduction  of  state- 
ments which  are  at  variance  with  previoxisly  expressed  views  in  other 
sections.  The  Editor  trusts,  however,  that  these  will  be  found  neither 
numerous  nor  important.  It  would  have  been  easy  to  have  doubled 
the  size  of  the  volume  ;  and  the  chief  difficulty  which  has  been 
experienced  has  been  the  compression  of  recent  information  into  a  small 
space,  without  expunging  the  results  obtained  by  previous  inquirers. 

Seymour  Street,  London, 
February  17th,  1869. 
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PLATE  I. 

KG. 

1.  Spermatozoa  of  Man  ;  A,  viewed  on  the  surface  ;  b,  viewed  edgeways  (§  738). 

2.  Vesicles  of  evolution  from  the  seminal  fluid  of  the  Dog  ;  a,  b,  o,  single  vesicles 

of  different  sizes  ;  d,  single  vesicle  within  its  parent-cell  ;  e,  parent-cell 
enclosing  seven  vesicles  of  evolution  (§  739). 

3.  Development  of  Spermatozoa  within  the  vesicles  of  evolution  :  A,  b,  vesicles  con- 

taining spermatozoa  in  process  of  formation ;  o,  i>,  spermatozoa  escaping 
from  the  vesicles  (§  739). 

[The  three  preceding  figures  are  after  Wagner  and  Leuckardt  ("Cyclop,  of 
Anatomy  and  Physiology,'1  Art.  '  Semen').] 

4.  Thin  slice  of  the  ovarium  of  a  Sow  three  weeks  old,  showing  the  Graafian 

vesicles  or  ovisacs  imbedded  in  a  fibro-cellular  stroma.  The  ovisacs  are 
filled  with  cells,  in  the  midst  of  which  one  large  one  may  be  especially 
distinguished ;  this,  which  is  the  germinal  vesicle,  is  surrounded  by  minute 
granules,  which  constitute  the  first  indication  of  the  yolk  (§  746). 

5.  Ovum  of  a  Rabbit,  showing  the  vitelline  mass  almost  entirely  converted  into 

distinct  cells,  of  which  those  at  the  surface  are  pressed  against  each  other 
and  against  the  zona  pellucida,  so  as  to  assume  a  hexagonal  form.  The 
dark  portion  consists  of  a  mass  of  vitelline  spheres,  which  has  not  under- 
gone this  conversion  (§  784). 

b*.  Ovum  of  the  Rabbit,  seven  days  after  impregnation,  viewed  on  a  black  ground. 
The  outer  membrane  is  the  chorion,  on  which  are  seen  incipient  villosities. 
Within  this  is  the  blastodermic  vesicle,  at  the  summit  of  which  is  the  pro- 
jection formed  by  the  area  germinativa  ;  and  from  this,  the  mucous  layer 
of  the  germinal  membrane,  is  seen  to  extend  over  about  one-third  of  the 
surface  of  the  contained  yolk  (§  784). 

7.  Portion  of  the  germinal  membrane,  taken  from  the  area  germinativa,  to  show 

the  two  layers  of  which  it  is  composed  ;  the  serous,  or  animal  layer,  is 
turned  back,  bo  as  to  show  the  mucous  or  vegetative  layer  in  situ.  In  the 
latter  is  seen  the  primitive  trace  (§  784). 

8.  Portion  of  the  serous  layer  of  the  germinal  membrane,  highly  magnified  ;  showing 

that  it  is  made-up  of  nucleated  cells,  united  by  intercellular  substance,  and 
filled  with  minute  molecules  (§  784). 
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9.  Portion  of  the  mucous  layer  of  the  germinal  membrane,  highly  magnified  ;  showing 

that  it  is  made-up  of  cells,  whose  borders  are  more  distinct  and  more  closely 
applied  to  each  other  than  those  of  the  serous  layer,  and  whose  contents  are 
more  transparent  (§  784). 

[The  six  preceding  figures  are  after  Bischoff  ("Entwickelungsgeschichte  der 
Saugethiere,"  &c.  (1842),—"  des  Kaninchen-eies"  (1842),—"  des  Hunde- 
eies"  (1845).] 

10.  Gravid  Uterus  of  a  Woman  who  had  committed  suicide  in  the  seventh  week  of 

pregnancy,  laid  open  : — a,  os  uteri  internum  ;  b,  cavity  of  the  cervix ; 
c,  c,  c,  c,  the  four  flaps  of  the  body  of  tbe  uterus  turned  back  ;  d,  d,  d, 
inner  surface  of  uterine  decidua  ;  e,  e,  decidua  reflexa  ;  /,  /,  external  villous 
surface  of  "the  chorion;  g,  internal  surface  of  the  chorion  ;  h,  amnion; 
i,  umbilical  vesicle  ;  k,  umbilical  cord  ;  I,  embryo ;  m,  space  between 
chorion  and  amnion  (§§  759-764,  and  785-787).  [After  Wagner  ("  Icones 
Pkysiologicae").] 
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11.  Uterine  Ovum  of  Rabbit,  showing  the  Area  Pellucida,  with  the  primitive  trace 

(§§  781,  785). 

12.  More  advanced  Ovum,  showing  the  incipient  formation  of  the  Vertebral  column, 

and  the  dilatation  of  the  primitive  groove  at  its  anterior  extremity  (§§  785, 
801,  808,  809). 

13.  More  advanced  Embryo,  seen  on  its  ventral  side,  and  showing  the  first  develop- 

ment of  the  Circulating  apparatus.  Around  the  Vascular  Area  is  shown 
the  terminal  sinus,  a,  a,  a.  The  blood  returns  from  this  by  two  superior 
branches,  b,  b,  and  two  inferior,  c,  c,  of  the  omphalo-mesenteric  veins,  to 
the  heart,  d ;  which  is,  at  this  period,  a  tube  curved  on  itself,  and  pre- 
senting the  first  indication  of  a  division  into  cavities.  The  two  aortic 
trunks  appear,  in  the  abdominal  region,  as  the  inferior  vertebral  arteries, 
e,  e  ;  from  which  are  given-off  the  omphalo-mesenteric  arteries,  /,  /,  which 
form  a  network  that  distributes  the  blood  over  the  vascular  area.  In  the 
cephalic  region  are  seen  the  anterior  cerebral  vesicles,  with  the  two  ocular 
vesicles,  g  (§§  787-790). 

[The  three  preceding  figures  are  from  the  works  of  Bischoff  previously  cited.] 
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(To  face  page  28.) 

Comparative  View  of  the  Skeleton  of  Man,  and  of  that  of  the  Orang  Outan. 
[After  Owen  ("  Zoological  Transactions,"  vol.  i.).] 
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CHAPTER  I. 

OF  LIFE,  AND  ITS  CONDITIONS. 

1.  The  term  Life  has  been  used  by  different  writers,  Physiological 
and  Ontological,  in  a  great  variety  of  significations ;  but  these  are  for  the 
most  part  capable  of  reduction  to  three  categories, — Life  being  regarded 
either  (1)  as  the  aggregate  of  the  phenomena  exhibited  by  any  Organized 
being  from  the  commencement  to  the  conclusion  of  its  individual  existence, 
or  (2)  as  the  mode  of  activity  peculiar  to  such  beings,  whereby  they  are 
distinguished  from  inanimate  bodies,  or  (3)  as  the  special  agency  sup- 
posed to  be  inherent  in  every  organism,  and  to  be  the  efficient  cause  alike 
of  its  first  development  and  of  its  subsequent  maintenance.    The  first  is 
the  sense  in  which  the  term  is  understood  by  Philosophers  of  the  '  positive' 
school,  who  refuse  to  concern  themselves  with  anything  save  phenomena 
that  are  immediately  cognizable  by  the  senses :  while  the  last  is  the  mean- 
ing attached  to  it  by  such  as  think  that  a  great  deal  of  trouble  is  saved 
by  the  assumption  of  a  hypothetical  entity,  whose  agency  may  at  once 
account  for  everything  not  to  be  otherwise  explained.    To  both  these 
definitions  it  may  be  objected  that  they  tend  to  limit  inquiry  into  the 
essential  nature  of  Vital  Action.    For  by  taking  the  former  as  our  start- 
ing-point, we  are  led  to  fix  our  attention  too  exclusively  on  the  material 
conditions  presented  in  the  structure  of  the  Organism,  and  to  ignore  the 
forces  by  which  its  activity  is  maintained :  just  as  if,  in  studying  the 
operations  of  a  Cotton-factory,  we  were  to  limit  our  attention  to  the  me- 
chanism of  the  carding,  spinning,  weaving  and  other  machines  by  whose 
instrumentality  its  products  are  elaborated,  and  were  to  neglect,  as  a  con- 
dition not  directly  cognizable  by  our  senses,  the  Motive  Power  without 
which  these  machines  would  all  be  inert.    On  the  other  hand,  by  resting 
in  the  assumption  of  a  "  Vital  Principle"  or  "  Organic  Agent"  as 
affording  a  sufficient  account  of  all  that  is  mysterious  in  the  nature  of 
Life,  we  really  remove  it  from  the  domain  of  scientific  inquiry ;  just  as 
if  the  visitor  to  a  Cotton-factory  were  to  give  up  in  despair  any  attempt 
to  acquaint  himself  with  the  meaning  of  the  several  processes  that  go  on 
before  his  eyes,  and  were  to  regard  it  as  a  sufficient  account  of  the  trans- 
formation of  raw  cotton  into  woven  calico,  that  it  takes  place  by  the 
agency  of  a  "  calico-making  principle." 

2.  But  if,  on  the  other  hand,  the  Physiologist  takes  as  his  stand-point 
the  conception  of  Life  as  a  peculiar  mode  of  activity,  he  at  once  finds  him- 
self on  a  pathway  of  inquiry  marked  out  for  him  by  the  antecedent  re- 
searches of  the  Physical  philosopher.  For  as,  in  the  study  of  that  great 
cycle  of  mutually-related  changes  which  may  be  designated  the  Life  of 
the  Universe,  the  Physicist  has  been  led  in  the  first  instance  to  recognise 
several  distinct  modes  of  activity,  e.g.  Mechanical  and  Chemical,  Electrical 
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and  Thermal ;  and  then,  prosecuting  his  analysis  under  the  guidance  of 
that  idea  of  Power  which  he  finds  in  his  own  sense  of  effort,  has  been 
brought  to  refer  every  effect  to  a  causative  Force  of  some  kind, 
acting  through  a  certain  Material  instrumentality  : — so  the  Physiologist 
who  makes  the  living  Organism  his  study,  is  led  in  the  first  place  to 
refer  its  peculiar  phenomena  to  a  set  of  categories  as  distinct  from  the 
preceding  as  they  are  from  each  other ;  and  thence  to  distinguish  be- 
tween their  instrumental  and  their  dynamical  conditions,  the  Organic 
Structure  and  the  Vital  Forces  which  animate  it.  But  further,  as  the 
Physicist,  in  proportion  to  the  elevation  of  his  stand-point  and  the  con- 
prehensiveness  of  the  survey  he  can  thence  take  of  the  phenomena  of  the 
Inorganic  Universe,  is  enabled  to  discern,  first  the  mutual  relation,  and 
at  last  the  essential  unity,  of  all  those  Forces  whose  manifestations  ap- 
peared so  diverse  when  separately  contrasted  :  so  may  the  Physiologist,  in 
proportion  to  the  insight  he  gains  into  the  peculiar  characteristics  of  Vital 
Activity,  come  in  the  first  instance  to  recognise  the  mutual  relation  of 
the  agencies  which  underlie  its  diversified  phenomena,  next  to  perceive 
their  fundamental  unity  as  so  many  expressions  of  one  and  the  same  Vital 
Force  acting  through  different  material  instrumentalities,  and  finally  to 
discern  the  essential  identity  of  this  Force  with  that  which  maintains  the 
ceaseless  cycle  of  activity  in  the  Universe  at  large.* 

3.  If,  now,  we  inquire  what  it  is  that  essentially  distinguishes  Vital 
from  every  kind  of  Physical  activity,  we  find  this  distinction  most 
characteristically  expressed  in  the  fact  that  a  germ  endowed  with  Life 
developes  itself  into  an  Organism  of  a  type  resembling  that  of  its  parent ; 
that  this  organism  is  the  subject  of  incessant  changes,  which  all  tend  in 
the  first  place  to  the  evolution  of  its  typical  form,  and  subsequently  to  its 
maintenance  in  that  form,  notwithstanding  the  antagonism  of  Chemical 
and  Physical  agencies  which  are  continually  tending  to  produce  its  dis- 
integration ;  but  that  as  its  term  of  existence  is  prolonged,  its  conser- 
vative power  declines  so  as  to  become  less  and  less  able  to  resist  these 
disintegrating  forces,  to  which  it  finally  succumbs,  leaving  the  organism 
to  be  resolved  by  their  agency  into  the  components  from  which  its 
materials  were  originally  drawn.  The  history  of  a  living  organism,  then, 
is  one  of  incessant  change ;  f  and  the  conditions  of  this  change  are  to  be 
found  partly  in  the  organism  itself,  and  partly  in  the  external  influences 
to  which  it  is  subjected. 

4.  But  the  Life  of  any  complex  organism,  such  as  that  of  Man,  is  the 

*  See  the  Author's  Memoir  '  On  the  Mutual  Eelations  of  the  Vital  and  Physical 
Forces,'  in  the  "Philosophical  Transactions"  for  1850. 

f  If  change  be  essential  to  our  idea  of  Life,  it  may  be  asked  what  is  the  condition 
of  a  Seed,  which  may  remain  unaltered  during  a  period  of  many  centuries,  vegetating 
at  last,  when  placed  in  favourable  circumstances,  as  if  it  had  only  ripened  the  year 
before.  We  can  scarcely  call  it  alive,  for  it  is  not  performing  any  vital  operation. 
But  it  is  not  dead;  for  it  has  undergone  no  disintegration,  and  retains  its  capacity  for 
living.  The  most  correct  designation  of  such  a  state  (which  can  only  be  maintained 
under  a  complete  seclusion  from  disintegrating  agencies)  seems  to  be  dormant  vitality. 
Certain  animals  may  be  reduced  to  it ;  as  the  Frog  by  cold,  and  the  Wheel-animalcule 
by  slow  desiccation.  Organisms  capable  of  undergoing  such  a  suspension  of  activity 
may  be  kept  in  a  dormant  condition  so  long  as  disintegrating  agencies  are  excluded  ; 
but  the  very  conditions  (as  heat  in  the  one  case,  moisture  in  the  other,  and  both  com- 
bined in  the  case  of  the  seed)  whose  presence  is  followed  by  the  renewal  of  active  life 
if  the  organism  has  undergone  no  injurious  change,  ensure  its  speedy  decay  if  it  be 
not  able  to  resume  its  proper  vital  activity. 
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aggregate  of  the  Vital  Activity  of  all  its  component  parts ;  and  we  must 
ascertain  the  conditions  on  which  the  activity  of  each  of  these  is  de- 
pendent, before  we  can  rightly  comprehend  their  united  action  in  the 
Life  of  the  whole.    No  fact  has  been  more  clearly  ascertained  by  modern 
Physiological  research  than  this, — that  as  the  germ  derives  from  its 
parent  certain  independent  endowments,  in  virtue  of  which  it  is  enabled 
to  develope  itself  (under  appropriate  conditions)  into  an  organism  which 
may  be  composed  of  a  vast  number  of  dissimilar  parts,  so  each  of  those 
parts  derives  from  the  germ  in  which  it  had  its  origin  an  inde- 
pendent capacity  for  development  and  maintenance,  in  virtue  of  which 
it  goes  through  its  own  course  of  vital  activity,  and  by  the  ultimate 
cessation  of  which  its  own  term  of  existence  is  limited.     Of  this 
mutual  independence  we  have  illustrations  in  the  persistence  of  the  '  mo- 
lecular life'  of  individual  parts  long  after  '  somatic'  death  (of  death  of 
the  body  as  a  whole)  has  taken  place ; — in  the  fact  that  not  only  may 
vital  activity  be  sustained  in  a  part  completely  separated  from  the  body 
by  the  maintenance  of  the  circulation  of  blood  through  it,  but  vital  en- 
dowments which  had  partially  or  completely  ceased  to  manifest  them- 
selves in  consequence  of  the  cessation  of  the  circulation,  may  be  restored 
by  its  re-establishment ; — and  in  the  occasional  reunion  of  members 
which  have  been  entirely  separated.    But  notwithstanding  the  wonderful 
diversity  of  structure  and  of  endowments  which  we  meet  with  in  the 
study  of  any  such  complex  organism,  we  encounter  a  harmonious  unity 
or  co-ordination  in  its  entire  aggregate  of  actions,  which  is  yet  more  won- 
derful.   It  is  in  this  harmony  or  co-ordination,  whose  tendency  is  to  the 
conservation  of  the  organism,  that  the  state  of  Health  or  Normal  Life  essen- 
tially consists.    And  the  more  profound  is  our  investigation  of  its  condi- 
tions, the  more  definite  becomes  the  conclusion  to  which  we  are  led  by 
the  study  of  them, — that  it  is  fundamentally  based  on  the  common 
origin  of  all  these  diversified  parts  in  the  same  germ,  the  vital  endow- 
ments of  which,  equally  diffused  throughout  the  whole  fabric  in  those 
lowest  forms  of  organization  in  which  every  part  is  but  a  repetition  of 
every  other,  are  differentiated  in  the  highest  amongst  a  variety  of  organs 
or  instrumental  structures  more  or  less  dissimilar,  acquiring  in  virtue  of 
this  differentiation  a  much  greater  intensity.    Thus  in  the  lowest  forms 
of  Vegetable  life,  the  primordial  germ  multiplies  itself  by  duplicative  sub- 
division into  an  apparently  unlimited  number  of  cells,  each  of  them 
similar  to  every  other,  and  capable  of  maintaining  its  existence  indepen- 
dently of  them.    And  in  that  lowest  (Rhizopod)  type  of  Animal  life,  the 
knowledge  of  which  is  among  the  most  remarkable  fruits  of  modern  bio- 
logical research,  "  the  Physiologist  has  a  case  in  which  those  vital  ope- 
rations which  he  is  elsewhere  accustomed  to  see  carried  on  by  an 
elaborate  apparatus,  are  performed  without  any  special  instruments  what- 
ever ;  a  little  particle  of  apparently  homogeneous  jelly  changing  itself 
into  a  greater  variety  of  forms  than  the  fabled  Proteus,  laying  hold  of  its 
food  without  members,  swallowing  it  without  a  mouth,  digesting  it  with- 
out a  stomach,  appropriating  its  nutritious  material  without  absorbent 
vessels  or  a  circulating  system,  moving  from  place  to  place  without 
muscles,  feeling  (if  it  has  any  power  to  do  so)  without  nerves,  propagating 
itself  without  genital  apparatus,  and  not  only  this,  but  in  many  instances 
forming  shelly  coverings  of  a  symmetry  and  complexity  not  surpassed  by 
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those  of  any  testaceous  animals;"*  whilst  the  mere  separation  of  a  frag- 
ment of  this  jelly  is  sufficient  to  originate  a  new  and  independent  or- 
ganism, so  that  any  number  of  these  beings  may  be  produced  by  the 
successive  detachment  of  such  particles  from  a  single  Rhizopod,  each  of 
them  retaining  (so  far  as  we  have  at  present  the  means  of  knowing)  the 
characteristic  endowments  of  the  stock  from  which  it  was  an  offset.  When, 
on  the  other  hand,  we  watch  the  evolution  of  any  of  the  higher  types  of 
Organization,  whether  Vegetable  or  Animal,  we  observe  that  although  in 
the  first  instance  the  primordial  cell  multiplies  itself  by  duplicative  sub- 
division into  an  aggregation  of  cells  which  are  apparently  but  repetitions 
of  itself  and  of  each  other,  this  homogeneous  extension  has  in  each  case 
a  definite  limit,  speedily  giving  place  to  a  structural  differentiation  which 
becomes  more  and  more  decided  with  the  progress  of  development ;  until, 
in  that  most  heterogeneous  of  all  types — the  Human  Organism — no  two 
parts  are  precisely  identical,  except  those  which  correspond  to  each  other 
on  the  opposite  sides  of  the  body.   With  this  structural  differentiation  is 
associated  a  corresponding  differentiation  of  function  ;  for  whilst  in  the 
Life  of  the  most  highly-developed  and  complex  organism  we  witness  no 
act  which  is  not  foreshadowed,  however  vaguely,  in  that  of  the  lowest  and 
simplest,  yet  we  observe  in  it  that  same  "  division  of  labour"  which  consti- 
tutes the  essential  characteristic  of  the  highest  grade  of  Civilization.  For 
in  what  maybe  termed  the  elementary  form  of  Human  Society,  in  which 
every  individual  relies  upon  himself  alone  for  the  supply  of  all  his  wants, 
no  greater  result  can  be  attained  by  the  aggregate  action  of  the  entire  I 
community  than  its  mere  maintenance  ;  but  as  each  individual  selects  a  I 
special  mode  of  activity  for  himself,  and  aims  at  improvement  in  that 
speciality,  he  finds  himself  attaining  a  higher  and  yet  higher  degree  of 
aptitude  for  it ;  and  this  specialization  tends  to  increase  as  opportunities 
arise  for  new  modes  of  activity,  until  that  complex  fabric  is  evolved  which 
constitutes  the  most  developed  form  of  the  Social  State,  wherein  every  in- 
dividual finds  the  work — mental  or  bodily — for  which  he  is  best  fitted, 
and  in  which  he  may  reach  the  highest  attainable  perfection ;  while  the 
mutual  dependence  of  the  whole  (which  is  the  necessary  result  of  this 
specialization  of  parts)  is  such  that  every  individual  works  for  the  benefit 
of  all  his  fellows,  as  well  as  for  his  own.    As  it  is  only  in  such  a  state  of 
Society  that  the  greatest  triumphs  of  Human  ability  become  possible,  so 
it  is  only  in  the  most  differentiated  types  of  Organization  that  Vital  Ac- 
tivity can  present  its  highest  manifestations.    In  the  one  case  as  in  the 
other  does  the  result  depend  upon  a  process  of  gradual  development,  in 
which,  under  the  influence  of  agencies  whose  nature  constitutes  a  proper 
object  of  scientific  inquiry,  that  most  general  form  in  which  the  fabric — 
whether  Corporeal  or  Social — originates,  evolves  itself  into  that  most\ 
special  in  which  its  development  culminates.    And  hence  we  are  dis- 
tinctly  justified  in  the  conclusion,  that  the  special  endowments  of  the| 
several  components  of  the  organism,  however  dissimilar  to  each  other,  are 
nothing  else  than  differentiated  and  proportionately  intensified  expressions  i 
of  those  which  are  common  to  every  part  of  the  originally  homogeneous  £ 
fabric ; — a  conclusion  which  derives  a  remarkable  confirmation  from  the  i 

*  See  the  Author's  "  Introduction  to  the  Study  of  the  Foraruinifera,"  published  b) 
the  Bay  Society,  1862,  Preface,  p.  vii. 
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indication  afforded  by  the  phenomenon  of  '  Metastasis  of  Secretion/  that 
the  general  structure,  even  in  the  most  highly-specialized  organism, 
retains  somewhat  of  its  primitive  community  of  function. 

5.  Thus,  then,  we  may  take  that  mode  of  Vital  Activity  which  manifests 
itself  in  the  evolution  of  the  germ  into  the  complete  organism  repeating 
the  type  of  its  parent,  and  the   subsequent   maintenance   of  that 
organism  in  its  integrity, — in  both  cases  at  the  expense  of  materials 
derived  from   external   sources, — as  the  most   universal  and  most 
fundamental  characteristic  of  Life ;  and  we  have  now  to  consider  the 
nature  and  source  of  the  Force  or  Power  by  which  that  evolution  is 
brought  about.    The  prevalent  opinion  has  until  lately  been,  that  this 
power  is  inherent  in  the  germ  ;  which  has  been  supposed  to  derive  from 
its  parent  not  merely  its  material  substance,  but  a  nisus  formativus, 
bildungstrieb,  or  germ-force,  in  virtue  of  which  it  builds  itself  up  into  the 
likeness  of  its  parent,  and  maintains  itself  in  that  likeness  until  the  force 
is  exhausted,  at  the  same  time  imparting  a  fraction  of  it  to  each  of  its 
progeny.    In  this  mode  of  viewing  the  subject,  all  the  organizing  force 
required  to  build  up  an  Oak  or  a  Palm,  an  Elephant  or  a  Whale,  must 
be  concentrated  in  a  minute  particle,  only  discernible  by  microscopic  aid ; 
and  the  aggregate  of  all  the  germ-forces  appertaining  to  the  descendants, 
however  numerous,  of  a  common  parentage,  must  have  existed  in  their 
original  progenitors.    Thus,  in  the  case  of  the  successive  viviparous 
broods  of  Aphides,  a  germ-force  capable  of  organizing  a  mass  of  living 
structure,  which  would  amount  (it  has  been  calculated*)  in  the  tenth 
brood  to  the  bulk  of  500  millions  of  stout  men,  must  have  been  shut 
up  in  the  single  individual,  weighing  perhaps  the  l-1000th  of  a  grain, 
from  which  the  first  brood  was  evolved.    And  in  like  manner,  the  germ- 
force  which  has  organized  the  bodies  of  all  the  individual  men  that  have 
lived  from  Adam  to  the  present  day,  must  have  been  concentrated  in  the 
body  of  their  common  ancestor.   A  more  complete  reductio  ad  absurdum 
can  scarcely  be  brought  against  any  hypothesis ;  and  we  may  consider  it 
proved  that,  in  some  way  or  other,  fresh  organizing  force  is  constantly 
being  supplied/row  without  during  the  whole  period  of  the  exercise  of  its 
activity.    When  we  carefully  look  into  the  question,  we  find  that  what 
the  germ  really  supplies  is  not  the  force,  but  the  directive  agency ;  thus 
rather  resembling  the  control  exercised  by  the  superintendent  builder 
who  is  charged  with  the  working-out  the  design  of  the  architect,  than  the 
bodily  force  of  the  workmen  who  labour  under  his  guidance  in  the  con- 
struction of  the  fabric.    The  actual  constructive  force,  as  we  learn  from 
an  extensive  survey  of  the  phenomena  of  life,  is  supplied  by  Heat ;  the 
influence  of  which  upon  the  rate  of  growth  and  development,  both 
animal  and  vegetable,  is  so  marked  as  to  have  universally  attracted  the 
attention  of  Physiologists ;  who,  however,  have  for  the  most  part  only 
recognised  in  it  a  vital  stimulus  that  calls  forth  the  latent  power  of  the 
germ,  instead  of  looking  upon  it  as  itself  furnishing  the  power  that  does 
the  work.    It  has  been  from  the  narrow  limitation  of  the  area  over  which 
physiological  research  has  been  commonly  prosecuted,  that  the  intimacy 
of  this  relationship  between  Heat  and  the  Organizing  force  has  not  sooner 
become  apparent.     Whilst  the  vital  phenomena  of  Warm-blooded 

*  See  Prof.  Huxley  on  the  '  Agamic  Keproduction  of  Aphis,'  in    "  Linn.  Trans.," 
xxn.  p.  215. 
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Animals,  which  possess  within  themselves  the  means  of  maintaining  a 
constant  temperature,  were  made  the  sole,  or  at  any  rate  the  chief  objects 
of  study,  it  was  not  likely  that  the  inquirer  would  recognise  the  full 
influence  of  external  heat  in  accelerating,  or  of  cold  in  retarding,  their 
functional  activity.  It  is  only  when  the  survey  is  extended  to  Cold- 
blooded Animals,  and  to  Plants,  that  the  immediate  and  direct  relation 
between  Heat  and  Vital  Activity,  as  manifested  in  the  rate  of  growth 
and  development,  or  of  other  changes  peculiar  to  the  living  body,  is  un- 
mistakeably  manifested.  To  some  of  those  phenomena  Avhich  afford  the 
best  illustrations  of  the  mode  in  which  Heat  acts  upon  the  living  organism, 
attention  will  now  be  directed. 

6.  The  agency  of  Heat  as  the  'efficient  cause'  or  '  motive  power'  to  which 
the  phenomena  of  growth  and  development  are  to  be  referred,  is  pecu- 
liarly well  seen  in  the  process  of  Germination.  The  seed  consists  of  an 
embryo  which  has  already  advanced  to  a  certain  stage  of  development, 
and  of  a  store  of  nutriment  laid  up  as  the  material  for  its  further  evolu- 
tion ;  and  in  the  fact  that  this  evolution  is  carried  on  at  the  expense  of 
organic  compounds  already  prepared  by  extrinsic  agency,  until  (the  store 
of  these  being  exhausted)  the  young  plant  is  sufficiently  far  advanced  in 
its  development  to  be  able  to  elaborate  them  for  itself,  the  condition  of 
the  germinating  embryo  resembles  that  of  an  Animal.  Now  the  seed,  as 
already  pointed  out,  may  remain  (under  favourable  circumstances)  in  a 
state  of  absolute  inaction  during  an  unlimited  period.  If  secluded  from 
the  free  access  of  air  and  moisture,  and  kept  at  a  low  temperature,  it  is 
removed  from  all  influences  that  would  on  the  one  hand  occasion  its  dis- 
integration, or  on  the  other  would  call  it  into  active  life.  But  when 
again  exposed  to  air  and  moisture,  and  subjected  to  a  higher  temperature, 
it  either  germinates  or  decays,  according  as  the  embryo  it  contains  has  or 
has  not  preserved  its  vital  endowments, — a  question  which  only  experi- 
ment can  resolve.  The  process  of  germination  is  by  no  means  a  simple 
one.  The  nutriment  stored  up  in  the  seed  is  in  great  part  in  the  con- 
dition of  insoluble  starch  ;  and  this  must  be  brought  into  a  soluble  form 
before  it  can  be  appropriated  by  the  embryo.  The  metamorphosis  is 
effected  by  the  agency  of  a  ferment  termed  diastase ;  which  is  laid  up  in 
the  immediate  neighbourhood  of  the  embryo,  and  which,  when  brought 
to  act  on  starch,  converts  it  in  the  first  instance  into  soluble  dextrine, 
and  then  (if  its  action  be  continued)  into  sugar.  The  dextrine  and  sugar, 
combined  with  the  albuminous  and  oily  compounds  also  stored-up  in  the 
seed,  form  the  '  protoplasm'  which  is  the  substance  immediately  sup- 
plied to  the  young  plant  as  the  material  of  its  tissues  ;  and  the  conversion 
of  this  protoplasm  into  various  forms  of  organized  tissues,  which  become 
more  and  more  differentiated  as  development  advances,  is  obviously  refer- 
able to  the  vital  activity  of  the  germ.  Now  it  can  be  very  easily  shown 
experimentally  that  the  rate  of  growth  in  the  germinating  embryo  is  so 
closely  related  (within  certain  limits)  to  the  amount  of  Heat  supplied,  as 
to  place  its  dependence  on  that  agency  beyond  reasonable  question ;  so 
that  we  seem  fully  entitled  to  say  that  Heat,  acting  through  the  germ, 
becomes  the  constructive  force  or  power  by  which  the  Vegetable  fabric  is 
built  up.*    But  there  appears  to  be  another  source  of  that  power  in  the 

*  The  effect  of  Heat  is  doubtless  manifested  very  differently  by  different  seeds ; 
such  variations  being  partly  specific,  partly  individual.  But  these  are  no  greater  than 
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seed  itself.  In  the  conversion  of  the  insoluble  starch  of  the  seed  into 
sugar,  and  probably  also  in  a  further  metamorphosis  of  a  part  of  that 
sugar,  a  large  quantity  of  carbon  is  eliminated  from  the  seed  by  com- 
bining with  the  oxygen  of  the  air  so  as  to  form  carbonic  acid ;  this  com- 
bination is  necessarily  attended  with  a  disengagement  of  heat,  which 
becomes  very  sensible  when  (as  in  malting)  a  large  number  of  germinat- 
ing seeds  are  aggregated  together ;  and  it  cannot  but  be  regarded  as 
probable  that  the  heat  thus  evolved  within  the  seed  concurs  with  that 
derived  from  without,  in  supplying  to  the  germ  the  force  that  promotes 
its  evolution. 

7.  The  condition  of  the  Plant  which  has  attained  a  more  advanced  stage 
of  its  development,  differs  from  that  of  the  germinating  embryo  essentially 
in  this  particular,  that  the  organic  compounds  which  it  requires  as  the 
materials  of  the  extension  of  the  fabric  are  formed  by  itself,  instead  of 
being  supplied  to  it  from  without.  The  tissues  of  the  green  surfaces  of  the 
leaves  and  stems,  when  acted  on  by  light,  have  the  peculiar  power  of 
generating,  at  the  expense  of  carbonic  acid,  water,  and  ammonia,  various 
ternary  and  quaternary  organic  compounds,  such  as  chlorophyll,  starch, 
oil,  and  albumen ;  and  of  the  compounds  thus  generated,  a  part  are  ap- 
propriated by  the  constructive  force  of  the  Plant  (derived  from  the  heat 
with  which  it  is  supplied)  to  the  formation  of  new  tissues;  whilst  apart 
are  stored  up  in  the  cavities  of  those  tissues,  where  they  ultimately 
serve  either  for  the  evolution  of  parts  subsequently  developed,  or  for  the 
nutrition  of  animals  which  employ  them  as  food.  Of  the  source  of  those 
peculiar  affinities  by  which  the  components  of  the  Starch,  Albumen,  &c. 
are  brought  together,  we  have  no  right  to  speak  confidently ;  but  looking 
to  the  fact  that  these  compounds  are  not  produced  in  any  case  by  the 
direct  union  of  their  elements,  and  that  a  decomposition  of  binary  com- 
pounds seems  to  be  a  necessary  antecedent  of  their  formation,  it  is 
scarcely  improbable  that,  as  suggested  by  Prof.  Le  Conte,*  that  source  is 
to  be  found  in  the  chemical  forces  set  free  in  the  preliminary  act  of  de- 
composition, in  which  the  elements  would  be  liberated  in  that  1  nascent 
condition'  which  is  well  known  to  be  one  of  peculiar  energy.  The  in- 
fluence of  Light,  then,  upon  the  Vegetable  organism  appears  to  be 
essentially  exerted  in  bringing  about  what  may  be  considered  a  higher 
mode  of  chemical  combination  between  oxygen,  hydrogen,  and  carbon, 
with  the  addition  of  nitrogen  in  certain  cases ;  and  there  is  no  evidence  that 
it  extends  beyond  this.  That  the  appropriation  of  the  materials  thus 
prepared,  and  their  conversion  into  organized  tissue  in  the  operations  of 
growth  and  development,  are  dependent  on  the  agency  of  Heat,  is  just  as 
evident  in  the  stage  of  maturity  as  in  that  of  germination.  And  there  is 
reason  to  believe,  further,  that  an  additional  source  of  organizing  force  is 
to  be  found  in  the  retrograde  metamorphosis  of  organic  compounds  that 
goes  on  during  the  whole  life  of  the  plant ;  of  which  metamorphosis 

Wf\8Cn  m  tl?e.Inorganic  world ;  the  increment  of  temperature  and  the  augmentation 
ot  bulk  exhibited  by  different  substances  when  subjected  to  the  same  ahsolute  measure 
pt  heat,  being  as  diverse  as  the  substances  themselves.  The  whole  process  of  '  malting,' 
it  may  be  remarked,  is  based  on  the  average  regularity  with  which  the  seeds  of  a  par- 
ticular species  may  be  at  any  time  forced  to  a  definite  rate  of  germination  by  a  definite 
increment  of  temperature. 

*  See  his  very  suggestive  Memoir  '  On  the  Correlation  of  Physical,  Chemical,  and 
vital  J?orce,'  in  the  "Philosophical  Magazine"  for  1860,  vol.  xix.  Ser.  iv.  p.  137. 
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the  expression  is  furnished  by  the  production  of  carbonic  acid.  This  is 
peculiarly  remarkable  in  the  case  of  the  Fungi,  which,  being  incapable 
of  forming  new  compounds  under  the  influence  of  light,  are  entirely 
supported  by  the  organic  matters  they  absorb,  and  in  this  respect  corre- 
spond on  the  one  hand  with  the  germinating  embryo,  and  on  the  other 
with  Animals.  Such  a  decomposition  of  a  portion  of  the  absorbed  ma- 
terial is  the  only  conceivable  source  of  the  large  quantity  of  carbonic  acid 
they  are  constantly  giving  out ;  and  it  would  not  seem  unlikely  that  the 
force  supplied  by  this  retrograde  metamorphosis  of  the  superfluous  com- 
ponents of  their  food,  which  fall  down  (so  to  speak)  from  the  elevated 
plane  of  '  proximate  principles'  to  the  lower  level  of  comparatively  simple 
binary  compounds,  constitutes  the  power  by  which  another  portion  is 
raised  to  the  rank  of  living  tissue ;  thus  accounting  in  some  degree  for 
the  very  rapid  growth  for  which  this  tribe  of  Plants  is  so  remarkable. 
This  exhalation  of  carbonic  acid,  however,  is  not  peculiar  to  Fungi  and 
germinating  embryos ;  for  it  takes  place  during  the  whole  life  of  Flowering 
Plants,  both  by  day  and  by  night,  in  sunshine  and  in  shade,  and  from 
their  green  as  well  as  from  their  dark  surfaces.  And  it  is  not  improbable 
that,  as  in  the  case  of  the  Fungi,  its  source  lies  partly  in  the  organic  matters 
absorbed ;  recent  investigations*  having  rendered  it  probable  that  Plants 
really  take  up  and  assimilate  soluble  humus,  which,  being  a  more  highly 
carbonized  substance  than  starch,  dextrine,  or  cellulose,  can  only  be  con- 
verted into  compounds  of  the  latter  kind  by  parting  with  some  of  its 
carbon ;  but  it  may  also  take  place  at  the  expense  of  compounds  pre- 
viously generated  by  the  plant  itself,  and  stored  up  in  its  tissues,  of  which 
we  seem  to  have  an  example  in  the  unusual  production  of  carbonic  acid 
which  takes  place  at  the  period  of  flowering,  especially  in  such  plants  as 
have  a  fleshy  disk  or  receptacle  containing  a  large  quantity  of  starch ; 
and  thus,  it  may  be  surmised,  an  extra  supply  of  force  is  provided  for  the 
maturation  of  those  generative  products,  whose  preparation  seems  to  be 
the  highest  expression  of  the  vital  power  of  the  Vegetable  organism. 

8.  The  entire  aggregateof  organic  compounds  contained  in  the  Vegetable 
tissues,  then,  may  be  considered  as  the  expression  not  merely  of  a  certain 
amount  of  the  material  elements  oxygen,  hydrogen,  carbon,  and  nitrogen 
derived  (directly  or  indirectly)  from  the  water,  carbonic  acid,  and  am- 
monia of  the  atmosphere,  but  also  of  a  certain  amount  of  force  which  has 
been  exerted,  in  raising  these  from  the  lower  plane  of  simple  binary  com- 
pounds to  the  higher  level  of  complex  'proximate  principles;'  whilst  the 
portion  of  these  actually  converted  into  organized  tissue  may  be  con- 
sidered as  the  expression  of  a  further  measure  of  force,  which,  acting  under 
the  directive  agency  of  the  germ,  has  served  to  build  up  the  fabric  in  its 
characteristic  type.  This  constructive  action  goes  on  during  the  whole 
Life  of  the  Plant,  which  essentially  manifests  itself  either  in  the  extension 
of  the  original  fabric  (to  which  in  many  instances  there  seems  no  de- 
terminate limit),  or  in  the  production  of  the  germs  of  new  and  inde- 
pendent organisms. — It  is  interesting  to  remark  that  the  development  of 
the  more  permanent  parts  involves  the  successional  decay  and  renewal 
of  parts  whose  existence  is  temporary.  The  '  fall  of  the  leaf'  is  the  effect, 

*  See  the  Memoir  of  M.  Risler,  '  On  the  Absorption  of  Humus,'  in  the  "  Bibliothcque 
Uiiiverselle,"  N.S.,  1858,  torn.  i.  p.  305. 
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not  the  cause,  of  the  cessation  of  that  peculiar  functional  activity  of  its 
tissues,  which  consists  in  the  elaboration  of  the  nutritive  material  required 
for  the  production  of  wood.  And  it  would  seem  as  if  the  duration  of 
their  existence  stands  in  an  inverse  ratio  to  the  energy  of  their  action ; 
the  leaves  of  "  evergreens,"  which  are  not  cast  off  until  the  appearance  of 
a  new  succession,  effecting  their  functional  changes  at  a  much  less  rapid 
rate  than  do  those  of  "  deciduous"  trees,  whose  term  of  life  is  far  more 
brief — Thus  the  final  cause  or  purpose  of  the  whole  Vital  Activity  of  the 
Plant,  so  far  as  the  individual  is  concerned,  is  to  produce  an  indefinite 
extension  of  the  dense,  woody,  almost  inert,  but  permanent  portions  of  the 
fabric,  by  the  successional  development,  decay,  and  renewal  of  the  soft, 
active,  and  transitory  cellular  parenchyma ;  and,  according  to  the  prin- 
ciples already  stated,  the  descent  of  a  portion  of  the  materials  of  the 
latter  to  the  condition  of  binary  compounds,  which  is  manifested  in  the 
largely  increased  exhalation  of  carbonic  acid  that  takes  place  from  the 
leaves  in  the  later  part  of  the  season,  comes  to  the  aid  of  external  Heat 
in  supplying  the  force  by  which  another  portion  of  those  materials  is 
raised  to  the  condition  of  organized  tissue. — The  vital  activity  of  the 
Plant,  however,  is  further  manifested  in  the  provision  made  for  the  pro- 
pagation of  its  race  by  the  production  of  the  germs  of  new  individuals ; 
and  here,  again,  we  observe  that  whilst  a  higher  temperature  is  usually 
required  for  the  development  of  the  flower  and  the  maturation  of  the  seed 
than  that  which  suffices  to  sustain  the  ordinary  processes  of  vegetation,  a 
special  provision  appears  to  be  made  in  some  instances  for  the  evolution 
of  force  in  the  sexual  apparatus  itself,  by  the  retrograde  metamorphosis  of 
a  portion  of  the  organic  compounds  prepared  by  the  previous  nutritive 
operations.*  This  seems  the  nearest  approach  presented  in  the  Vegetable 
organism,  to  what  we  shall  find  to  be  an  ordinary  mode  of  activity  in  the 
Animal.  That  the  performance,  of  the  generative  act  involves  an  extra- 
ordinary expenditure  of  vital  force,  appears  from  this  remarkable  fact, 
that  blossoms  which  wither  and  die  as  soon  as  the  ovules  have  been  fer- 
tilized, may  be  kept  fresh  for  a  long  period  if  fertilization  be  prevented. 

9.  We  are  now  prepared  to  inquire  into  the  manifestations  of  Vital 
Activity  in  the  Animal,  and  into  the  sources  of  the  power  by  which  the 
various  forms  of  that  activity  are  sustained.  The  first  of  these  manifes- 
tations is,  as  in  the  plant,  the  building-up  of  the  organism  by  the  appro- 
priation of  material  supplied  from  external  sources  under  the  directive 
agency  of  the  germ.  The  ovum  of  the  Animal,  like  the  seed  of  the  Plant, 
contains  a  store  of  appropriate  nutriment  previously  elaborated  by  the 
parent ;  and  this  store  suffices  for  the  development  of  the  embryo,  up  to  the 
period  at  which  it  can  obtain  and  digest  alimentary  materials  for  itself. 
That  period  occurs  in  the  different  tribes  of  animals  at  very  dissimilar 
stages  of  the  entire  developmental  process.  In  many  of  the  lower  classes, 
the  embryo  comes  forth  from  the  egg,  and  commences  its  independent 
existence,  in  a  condition  which,  as  compared  with  the  adult  form,  would 
be  as  if  a  Human  embryo  were  to  be  thrown  upon  the  world  to  obtain 
its  own  subsistence  only  a  few  weeks  after  conception ;  and  its  whole 
subsequent  growth  and  development  take  place  at  the  expense  of  the 
nutriment  which  it  ingests  for  itself.    We  have  examples  of  this  in  the 


*  See  "Principles  of  Comparative  Physiology,"  4th  Edit.  §  274. 
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class  of  Insects,  many  of  which  come  forth  from  the  egg  in  the  state  of 
extremely  simple  and  minute  worms,  having  scarcely  any  power  of  move- 
ment, but  an  extraordinary  voracity.  The  eggs  having  been  deposited 
in  situations  fitted  to  afford  an  ample  supply  of  appropriate  nutriment 
(those  of  the  flesh-fly,  for  example,  being  laid  in  carcases,  and  those  of 
the  cabbage  butterfly  upon  cabbage-leaves),  each  larva  on  its  emersion 
is  as  well  provided  with  alimentary  material  as  if  it  had  been  furnished 
with  a  large  supplemental  yolk  of  its  own  ;  and  by  availing  itself  of  this, 
it  speedily  grows  to  many  hundred  or  even  many  thousand  times  its 
original  size,  without  making  any  considerable  advance  in  development. 
But  having  thus  laid  up  in  its  tissues  a  large  additional  store  of  material, 
it  passes  into  a  state  which,  so  far  as  the  external  manifestations  of  life 
are  concerned,  is  one  of  torpor,  but  which  is  really  one  of  great  develop- 
mental activity ;  for  it  is  during  the  pupa  state  that  those  new  parts  are 
evolved,  which  are  characteristic  of  the  perfect  Insect,  and  of  which 
scarcely  a  trace  was  discoverable  in  the  larva ;  so  that  the  assumption  of 
this  state  may  be  likened  in  many  respects  to  a  re-entrance  of  the  larva 
into  the  ovum.  On  its  termination,  the  Imago  or  perfect  Insect  comes 
forth  complete  in  all  its  parts,  and  soon  manifests  the  locomotive  and 
sensorial  powers  by  which  it  is  specially  distinguished,  and  of  which  the 
extraordinary  predominance  seems  to  justify  our  regarding  Insects  as 
the  types  of  purely  Animal  life.  There  are  some  Insects  whose  Imago- 
life  has  but  a  very  short  duration,  the  performance  of  the  generative  act 
being  apparently  the  only  object  of  this  stage  of  their  existence :  and 
such  for  the  most  part  take  no  food  whatever  after  their  final  emersion, 
their  vital  activity  being  maintained,  for  the  short  period  it  endures,  by 
the  material  assimilated  during  their  larva  state.*  But  those  whose 
period  of  activity  is  prolonged,  and  upon  whose  energy  there  are  extra- 
ordinary demands,  are  scarcely  less  voracious  in  their  imago  than  in  their 
larva-condition ;  the  food  they  consume  not  being  applied  to  the  increase 
of  their  bodies,  which  grow  very  little  after  the  assumption  of  the  imago- 
state,  but  chiefly  to  their  maintenance, — no  inconsiderable  portion  of  it, 
however,  being  appropriated  in  the  female  to  the  production  of  ova,  the 
entire  mass  of  which  deposited  by  a  single  individual  is  sometimes  enor- 
mous. That  the  performance  of  the  generative  act  involves  not  merely 
a  consumption  of  material,  but  a  special  expenditure  of  force,  appears 
from  a  fact  to  be  presently  stated,  corresponding  to  that  already  noticed 
(§  8)  in  regard  to  Plants. 

10.  Now  if  we  look  for  the  source  of  the  various  kinds  of  force, — which 
may  be  distinguished  as  constructive,  sensori-motor,  and  generative, — that 
are  manifested  in  the  different  stages  of  the  life  of  an  Insect,  we  find  them 
to  lie,  on  the  one  hand,  in  the  Heat  with  which  the  organism  is  supplied 
from  external  sources,  and,  on  the  other,  in  the  Food  provided  for  it.  The 
agency  of  heat,  as  the  moving  power  of  the  constructive  operations,  is 
even  more  distinctly  shown  in  the  development  of  the  larva  within  the 
egg,  and  in  the  development  of  the  imago  within  its  pupa-case,  than  it 
is  in  the  germinating  seed ;  the  rate  of  each  of  these  processes  being 

*  It  is  not  a  little  curious  that  in  the  tribe  of  Botifera,  or  Wheel-animalcules,  all 
the  males  yet  discovered  are  entirely  asplanchnic;  not  only  the  whole  of  their  develop- 
ment within  the  egg,  hut  the  whole  of  their  active  life  after  their  emersion  from  it, 
being  carried-on  at  the  expense  of  the  store  of  yolk  provided  by  tbe  parent. 
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strictly  regulated  by  the  temperature  to  which  the  organism  is  subjected. 
Thus  ova  which  are  ordinarily  not  hatched  until  the  leaves  suitable  for 
the  food  of  their  larva  have  been  put  forth,  may  be  made,  by  artificial 
heat,  to  produce  a  brood  in  the  winter ;  whilst,  on  the  other  hand,  if 
they  be  kept  at  a  low  temperature,  their  hatching  may  be  retarded  almost 
indefinitely  without  the  destruction  of  their  vitality.  The  same  is  true 
of  the  pupa-state ;  and  it  is  remarkable  that  during  the  latter  part  of  that 
state,  in  which  the  developmental  process  goes  on  with  extraordinary 
rapidity,  there  is  in  certain  Insects  a  special  provision  for  an  elevation 
of  the  temperature  of  the  embryo  by  a  process  resembling  incubation. 
Whether,  in  addition  to  the  heat  imparted  from  without,  there  is  any 
addition  of  force  developed  within  (as  in  the  germinating  seed)  by  the 
return  of  a  part  of  the  organic  constituents  of  the  food  to  the  condition 
of  binary  compounds,  cannot  at  present  be  stated  with  confidence  :  the 
probability  is,  however,  that  such  a  retrograde  metamorphosis  does  take 
place,  adequate  evidence  of  its  occurrence  during  the  incubation  of  the 
Bird's  egg  being  afforded  by  the  liberation  of  carbonic  acid  which  is  there 
found  to  be  an  essential  condition  of  the  developmental  process.  During 
the  larva-state  there  is  very  little  power  of  maintaining  an  independent 
temperature,  so  that  the  sustenance  of  Vital  Activity  is  still  mainly  due 
to  the  heat  supplied  from  without. — But  in  the  active  state  of  the  perfect 
Insect  there  is  a  production  of  heat  quite  comparable  to  that  of  warm- 
blooded animals ;  and  this  is  effected  by  the  retrograde  metamorphosis  of 
certain  organic  constituents  of  the  food,  of  which  we  find  the  expression 
in  the  exhalation  of  carbonic  acid  and  water.  Thus  the  food  of  Animals 
becomes  an  internal  source  of  heat,  which  may  render  them  independent  of 
external  temperature. — Further,  a  like  retrograde  metamorphosis  of  cer- 
tain constituents  of  the  food  is  the  source  of  that  sensori-motor  power 
which  is  the  peculiar  characteristic  of  the  Animal  organism ;  for  on  the 
one  hand  the  demand  for  food,  on  the  other  the  amount  of  metamorphosis 
indicated  by  the  quantity  of  carbonic  acid  exhaled,  bear  a  very  close 
relation  to  the  quantity  of  that  power  which  is  put  forth.  This  relation 
is  peculiarly  manifest  in  Insects,  since  their  conditions  of  activity  and 
repose  present  a  greater  contrast  in  their  respective  rates  of  metamor- 
phosis than  do  those  of  any  other  animals. — Of  the  exercise  of  generative 
force  we  have  no  similar  measure ;  but  that  it  is  only  a  special  modifica- 
tion of  ordinary  vital  activity  appears  from  this  circumstance,  that  the 
life  of  those  Insects  which  ordinarily  die  very  soon  after  sexual  congress 
and  the  deposition  of  the  ova,  may  be  considerably  prolonged  if  the  sexes 
be  kept  apart  so  that  congress  cannot  take  place.  Moreover,  it  has  been 
Bhown  by  recent  inquiries  into  the  Agamic  reproduction  of  Insects  and 
other  animals,  that  the  process  of  Generation  differs  far  less  from  those 
Reproductive  acts  which  must  be  referred  to  the  category  of  the  ordinary 
Nutritive  processes,  than  had  been  previously  supposed. 

11.  Thus,  then,  we  find  that  in  the  Animal  organism  the  demand  for 
food  has  reference  not  merely  to  its  use  as  a  material  for  the  construction 
of  the  fabric ;  food  serves  also  as  a  generator  of  force  ;  and  this  force  may 
be  of  various  kinds, — Heat  and  Motor-power  being  the  principal  but  by 
no  means  the  only  modes  under  which  it  manifests  itself.  We  shall  now 
inquire  what  there  is  peculiar  in  the  sources  of  the  Vital  Force  which 
animates  the  organisms  of  the  higher  animals  at  different  stages  of  Life. 
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12.  That  the  Developmental  force  which  occasions  the  evolutions  of  the 
germ  in  the  higher  Vertebrata  is  really  supplied  by  the  Heat  to  which  the 
ovum  is  subjected,  maybe  regarded  as  a  fact  established  beyond  all  ques- 
tion.   In  the  Frog  and  other  Amphibia,  which  have  no  special  means  of 
imparting  a  high  temperature  to  their  eggs,  the  rate  of  development  (which 
in  the  early  stages  can  be  readily  determined  with  great  exactness)  is 
entirely  governed  by  the  degree  of  warmth  to  which  the  ovum  is  subjected. 
But  in  Serpents  there  is  a  peculiar  provision  for  supplying  heat ;  the 
female  performing  a  kind  of  incubation  upon  her  eggs,  and  generating  in 
her  own  body  a  temperature  much  above  that  of  the  surrounding  air.* 
In  Birds,  the  developmental  process  can  only  be  maintained  by  the  steady 
application  of  external  warmth,  and  this  to  a  degree  much  higher  than 
that  which  is  needed  in  the  case  of  cold-blooded  animals ;  and  we  may 
notice  two  results  of  this  application  as  very  significant  of  the  dynamical 
relation  between  Heat  and  Developmental  Force, — first,  that  the  period 
required  for  the  evolution  of  the  germ  into  the  mature  embryo  is  nearly 
constant,  each  species  having  a  definite  period  of  incubation, — and  second, 
that  the  grade  of  development  attained  by  the  embryo  before  its  emersion 
is  relatively  much  higher  than  it  is  in  cold-blooded  vertebrata  generally ; 
the  only  instances  in  which  anything  like  the  same  stage  is  attained  with- 
out a  special  incubation  being  those  in  which  (as  in  the  Turtle  and  Croco- 
dile) the  eggs  are  hatched  under  the  influence  of  a  high  external  tempera- 
ture.   This  higher  development  is  attained  at  the  expense  of  a  much 
greater  consumption  of  nutrient  material ;  the  store  laid  up  in  the  '  food 
yolk '  and  '  albumen'  of  the  Bird's  egg  being  many  times  greater  in  pro- 
portion to  the  size  of  the  animal  which  laid  it,  than  that  contained  in 
the  whole  egg  of  a  Frog  or  a  Fish.    There  is  evidence  in  that  liberation 
of  carbonic  acid  which  has  been  ascertained  to  go  on  in  the  egg  (as  in 
the  germinating  seed)  during  the  whole  of  the  developmental  process, 
that  the  return  of  a  portion  of  the  organic  substances  provided  for  the 
sustenance  of  the  embryo,  to  the  condition  of  simple  binary  compounds, 
is  an  essential  condition  of  the  process ;  and  since  it  can  scarcely  be 
supposed  that  the  object  of  this  metamorphosis  can  be  to  furnish  heat 
(an  ample  supply  of  that  force  being  afforded  by  the  body  of  the  parent), 
it  seems  not  unlikely  that  its  purpose  is  to  supply  a  force  that  concurs 
with  the  heat  received  from  without  in  maintaining  the  process  of 
organization. — The  development  of  the  embryo  within  the  body,  in  the 
Mammalia,  imparts  to  it  a  steady  temperature  equivalent  to  that  of  the 
parent  itself;  and  in  all  save  the  implacental  Orders  of  this  class,  that 
development  is  carried  still  further  than  in  Birds,  the  new-born  Mammal 
being  yet  more  complete  in  all  its  parts,  and  its  size  bearing  a  larger  pro- 
portion to  that  of  its  parent,  than  even  in  Birds.    It  is  doubtless  owing 
in  great  part  to  the  constancy  of  the  temperature  to  which  the  embryo  is 
subjected,  that  its  rate  of  development  (as  shown  by  the  fixed  term  of 
utero-gestation)  is  so  uniform.  The  supply  of  organizable  material  here 
afforded  by  the  ovum  itself  is  very  small,  and  suffices  only  for  the  very 

*  In  the  Viper  the  eggs  are  usually  retained  within  the  oviduct  until  they  are 
hatched.  In  the  Python,  which  recently  went  through  the  process  of  incubation  in  (lie 
Zoological  Gardens,  the  eggs  were  imbedded  in  the  coils  of  the  body ;  the  temperature 
to  which  they  were  subjected  (as  ascertained  by  a  thermometer  placed  in  the  midst  of 
them)  averaging  90°  F.,  whilst  that  of  the  cage  averaged  60°  F. 
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earliest  stage  of  the  constructive  process ;  but  a  special  provision  is  very 
soon  made  for  the  nutrition  of  the  embryo  by  materials  directly  supplied 
by  the  parent ;  and  the  imbibition  of  these  takes  the  place,  during  the 
whole  remainder  of  foetal  life,  of  the  appropriation  of  the  materials  sup- 
plied in  the  Bird's  egg  by  the  '  food  yolk'  and  '  albumen.'  To 
what  extent  a  retrograde  metamorphosis  of  nutrient  material  takes 
place  in  the  foetal  Mammal,  we  have  no  precise  means  of  determining ; 
since  the  products  of  that  metamorphosis  are  probably  for  the  most 
part  returned  (through  the  placental  circulation)  to  the  blood  of  the 
mother,  and  got  rid  of  through  her  excretory  apparatus.  But  sufficient 
evidence  of  such  a  metamorphosis  is  afforded  by  the  presence  of  urea  in 
the  amniotic  fluid  and  of  biliary  matter  in  the  intestines,  to  make 
it  probable  that  it  takes  place  not  less  actively  (to  say  the  least)  in  the 
foetal  Mammal  than  it  does  in  the  Chick  in  ovo.  Indeed  it  is  impossible 
to  conceive  of  the  growth  of  any  of  the  higher  organisms, — which  not 
merely  consists  in  the  formation  of  new  parts,  but  also  involves  a  vast 
amount  of  interstitial  change, — without  perceiving  that  in  the  remodelling 
which  is  incessantly  going  on,  the  parts  first  formed  must  be  removed  to 
make  way  for  those  which  have  to  take  their  place.  And  such  removal 
can  scarcely  be  accomplished  without  a  retrograde  metamorphosis,  which, 
as  in  the  numerous  cases  already  referred-to,  may  be  considered  with 
great  probability  as  setting  free  constructive  force  to  be  applied  in  the 
production  of  new  tissue. 

13.  If,  now,  we  pass-on  from  the  intra-uterine  life  of  the  Mammalian 
organism  to  that  period  of  its  existence  which  intervenes  between  birth 
and  maturity,  we  see  that  a  temporary  provision  is  made  in  the  acts  of 
lactation  and  nursing  for  affording  both  food  and  warmth  to  the  young 
creature,  which  is  at  first  incapable  of  adequately  providing  itself  with 
aliment,  or  of  resisting  external  cold  without  fostering  aid.  And  we 
notice  that  the  offspring  of  Man  remains  longer  dependent  upon  parental 
care  than  that  of  any  other  Mammal ;  in  accordance  with  the  higher 
grade  of  development  to  be  ultimately  attained.  But  when  the  period  of 
infancy  has  passed,  the  child  that  is  adequately  supplied  with  food,  and 
is  protected  by  the  clothing  which  makes  up  for  the  deficiency  of  other 
tegumentary  covering,  ought  to  be  able  to  maintain  its  own  heat,  save  in 
an  extremely  depressed  temperature ;  and  this  it  does  by  the  metamor- 
phosis of  organic  substances,  partly  derived  from  its  own  fabric,  and  partly 
supplied  directly  by  the  food,  into  binary  compounds.  During  the 
whole  period  of  growth  and  development,  we  find  the  producing  power 
at  its  highest  point ;  the  circulation  of  blood  being  more  rapid,  and  the 
amount  of  carbonic  acid  generated  and  thrown  off  being  much  greater 
in  proportion  to  the  bulk  of  the  body,  than  at  any  subsequent  period  of 
life.  We  find,  too,  in  the  large  amount  of  other  excretions,  the  evidence 
of  a  rapid  metamorphosis  of  tissue  ;  and  it  can  hardly  be  questioned  (if 
our  general  doctrines  be  well  founded)  that  the  constructive  force  which 
operates  in  the  completion  of  the  fabric  will  be  derived  in  part  from  the 
heat  so  largely  generated  by  chemical  change,  and  in  part  from  the  de- 
scent which  a  portion  of  the  fabric  itself  is  continually  making  from  the 
higher  plane  of  organized  tissue  to  the  lower  plane  of  dead  matter.  This 
high  measure  of  vital  activity  can  only  be  sustained  by  an  ample  supply 
M  Food;  which  thus  supplies  both  material  for  the  construction  of  the  . 
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organism,  and  the  force  by  whose  agency  that  construction  is  accomplished. 
How  completely  dependent  the  constructive  process  still  is  upon  Heat,  is 
shown  by  the  phenomena  of  reparation  in  cold-blooded  animals ;  since 
not  only  can  the  rate  at  which  they  take  place  be  experimentally  shown 
to  bear  a  direct  relation  to  the  temperature  to  which  these  animals  are 
subjected,  but  it  has  been  ascertained  that  any  extraordinary  act  of  repara- 
tion (such  as  the  reproduction  of  a  limb  in  the  Salamander)  will  only  be 
performed  under  the  influence  of  a  temperature  much  higher  than  that 
required  for  the  maintenance  of  the  ordinary  vital  activity. — After  the 
maturity  of  the  organism  has  been  attained,  there  is  no  longer  any  call 
for  a  larger  measure  of  constructive  force  than  is  required  for  the  main- 
tenance of  its  integrity ;  and  if  there  were  no  other  source  of  retro- 
grade metamorphosis  than  that  which  is  inherent  in  the  peculiar  com- 
position of  the  tissues,  the  demand  for  food  would  be  reduced  to  very 
little  more  than  would  suffice  by  its  ultimate  conversion  into  water  and 
carbonic  acid  to  keep  up  the  temperature  of  the  body.  But  the  condi- 
tions of  Animal  existence  involve  a  constant  expenditure  of  Motor  force 
through  the  instrumentality  of  the  Nervo-muscular  apparatus,  as  well 
as  a  liberation  of  Heat ;  and  the  exercise  of  the  purely  Psychical  powers 
through  the  instrumentality  of  the  Brain  constitutes  a  further  expendi- 
ture of  force,  even  when  no  bodily  exertion  is  made  as  its  result. — We 
have  now  to  consider  the  conditions  under  which  these  forces  are  deve- 
loped, and  the  sources  from  which  they  are  derived. 

14.  The  doctrine  at  present  commonly  received  among  Physiologists 
upon  these  points  may  be  stated  as  follows  : — The  functional  activity  of 
the  Nervous  and  Muscular  apparatuses  involves,  as  its  necessary  condition, 
the  disintegration  of  their  tissues  ;  the  components  of  which,  uniting  with 
the  oxygen  of  the  blood,  enter  into  new  and  simpler  combinations,  which 
are  ultimately  eliminated  from  the  body  by  the  excretory  operations.* 
In  such  a  retrograde  metamorphosis  of  tissue,  we  have  two  sources  of  the 
liberation  of  force ;  first,  its  descent  from  the  condition  of  living  to  that 
of  dead  matter,  involving  a  liberation  of  that  force  which  was  originally 
concerned  in  its  organization ; — and  second,  the  further  descent  of  its 

*  To  this  doctrine  a  decided  approach  was  made  by  Liehig  in  his  Animal  Chemistry 
(1842) ;  since  he  there  distinctly  promulgated  what  had  already  been  more  vaguely 
affirmed  by  various  Physiologists,  that  every  production  of  motion  by  an  Animal  in- 
volves a  proportional  disintegration  of  muscular  substance.  But  he  seems  to  have  re- 
garded the  motor  force  produced  as  the  expression  of  the  vital  force  by  which  the  tissue 
was  previously  animated;  and  to  have  looked  upon  its  disintegration  by  oxygenation 
as  simply  a  consequence  of  its  death.  The  doctrine  of  the  "  Correlation  of  Forces  " 
being  at  that  time  undeveloped,  he  was  not  prepared  to  recognise  a  source  of  Motor 
power  in  the  ulterior  chemical  changes  which  the  substance  of  the  muscle  undergoes  ; 
but  seems  to  have  regarded  them  as  only  concerned  in  the  production  of  Heat.  The 
earliest  distinct  expression  of  the  current  doctrine  is  to  be  found  in  the  very  remarkable 
treatise  of  Dr.  Mayer  ("Die  organische  Bewegung  in  ihren  Zusammenhange  mit  deni 
Stofifwecbsel,"  Heilbronn,  1845),  in  which  he  worked-out  from  the  two  fundamental 
axioms,  "  Ex  nihilo  nil  fit ,"  and  "  Nil  fit  ad  nihilum,"  the  whole  system  of  doctrine 
which  has  since  come  to  be  known  as  that  of  the  "  Correlation  of  Forces,"  and  the 
"  Conservation  of  Force,"  in  its  application  alike  to  Physics  and  Chemistry  and  to 
Physiology.  Prof.  Grove  was  simultaneously  engaged  in  the  development  of  the  doc- 
trine of  the  "  Correlation  of  the  Physical  Forces ;"  and  without  any  knowledge  of 
Dr.  Mayer's  previous  labours,  the  Author  of  this  Treatise  developed  the  doctrine  in  the 
form  stated  in  the  text,  in  his  Memoir  '  On  the  Mutual  Relations  of  the  Vital  and 
Physical  Forces,'  published  in  the  "Philosophical  Transactions"  for  1850. 
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complex  organic  components  to  the  lower  plane  of  simple  binary  com- 
pounds. If  we  trace  back  these  forces  to  their  proximate  source,  we  find 
both  of  them  in  the  food  at  the  expense  of  which  the  Animal  organism  is 
constructed ;  for  besides  supplying  the  material  of  the  tissues,  a  portion 
of  that  food  (as  already  shown)  becomes  the  source,  in  its  retrograde 
metamorphosis,  of  the  production  of  the  Heat  which  supplies  the  con- 
structive power,  whilst  another  portion  may  afford,  by  a  like  descent,  a 
yet  more  direct  supply  of  organizing  force.  And  thus  we  find  in  the 
action  of  Solar  Light  and  Heat  upon  Plants — whereby  they  are  enabled 
to  not  merely  extend  themselves  almost  without  limit,  but  also  to  accu- 
mulate in  their  substance  a  store  of  Organic  Compounds  for  the  consump- 
tion of  Animals, — the  ultimate  source,  not  merely  of  the  materials  which 
Animals  require  for  their  nutrition,  but  also  of  the  forces  of  various 
kinds  which  they  exert. 

15.  Butrecent  investigations  have  rendered  it  doubtful  whether  the  doc- 
trine that  every  exertion  of  the  functional  power  of  the  nervo-muscular  ap- 
paratus involves  the  disintegration  of  a  certain  equivalent  amount  of  tissue, 
really  expresses  the  whole  truth.  It  has  been  maintained,  on  the  basis 
of  carefully  conducted  experiments,  in  the  first  place,  that  the  amount  of 
work  done  by  an  animal  may  be  greater  than  can  be  accounted  for  by 
the  ultimate  metamorphosis  of  the  azotized  constituents  of  its  food,  their 
mechanical  equivalent  being  estimated  by  the  heat  producible  by  the 
combustion  of  the  carbon  and  oxygen  which  they  contain  ;*  and 
secondly,  that  whilst  there  is  not  a  constant  relation  (as  affirmed  by 
Liebig)  between  the  amount  of  motor  force  produced  and  the  amount  of 
disintegration  of  muscular  tissue  represented  by  the  appearance  of  urea 
in  the  urine,  such  a  constant  relation  does  exist  between  the  development 
of  motor  force  and  the  increase  of  carbonic  acid  in  the  expired  air  as 
shows  that  between  these  two  phenomena  there  is  a  most  intimate 

*  This  view  has  been  expressed  to  the  Author  by  two  very  high  authorities,  Prof. 
Helmholtz  and  Prof.  William  Thomson,  independently  of  each  other,  as  an  almost  neces- 
sary inference  from  the  data  furnished  by  the  experiments  of  Dr.  Joule.  Even  ad- 
mitting these  data  (as  to  which  he  learns  from  Dr.  Joule  that  he  has  now  some  doubt, 
arising  from  the  incompleteness  of  the  analyses  of  the  food  consumed  by  the  Horse 
which  was  the  subject  of  the  experiment),  the  Author  is  by  no  means  satisfied  that  they 
justify  the  inference  founded  on  them ;  for  it  seems  to  him  a  pure  assumption  to  affirm 
that  the  force  evolved  by  the  ultimate  metamorphosis  of  azotized  compounds  is  to  be 
measured  only  by  the  combustive  equivalent  of  the  carbon  and  hydrogen  they  contain. 
There  is  abundant  evidence  in  the  phenomena  of  Vegetable  life  on  the  one  hand,  that 
the  production  of  gluten  and  other  albuminous  compounds  is  the  result  of  a  more  power- 
ful action  of  Heat  and  Light,  than  that  which  is  expressed  by  the  production  of  starch 
and  oil ;  whilst,  on  the  other  hand,  chemists  are  familiar  with  various  phenomena  at- 
tending the  retrograde  metamorphosis  of  azotized  compounds,  which  seem  to  mark  their 
special  potency.  So,  again,  it  is  quite  conceivable  that  in  the  construction  of  Muscular 
tissue  an  amount  of  Organizing  force  may  be  as  it  were  locked  up  (like  the  power  em- 
ployed in  winding-up  a  watch),  to  be  restored  in  the  form  of  mechanical  force  (as  in  the 
unbending  of_  the  spring),  when,  in  the  disintegration  of  the  muscle  and  the  ultimate 
metamorphosis  of  its  substance,  its  constituent  particles  make  the  entire  descent  from 
the  highest  plane  (that  of  organized  tissue)  to  the  lowest  (that  of  simple  binary  com- 
pounds).—But  although  he  cannot  regard  the  doctrine  of  his  distinguished  friends  as 
sustainable  on  the  basis  on  which  they  have  erected  it,  he  thinks  it  supported  by  many 
other  considerations  leading  to  the  general  conclusion  (c)  expressed  in  the  ensuing  para- 
graph of  the  text,  and  especially  by  the  interesting  experiments  of  MM.  Fick  and 
Wislicenus  which  will  be  found  detailed  in  their  proper  place. 
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connection.*  And  the  concurrence  of  these  independent  indications 
seems  to  justify  the  inference  that  motor  force  may  be  developed,  like 
Heat,  by  the  metamorphosis  of  constituents  of  food  which  are  not  con- 
verted into  living  tissue, — an  inference  which  so  fully  harmonizes  with  the 
doctrine  of  the  direct  convertibility  of  these  two  forces  now  established 
as  one  of  the  surest  results  of  Physical  investigation,  as  to  have  in  itself 
no  inherent  improbability.  Of  the  conditions  which  determine  the  genera- 
tion of  motor  force,  on  the  one  hand  from  the  disintegration  of  muscular 
tissue,  on  the  other  from  the  metamorphosis  of  the  components  of  the 
food,  nothing  definite  can  at  present  be  stated ;  but  we  seem  to  have  a 
typical  example  of  the  former  in  the  parturient  action  of  the  uterus,  whose 
muscular  substance  appears  to  have  been  built  up  for  this  one  effort,  and 
forthwith  undergoes  a  rapid  retrograde  metamorphosis ;  whilst  it  can 
scarcely  be  regarded  as  improbable  that  the  constant  activity  of  the  heart 
and  of  the  respiratory  muscles,  which  gives  them  no  opportunity  of  reno- 
vation by  rest,  is  sustained  not  so  such  by  the  continual  renewal  of  their 
substance  (of  which  renewal  there  is  no  historical  evidence  whatever)  as 
by  a  metamorphosis  of  matters  external  to  themselves,  supplying  a  force 
which  is  exerted  through  their  instrumentality. 

16.  To  sum  up  : — The  Life  of  Man  essentially  consists  in  the  manifesta- 
tion of  Forces  of  various  kinds,  of  which  his  organism  is  the  instrument; 
and  these  Forces  are  developed  by  the  retrograde  metamorphosis  of  the 
Organic  Compounds  generated  by  the  instrumentality  of  the  Plant, 
whereby  they  ultimately  return  to  the  simple  binary  forms  (water,  carbo- 
nic acid,  and  ammonia)  which  serve  as  the  food  of  plant1?.  Of  these  Organic 
Compounds,  one  portion  (a)  is  converted  into  the  substance  of  the  living 
body,  by  a  constructive  force  which  (in  so  far  as  it  is  not  supplied  by  the 
direct  agency  of  external  heat)  is  developed  by  the  retrograde  metamor- 
phosis of  another  portion  (b)  of  the  food.  And  whilst  the  ultimate  descent 
of  the  first-named  portion  (ct)  to  the  simple  condition  from  which  it  was 
originally  drawn,  becomes  one  source  of  the  peculiarly  Animal  powers — 
the  psychical  and  the  motor — exerted  by  the  organism,  another  source  of 
these  may  be  found  in  a  like  metamorphosis  of  a  further  portion  (c)  of  the 
food  which  has  never  been  converted  into  living  tissue.  The  generative 
force,  as  in  the  Plant,  is  evidently  an  expression  of  the  ordinary  constructive 
force  ;  and  there  seems  reason,  moreover,  for  regarding  it  as  a  very  high 
expression,  its  too  rapid  expenditure  producing  a  peculiarly  depressing 
effect  upon  the  vital  power  of  the  organism,  which  tends  to  its  dissolu- 
tion.— But  whilst  we  find  the  ultimate  source  of  the  whole  vital  power 
of  the  organism  in  the  supplies  of  Food  and  of  Heat  which  it  derives  from 
external  sources,  it  must  never  be  forgotten  that  its  capacity  to  avail 
itself  of  those  supplies  depends  upon  its  Own  original  constitution ;  and 
that  as  the  form  into  which  the  germ  developes  itself  depends  upon  its 
own  specific  endowments,  so  the  particular  modification  of  that  form  pre- 
sented by  each  individual  must  depend  (all  external  conditions  being  the 
same)  upon  its  own  individual  endowments — the  differences  between 
these  being  at  present  only  vaguely  referable  to  antecedent  conditions  of 
the  parental  organism. 

*  On  these  last  points  reference  is  especially  made  to  the  experiments  of  Dr.  Edward 
Smith,  the  most  important  results  of  which  will  he  cited  hereafter. 
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CHAP  TEE  II. 

DISTINCTIVE  CHARACTERISTICS  OF  MAN. 

17.  In  entering  upon  the  study  of  that  aggregation  of  phenomena  which 
constitutes  the  Life  of  Man,  it  seems  appropriate  in  the  first  instance  to 
consider  his  relations  to  other  types  of  Animal  organization ;  and  to  ex- 
amine what  there  is  in  his  corporeal  and  psychical  characters,  which  most 
distinctly  differentiates  him  from  the  beings  he  most  nearly  resembles. 
All  Zoologists  are  agreed  that  his  place  is  at  the  head  of  the  Mammalian 
class  of  the  Vertebrate  sub -kingdom ;  and  that  as  regards  both  the 
general  plan  of  conformation  and  the  details  of  anatomical  structure,  there 
is  a  very  close  approximation  between  the  genus  Homo  and  the  semi-erect 
tail-less  Apes  belonging  to  the  genera  Troglodytes  and  Pithecus.  But 
there  is  a  considerable  difference  of  opinion  as  to  the  mode  in  which  this 
relationship  should  be  expressed.  By  Linnseus,  the  Apes  and  Man  were 
included  with  Lemurs  and  Bats  in  one  and  the  same  Order  Primates  ; 
and  in  this  non-separation  of  Man  from  the  Apes,  he  has  been  followed  by 
several  modern  Zoologists  of  great  eminence.  On  the  other  hand  Blu- 
menbach,  who  in  this  was  followed  by  Cuvier,  maintained  that  the  dis- 
tinctive characters  of  the  genus  Homo  are  sufficient  to  entitle  man  to  rank 
as  the  type  of  a  separate  Order,  to  which  he  gave  the  name  of  Bimana, 
considering  it  to  be  specially  distinguished  by  the  possession  of  two 
hands  from  the  Quadrumana,  which  possess  four  nearly  similar  hand- 
like extremities.  And  Prof.  Owen  has  recently  gone  a  step  further,  by 
raising  Homo  into  a  sub- class  Archencephala,  on  the  ground  that  his 
"  psychological  powers,  in  association  with  his  extraordinarily  developed 
brain,  entitle  the  group  which  he  represents  to  equivalent  rank  with  the 
other  primary  divisions  of  the  class  Mammalia,  founded  on  cerebral  cha- 
racters."* Although  the  discussion  of  questions  of  systematic  arrange- 
ment is  the  proper  business  of  the  Zoologist,  yet  the  inquiry  into  the 
exact  nature  and  amount  of  the  differences  between  Man  and  the 
(so-called)  Quadrumana  falls  legitimately  within  the  province  of 
the  Physiologist,  and  may  therefore  be  appropriately  dealt  with  in  this 
place.  In  the  pursuit  of  this  inquiry,  it  is  most  important  to  distin- 
guish between  those  structural  peculiarities  of  which  alone  the  Ana- 
tomist can  take  cognizance,  and  those  psychical  manifestations  of  which 
the  sources  are  altogether  beyond  his  ken;  for  these  two  orders  of 
facts  cannot  be  legitimately  brought  into  the  same  category,  and 
any  attempts  to  blend  them  can  lead  to  nothing  but  confusion. 
It  is  the  province  of  the  Comparative  Anatomist  to  deal  with  Man's 
corporeal  organism,  as  if  he  knew  nothing  more  than  the  facts  brought 
under  his  observation  in  the  dissecting-room ;  scrutinizing  every  pecu- 
liarity in  its  structure  in  exactly  the  same  spirit,  and  valuing  it  according 
to  exactly  the  same  measure,  that  he  would  bring  to  the  investigation  of 
the  peculiarities  of  some  newly-discovered  type,  known  to  him  only  by 

*  'On  the  Characters  and  Classification  of  the  Mammalia,'  in  "Journal  of  the  Pro- 
ceedings of  the  Linna;an  Society,"  vol.  ii.  1857,  p.  33. 

C 


18 


DISTINCTIVE  CHARACTERISTICS  OF  MAN. 


dead  specimens.  And  although  he  might  safely  assign  to  the  genus 
Homo  a  structural  capacity  for  the  erect  posture, — a  speciality  in  the 
conformation  of  the  anterior  and  posterior  extremities,  imparting  to  the 
former  a  peculiar  power  of  varied  and  minute  prehension,  and  fitting  the 
latter  for  biped  progression, — and  a  relatively-larger  brain,  rendering  it 
probable  that  the  psychical  faculties  of  which  it  is  the  instrument  would 
be  more  elevated  and  more  predominant, — yet  there  he  must  stop  ;  since 
he  cannot  discover  in  Man's  corporeity  the  faintest  indication  of  those  In- 
tellectual and  Moral  attributes  by  which  he  holds  himself  to  be  specially 
distinguished  from  the  brute  creation,  of  that  Progressive  Reason  which 
draws  even  the  Infinite  within  its  scope,  of  that  upward  aspiration  after 
Truth  and  Goodness  which  ranges  even  beyond  his  intellectual  con- 
ception, of  that  yearning  after  a  purely  Spiritual  existence  which  refuses 
to  recognize  in  bodily  decay  anything  but  the  liberation  of  the  imprisoned 
Soul.  These  are  facts  of  Man's  nature  not  less  necessary  to  be  taken 
into  account  in  the  estimation  of  his  position  in  the  Universe,  than 
those  which  are  supplied  by  his  bodily  organization ;  and  it  is  not  sur- 
prising that  by  a  too  exclusive  regard  to  them,  many  eminent  Naturalists, 
from  Aristotle  downwards,  have  been  led  to  maintain  that  Man  ought  not 
to  be  included  in  the  Animal  Kingdom  at  all,  but  should  be  ranked  in  a 
Kingdom  by  himself.  This,  however,  is  a  position  which  cannot  be  con- 
sistently held  by  any  one  who  recognizes  Anatomical  structure  as  the  true 
basis  of  Zoological  classification.  For  granting  that  Man  is  distinguished 
from  every  other  form  of  terrestrial  being  by  psychical  attributes  which 
bring  him  into  relation  with  Infinite  Intelligence,  he  does  not  the  less 
belong  to  the  Animal  Kingdom  in  his  present  stage  of  existence,  in  virtue 
of  his  possession  of  every  attribute  by  which  an  Animal  is  characterized, 
and  the  absence  of  any  peculiarity  whatever  in  his  organization  which  can 
be  shown  to  remove  him  from  that  category.  And  since  it  is  only  as  an 
animal  that  he  is  taken  cognizance  of  by  the  Zoologist,  it  is  only  with  his 
structural  characters  that  the  Zoologist  should  concern  himself.  In  this 
point  of  view  it  appears  to  the  author  clearly  demonstrable  that  the 
structural  distinctions  by  which  Man  is  separated  from  the  higher  Apes 
are  much  smaller  in  amount  than  those  by  which  the  latter  are  separated 
from  the  lower  Quadrumana ;  and  hence  that  the  Linnaean  association  of 
Man  and  the  Quadnimana  in  the  same  primary  group  is  much  more 
correct  than  the  ordinal  separation  of  the  Bimana  and  Quadrumana 
maintained  by  Cuvier,  and  a  fortiori  than  the  proposition  of  Prof. 
Owen  to  rank  Man  in  a  distinct  sub-class. 

18.  As  the  ordinal  separation  of  the  Bimana  from  the  Quadrumana  has 
come  to  be  generally  accepted  upon  the  authority  of  Cuvier,  it  will  be 
desirable  to  begin  by  examining  into  the  validity  of  the  characters  on 
which  it  rests ;  comparing,  in  the  first  place,  the  hand  and  the  foot  of 
Man  with  the  corresponding  extremities  of  the  higher  Apes ;  and  then 
inquiring  whether  the  differences  which  they  respectively  present,  either 
surpass  in  degree,  those  with  which  we  meet  in  a  like  comparison  between 
the  extremities  of  the  higher  Apes  and  those  of  the  lower  Monkeys,  or 
can  be  justly  held  to  depart  from  them  in  kind.  There  is  in  Man,  what 
we  observe  in  none  of  the  Mammalia  which  approach  him  in  other  respects, 
a  complete  distinction  in  the  character  of  the  anterior  and  posterior  ex- 
tremities ;  the  former  being  adapted  for  prehension  alone,  and  the  latter 


DISTINCTIVE  CHARACTERISTICS  OF  MAN. 


19 


almost  exclusively  for  support  and  progression  :  and  thus  each  function 
is  performed  with  much  greater  completeness,  than  it  can  be  when  two  such 
opposite  purposes  have  to  be  united.  "  That,"  says  Cuvier,  "  which  con- 
stitutes the  hand,  properly  so  called,  is  the  faculty  of  opposing  the  thumb 
to  the  other  fingers,  so  as  to  seize  upon  the  most  minute  objects;  a 


Fig.  1. 


Hand  of  Man,  compared  with  anterior  extremity  of  Orang. 


faculty  which  is  carried  to  its  highest  degree  of  perfection  in  Man,  in  whom 
the  whole  anterior  extremity  is  free,  and  can  be  employed  in  prehension." 
The  peculiar  prehensile  power  possessed  by  the  Hand  of  Man,  is  chiefly 
dependent  upon  the  size  and  power  of  the  thumb  ;  which  is  more 
developed  in  him,  than  it  is  in  the  highest  Apes  (Fig.  1).  The  thumb  of 
the  Human  hand  can  be  brought  into  exact  opposition  to  the  extremities 
of  all  the  fingers,  whether  singly  or  in  combination ;  whilst  -in  those 
Quadrumana  which  most  nearly  approach  man,  the  thumb  is  so  short, 
and  the  fingers  so  much  elongated,  that  their  tips  can  scarcely  be  brought 
into  opposition ;  and  the  thumb  and  fingers  are  so  weak,  that  they  can 
never  be  opposed  to  each  other  with  any  degree  of  force.  Hence,  although 
well  suited  to  cling  round  bodies  of  a  certain  size,  such  as  the  small 
branches  of  trees,  &c,  the  anterior  extremities  of  the  Quadrumana  can 
neither  seize  very  minute  objects  with  such  precision,  nor  support  large 
ones  with  such  firmness,  as  are  essential  to  the  dexterous  performance  of 
a  variety  of  operations  for  which  the  hand  of  Man  is  admirably  adapted. 
This  adaptation,  however,  is  not  obtained  by  means  of  any  new  instru- 
mentality ;  for  the  anterior  extremity  of  the  Orang  or  Chimpanzee  pos- 
sesses not  only  every  bone,  but  every  muscle,  which  is  found  in  that  of 
Man ;  and  its  only  structural  differences  consist  in  the  proportionate  deve- 
lopment of  the  several  components  of  these  organs  respectively. — But  the 
functional  powers  of  the  anterior  extremity  are  not  related  solely  to  its 
own  structure ;  since  the  use  that  can  be  made  of  the  limb  depends  in  part 
upon  its  relations  to  the  body  at  large,  the  general  conformation  of  which 
must  be  adapted  to  turn  its  special  capacity  to  advantageous  account, 
lnus  while  the  arm  of  the  higher  Apes  has  as  wide  a  range  of  motion  as 

C  2 


20 


DISTINCTIVE  CHARACTERISTICS  OF  MAN. 


that  of  Man,  so  far  as  its  articulation  is  concerned,  it  is  only  when  the 
animal  is  in  the  erect  attitude  that  the  limb  can  have  free  play.  And 
even  the  most  perfect  organization  of  the  hand  as  an  instrumental  struc- 
ture Avould  be  comparatively  valueless,  without  the  mind  by  which  its 
actions  are  prompted,  and  the  senses  by  which  they  are  guided. 

19.  The  Foot  of  Man,  in  like  manner,  differs  from  that  of  the  higher 
Apes,  in  those  characters  which  specially  adapt  it  to  the  support  of  the 
body  in  the  erect  posture,  and  to  biped  progression ;  in  which  adaptation 
it  loses  much  of  that  prehensile  power  which  the  posterior  extremities  of 
the  higher  Quadrumana  possess  almost  equally  with  their  anterior.  The 
Human  foot  is,  in  proportion  to  the  size  of  the  whole  body,  larger,  broader, 
and  stronger,  than  that  of  any  other  Mammal  save  the  Kangaroo.  Its 
plane  is  directed  at  right  angles  to  that  of  the  leg ;  and  its  sole  is  concave, 
so  that  the  weight  of  the  body  falls  on  the  summit  of  an  arch,  of  which 
the  os  calcis  and  the  metatarsal  bones  form  the  two  points  of  support. 
This  arched  form  of  the  foot,  and  the  contact  of  the  whole  plantar  surface 
with  the  ground,  are  peculiarly  noticeable  in  Man ;  most  of  the  Apes 
having  the  os  calcis  small,  straight,  and  more  or  less  raised  from  the 
ground,  which  they  touch,  when  standing  erect,  with  the  outer  side  only 
of  the  foot  (Fig.  2).  The  function  of  the  hallux,  or  great-toe,  moreover, 
is  strikingly  contrasted  in  Man  and  the  Apes  ;  for  whilst  in  the  latter  it 
is  nearly  as  opposable  as  the  thumb,  and  can  be  used  to  almost  the  same 
degree  as  an  instrument  of  prehension,  it  chiefly  serves  in  the  former  to 
extend  the  basis  of  support,  and  to  advance  the  body  in  progression.  But 
neither  in  its  osteology  nor  in  its  myology  is  there  any  essential  differ- 
ence between  the  foot  of  Man  and  the  posterior  extremity  of  the  higher 
Apes ;  for  every  bone  and  every  muscle  in  the  one  has  its  counterpart 


Fig.  2. 


Foot  of  Man,  compared  with  posterior  extremity  of  Orang. 


in  the  other ;  and  there  is  nothing  which  really  assimilates  the  posterio 
to  the  anterior  extremity  of  the  Ape,  or  entitles  the  former  to  be  con 
sidered  as  a  hand,  save  the  opposability  of  the  great-toe.  It  is  certain 
moreover,  that  this  faculty  is  not  originally  wanting  in  Man,  although  ii 


DISTINCTIVE  CHARACTERISTICS  OF  MAN. 


21 


may  be  destroyed  by  the  disuse  produced  by  the  habit  of  enclosing  the 
foot  in  rigid  investments ;  for  among  nations  by  whom  that  habit  is  not 
practised,  we  often  find  that  the  great-toe  can  be  sufficiently  opposed  to  the 
other  toes  to  render  the  foot  a  useful  instrument  of  prehension,  and  that 
many  actions  are  commonly  performed  by  its  means,  which  we  are  accus- 
tomed to  regard  as  requiring  manual  agency.  And  in  the  case  of  indivi- 
duals among  ourselves,  who  have  either  been  congenitally  deficient  in  the 
anterior  extremities,  or  who  have  subsequently  lost  them,  practice  only  has 
been  required  to  enable  the  posterior  to  be  turned  to  the  like  account. 

20.  When  the  comparison,  of  which  the  leading  points  have  now  been 
sketched,  is  extended  further,  we  meet  with  differences  that  cannot  but 
be  accounted  of  far  greater  importance,  both  in  degree  and  in  kind,  than 
those  already  enumerated.  Thus  in  the  entire  group  of  Platyrrhine 
Monkeys,  we  find  that  the  thumb  is  not  opposable,  but  ranges  with  the 
other  digits,  so  that  it  can  only  be  used  consentaneously  with  them  in 
the  act  of  prehension  ;  while  in  the  Ateles,  or  Spider  Monkey,  the  thumb 
is  altogether  wanting,  and  although  a  great-toe  is  present,  it  can  neither 
be  used  like  that  of  Man  for  support,  nor  be  opposed  to  the  other  digits 
as  in  the  higher  Quadrumana,  the  posterior  and  anterior  extremities 
being  strikingly  assimilated  in  structure,  and  being  alike  adapted  to 
serve  only  as  claspers.  Among  the  Baboons  and  Lemurs,  moreover,  we 
find  that  the  conformation  alike  of  the  anterior  and  of  the  posterior  ex- 
tremities is  such  as  to  assimilate  them  at  least  as  much  to  the  lower 
quadrupedal  as  to  the  higher  quadrumanous  type ;  so  that  between  the 
two  extremes  of  the  series  of  which  the  anthropoid  Apes  are  the  highest 
and  the  Baboons  and  Lemurs  are  the  lowest  members,  there  is  a  far 
wider  interval,  as  regards  the  conformation  of  the  extremities,  than  that 
which  separates  the  former  from  Man. 

21.  The  next  series  of  distinctive  characters  to  be  considered,  are 
those  by  which  Man  is  adapted  to  the  erect  attitude. — On  examining  his 
Cranium,  we  remark  that  the  occipital  condyles  are  so  placed,  that  a  per- 
pendicular dropped  from  the  centre  of  gravity  of  the  head  would  nearly 
fall  between  them,  so  as  to  be  within  the  base  on  which  it  rests  upon  the 
spinal  column.  The  foramen  magnum  is  not  placed  in  the  centre  of  the 
base  of  the  skull,  but  just  behind  it ;  so  that  the  greater  specific  gravity 
of  the  posterior  part  of  the  head,  which  is  entirely  filled  with  solid  matter, 
is  compensated  by  the  greater  length  of  the  anterior  part,  which  contains 
many  cavities.  There  is,  indeed,  a  little  over-compensation,  which  gives 
a  slight  preponderance  to  the  front  of  the  head,  so  that  it  drops  forwards 
and  downwards  when  all  the  muscles  are  relaxed  ;  but  the  muscles  at- 
tached to  the  back  of  the  head  are  far  larger  and  more  numerous  than 
those  in  front  of  the  condyles,  so  that  they  are  evidently  intended  to 
counteract  this  disposition ;  and  we  accordingly  find  ourselves  able  to 
keep  up  the  head  for  the  whole  day  with  so  slight  and  involuntary  an 
effort  that  no  fatigue  is  produced  by  it.  Moreover,  the  plane  of  the  foramen 
magnum  and  the  surfaces  of  the  condyles  have  a  nearly  horizontal  direc- 
tion when  the  head  is  upright ;  and  thus  the  weight  of  the  skull  is  laid 
vertically  upon  the  top  of  the  vertebral  column. — If  these  arrangements 
be  compared  with  those  which  prevail  in  other  Mammalia,  it  will  be 
tound  that  the  foramen  and  condyles  are  placed  in  the  latter  much  nearer 
the  back  of  the  head,  and  that  their  plane  is  more  oblique.  Thus, 
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whilst  the  foramen  magnum  is  situated  in  Man  just  behind  the  centre 
of  the  base  of  the  skull,  it  is  found  in  the  Chimpanzee  and  Orang  Outan 
to  occupy  the  middle  of  the  posterior  third  (Fig.  3);  and,  as  we  descend 
through  the  scale  of  Mammalia,  we  observe  that  it  gradually  approaches 
the  back  of  the  skull,  and  at  last  comes  nearly  into  the  line  of  its  longest 
diameter,  as  we  see  in  the  Horse.  Again,  in  all  Mammalia  except  Man, 
the  plane  of  the  condyles  is  oblique,  so  that,  even  if  the  head  were  equally 
balanced  upon  them,  the  force  of  gravity  would  tend  to  carry  it  forwards 
and  downwards ;  in  Man,  the  angle  which  they  make  with  the  horizon 


Fig.  3. 


View  of  the  base  of  the  Skull  of  Man,  compared  with  that  of  the  Orang  Outan. 


is  very  small;  in  the  Orang  Outan,  it  is  as  much  as  37°;  and  in  the 
Horse,  their  plane  is  vertical,  making  the  angle  90°.  If,  therefore,  the 
natural  posture  of  Man  were  horizontal,  the  plane  of  his  condyles  would 
be  brought,  Uke  that  of  the  Horse,  into  the  vertical  position ;  and  the 
head,  instead  of  being  nearly  balanced  on  the  summit  of  the  vertebral 
column,  would  hang  at  the  end  of  the  neck,  so  that  its  whole  weight 
would  have  to  be  supported  by  some  external  and  constantly-acting  power. 
But  for  this,  there  is  neither  in  the  skeleton,  the  ligamentous  apparatus, 
nor  the  muscular  system  of  Man,  any  adequate  provision  ;  so  that  in  any 
other  than  the  vertical  position,  his  head,  which  is  relatively  heavier  than 
that  of  most  Mammalia,  would  be  supported  with  more  difficulty  and 
effort  than  it  is  in  any  other  animal. 

22.  The  position  of  the  Face  immediately  beneath  the  brain,  so  that 
its  front  is  nearly  in  the  same  plane  as  the  forehead,  is  peculiarly  charac- 
teristic of  Man ;  for  in  the  skulls  of  the  Chimpanzee  and  Orang,  which 
approach  nearest  to  that  of  Man,  the  cranial  portions  are  rather  posterior 
to,  than  above,  the  facial  (Figs.  4,  7).  The  projection  of  the  muzzle, 
taken  in  connection  with  the  obliquity  of  the  condyles,  is  another  evi- 
dence of  want  of  perfect  adaptation  to  the  erect  posture ;  whilst  the 
absence  of  prominence  in  the  lace  of  Man  shows  that  none  but  the  erect 
position  can  be  natural  to  him.  For  supposing  that,  with  a  head  formed 
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and  situated  as  at  present,  he  were  to  move  on  all-fours,  his  face  would 
be  brought  into  a  plane  parallel  with  the  ground ;  so  that  as  painful  an 
effort  would  be  required  to  examine  with  the  eyes  an  object  placed  in 
front  of  the  body,  as  is  now  necessary  to  keep  the  eyes  fixed  on  the 
zenith ;  the  nose  would  then  be  incapacitated  from  receiving  any  other 
odorous  emanations  than  those  proceeding  from  the  earth  or  from  the 
body  itself;  and  the  mouth  could  not  touch  the  ground  without  bringing 
the  forehead  and  chin  also  into  contact  with  it.  The  oblique  position  of 
the  condyles  in  the  Quadrumana  enables  them,  without  much  difficulty, 
to  adapt  the  inclination  of  their  heads  either  to  the  horizontal  or  to  the 
erect  posture  ;  but  the  natural  position,  in  the  highest  among  them,  is 
unquestionably  one  in  which  the  spinal  column  is  inclined,  the  body 
being  partially  thrown  forwards  so  as  to  rest  upon  the  anterior  extremi- 
ties; and  in  this  position,  the  face  is  directed  forwards  without  any 
effort,  owing  to  the  mode  in  which  the  head  is  obliquely  articulated  with 
the  spine  (Fig.  7). 

23.  The  Cranium  of  Man  is  further  distinguished  from  that  of  the 
anthropoid  Apes,  not  merely  by  its  great  capacity,  but  also  by  its 
smoothness  ;  its  surface  being  almost  entirely  deficient  in  those  ridges 
for  the  attachment  of  muscles,  which  are  remarkably  strong  in  both  the 
Chimpanzee  and  the  Orang,  and  which  impart  to  its  configuration  some- 
what of  a  carnivorous  aspect.  This  aspect  is  strengthened  by  the  great 
depth  of  the  temporal  fossa,  and  by  the  extent  and  strength  of  the  zygo- 
matic arch  ;  features  that  are  most  remarkably  developed  in  the  Troglo- 
dytes gorilla  (Fig.  7).  Moreover,  the  jaws  in  even  the  most  degraded 
races  of  Man  project  far  less  from  the  general  plane  of  the  face,  than 
they  do  in  the  Apes ;  and  his  teeth  are  arranged  in  a  continuous  series, 
without  any  hiatus  or  any  considerable  difference  in  length  ;  whilst  all 
the  Apes,  in  their  adult  state  at  least,  are  furnished  with  canine  teeth  of 
extraordinary  length,  between  the  sockets  of  which  and  those  of  the  ad- 
joining teeth  (anteriorly  in  the  upper  jaw,  and  posteriorly  in  the  lower,) 
there  is  a  vacant  space  or  '  diastema.'  Even  in  the  most  prognathous 
Human  skulls,  moreover,  the  incisors  meet  each  other  much  more  nearly 
in  the  same  axis  than  they  do  in  the  anthropoid  Apes,  in  which  they  form 
an  angle  with  each  other  that  is  not  nearly  so  divergent.  The  fusion  of  the 
intermaxillary  or  premaxillary  bones  with  the  superior  maxillary,  at  an 
early  period  of  foetal  life,  is  a  remarkable  character  of  the  Human 
cranium,  as  distinguishing  it  from  that  of  the  Apes,  in  which  the  inter- 
maxillary bones  remain  separate  to  a  much  later  period,  sometimes 
differing  also  very  considerably  both  in  size  and  shape.  Thus,  in  the 
Troglodytes  gorilla,  these  bones  are  not  only  remarkable  for  their  promi- 
nence, but  also  for  their  upward  extension  round  the  nostrils,  so  that  they 
completely  exclude  the  maxillary  bones  from  their  borders,  and  from  the 
basis  of  support  for  the  nasal  bones ;  and  although  they  coalesce  with  the 
maxillaries  at  and  near  the  alveolar  portion,  they  remain  separate  else- 
where. The  lower  jaw  of  Man  is  remarkable  for  that  prominence  at  its 
symphysis  which  forms  the  chin ;  and  although  this,  also,  is  least  developed 
in  the  most  prognathous  Human  crania,  yet  it  is  never  so  deficient  as  it  is 
in  the  lower  jaw  of  the  Chimpanzee  and  Orang. — It  is  curious  to  observe 
that  the  skulls  of  the  young  of  Man  and  of  the  anthropoid  Apes  resemble 
one  another  much  more  than  do  those  of  the  adults ;  each  tending  to 
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diverge,  in  its  advance  towards  full  development,  from  a  type  which  seemed 
almost  similar  in  both  (Figs.  4,  5,  6).  It  is  at  the  time  of  the  second  denti- 
tion, that  the  muzzle  of  the  anthropoid  Apes  acquires  its  peculiar  elonga- 
tion and  consequent  projection  in  front  of  the  forehead  (Pigs  3,  4);  and  the 
whole  cast  of  the  features  is  altered  at  the  same  time,  so  that  it  approaches 
much  more  to  that  of  the  lower  Quadrumana  than  would  be  supposed 
from  observation  of  the  young  animal  only.*  In  the  Human  subject,  on  the 
other  hand,  we  see  that  although  in  the  advance  from  childhood  to  adult 


Fig.  4  Fig.  5. 


Vertical  section  of  Skull  of  Adult  Orang.  Vertical  section  of  Skull  of  Young  Orong. 


Fig.  6. 


Vertical  section  of  Skull  of  ^apuan^Jfegriio. 


age,  there  is  a  progressive  enlargement  of  the  face  in  proportion  to  the 
capacity  of  the  cranial  cavity,  this  augmentation  is  comparatively  small  in 
amount,  and  but  little  affects  the  general  configuration  of  the  cranium.f 

*  None  but  young  specimens  of  the  Chimpanzee  and  Orang  Outan  have  ever  been 
brought  alive  to  this  country  ;  and  they  have  never  long  survived  the  period  of  their 
second  dentition.  . 

t  See  Prof.  Owen's  Papers  on  the  Anatomy  of  the  Orang  and  Chimpanzee,  in  the 
"  Zoological  Transactions,  vols.  i.  and  in. ;  and  Prof.  Vrolik  in  the  Art.  Quadrumana 
in  the  "Cycloptedia  of  Anatomy  and  Physiology,"  vol.  iv. 
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24.  The  great  size  of  the  cranial  portion  of  the  skull  in  Man,  as  com- 
pared with  the  facial,  produces  a  marked  difference  between  his  '  facial 
angle'  and  that  of  even  the  highest  Quadrumana.  According  to  Camper, 
who  first  applied  this  method  of  measurement,  the  '  facial  angle'  of  the 
average  of  European  skulls  is  80°,  whilst  in  the  ideal  heads  of  the  Grecian 
gods  it  is  increased  to  90° ;  on  the  other  hand,  in  the  skull  of  a  Kalmuck 
he  found  it  to  be  75°,  and  in  that  of  a  Negro  only  70°  ;  and  applying  the 
same  system  of  measurement  to  the  skulls  of  Apes,  he  found  them  to 
range  from  64°  to  60°.  But  these  last  measurements  were  all  taken 
from  young  skulls,  in  which  the  forward  extension  of  the  jaws,  which 
takes  place  on  the  second  dentition,  had  not  yet  occurred.  In  the  adult 
Chimpanzee,  as  Prof.  Owen  has  shown,  the  'facial  angle'  (Figs.  4,  5,  6, 
a  o  r)  is  no  more  than  35°,  and  in  the  adult  Orang  only  30°;  so  that 
instead  of  the  Negro  being  nearer  to  the  Ape  than  to  the  European,  as 
Camper's  estimate  would  make  him,  the  interval  between  the  most  de- 
graded Human  races  and  the  most  elevated  Quadrumana,  is  considerably 
greater  than  between  the  highest  and  the  lowest  forms  of  Humanity.  It 

4  must  be  borne  in  mind,  however,  that  the  1  facial  angle'  is  so  much  affected 
by  the  degree  of  prominence  of  the  jaws,  that  it  can  never  afford  any  cer- 
tain information  concerning  the  elevation  of  the  forehead  and  the  capacity 
of  the  cranium ;  all  that  it  can  in  any  degree  serve  to  indicate,  being  the 
relative  proportion  between  the  facial  and  the  cranial  parts  of  the  skull. 
This  proportion  is  far  more  correctly  determined,  as  Prof.  Owen  has 
shown,*  by  vertical  sections  of  the  skulls  to  be  compared,  through  their 
median  planes  (Figs.  4,  5,  6);  and  from  an  extended  comparison  of  such 
sections,  it  appears  that  whilst  the  difference  between  the  cranial  cavity 
of  the  higher  Apes  and  that  of  Man  is  rather  one  of  relative  size  than  of 
conformation,  there  is  a  far  more  strongly -marked  difference,  not  only  in 
relative  size  but  also  in  conformation,  between  the  cranial  cavities  of  the 
higher  and  those  of  the  lower  Quadrumana,  the  latter  being  not  only  far 
less  capacious  in  proportion  to  the  size  of  the  body,  but  being  also  dis- 
posed in  such  a  manner  that  its  long  diameter  comes  to  be  continuous 
(as  in  Quadrupeds  generally)  with  the  axis  of  the  spinal  canal,  instead  of 
crossing  it  nearly  at  right  angles  as  in  Man. 

25.  The  Vertebral  Column  in  Man,  although  not  absolutely  straight,  has 
its  curves  so  arranged,  that,  when  the  body  is  in  an  erect  posture,  a  ver- 
tical line  from  its  summit  would  fall  exactly  on  the  centre  of  its  base.  It 
increases  considerably  in  size  in  the  lumbar  region,  so  as  altogether  to  be 
somewhat  pyramidal  in  form.  The  lumbar  portion  in  the  Chimpanzee 
and  Orang  is  not  of  the  same  proportional  strength,  and  contains  but  four 
vertebrae  instead  of  five.  The  processes  for  the  attachment  of  the  dorso- 
spmal  muscles  to  this  part  are  peculiarly  large  and  strong  in  Man ;  and 
this  arrangement  is  obviously  adapted  to  overcome  the  tendency  which 
the  weight  of  the  viscera  in  front  of  the  column  would  have  to  draw  it 
forwards  and  downwards.  On  the  other  hand,  the  spinous  processes 
of  the  cervical  and  dorsal  vertebras,  which  in  other  Mammalia  are  large 
and  strong  for  the  attachment  of  the  ligaments  and  muscles  that  support 
the  head,  and  which  are  peculiarly  pronounced  in  the  Gorilla  (Fig.  7), 
have  comparatively  little  prominence  in  Man,  his  head  being  nearly 
balanced  on  the  top  of  the  column. — The  base  of  the  Human  vertebral 

*  "  Zoological  Transactions,"  vol.  iv.  p.  77  et  seq. 
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column  is  placed  on  a  sacrum  of  greater  proportional  breadth  than  that 
of  any  other  animal;  this  sacrum  is  fixed  between  two  widely-expanded 
ma ;  and  the  whole  pelvis  is  thus  peculiarly  broad.  In  this  manner,  the 
femoral  articulations  are  thrown  very  far  apart,  so  as  to  give  a  wide 
basis  of  support ;  and  by  the  oblique  direction  of  the  pelvis,  the  weight 
of  the  body  is  transmitted  almost  vertically  from  the  top  of  the  sacrum  to 
the  upper  part  of  the  thigh-bones.    The  pelvis  of  the  anthropoid  Apes 

Fig.  7. 


Skeleton  of  Troglodyte/  Gorilla. 


is  very  differently  constructed;  as  will  be  seen  in  the  adjoining  Plate, 
in  which  the  skeleton  of  the  Orang  is  placed  in  proximity  with  that  of 
Man.  It  is  much  larger  and  narrower  ;  its  alse  extend  upwards  rather 
than  outwards,  so  that  the  space  between  the  lowest  ribs  and  the  crest  of 
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the  iliac  bones  is  much  less  than  in  Man ;  their  surfaces  are  nearly 
parallel  to  that  of  the  sacrum,  which  is  itself  longer  and  narrower ;  and  the 
axis  of  the  pelvis  is  nearly  parallel  with  that  of  the  vertebral  column.  The 
position  of  the  Human  femur  in  which  its  head  is  most  securely  retained  in 
its  deep  acetabulum,  is  that  which  it  has  when  supporting  the  body  in  the 
erect  attitude ;  in  the  Chimpanzee  and  Orang  its  analogous  position  is  at 
an  oblique  angle  to  the  long  axis  of  the  pelvis,  so  that  the  body  leans 
forwards  in  front  of  it  (Fig.  7) ;  in  many  Mammalia,  as  in  the  Elephant, 
it  forms  nearly  a  right  angle  with  the  vertebral  column  ;  and  in  several 
others,  as  the  Horse,  Ox,  &c.  the  angle  which  it  makes  with  the  axis  of 
the  pelvis  and  vertebral  column  is  acute.  In  these  respects,  then,  the 
skeleton  of  Man  presents  an  adaptation  to  the  erect  posture,  which  is  ex- 
hibited by  that  of  no  other  Mammal ;  but  that  of  the  anthropoid  Apes 
presents  a  far  nearer  approximation  to  the  Human  model  in  all  the  fore- 
going particulars,  than  it  does  to  that  of  the  lower  Quadrumana. 

26.  There  is  a  considerable  difference  in  the  form  of  the  trunk,  between 
Man  and  most  other  Mammalia ;  for  his  thorax  is  expanded  laterally,  and 
flattened  in  front,  so  as  to  prevent  the  centre  of  gravity  from  being  carried 
too  far  forwards ;  and  his  sternum  is  short  and  broad.  Between  the  bony 
walls  of  the  thorax  and  the  margin  of  the  pelvis,  a  considerable  space 
intervenes,  which  is  occupied  solely  by  muscles  and  tegumentary  mem- 
branes ;  and  these  would  be  quite  insufficient  to  sustain  the  weight  of  the 
viscera,  if  the  habitual  position  of  the  trunk  had  been  horizontal. — In 
these  particulars,  however,  the  most  anthropoid  Apes  agree  more  or  less 
completely  with  Man. 

27.  The  lower  extremities  of  Man  are  remarkable  for  their  relative 
length,  which  is  greater  than  that  which  we  find  in  any  other  Mammalia, 
except  the  Kangaroo  tribe.  The  chief  difference  in  their  proportions  be- 
tween Man  and  the  semi-erect  Apes,  is  seen  in  the  thigh ;  and  it  is  from 
the  relative  length  of  this  part  in  him,  as  well  as  from  the  comparative 
shortness  of  his  anterior  extremities,  that  his  hands  only  reach  the  middle 
of  his  thighs,  whilst  in  the  Chimpanzee  they  hang  on  a  level  with  the 
knees  (Fig.  7),  and  in  the  Orang  they  descend  to  the  ankles  (Plate). 
The  Human  femur  is  distinguished,  however,  by  its  form  and  position,  as 
well  as  by  its  length.  The  obliquity  and  length  of  its  neck  still  further 
increase  the  breadth  of  the  hips ;  whilst  they  cause  the  lower  extremi- 
ties of  the  femora  to  be  somewhat  obliquely  directed  towards  each  other, 
so  that  the  knees  are  brought  more  into  the  line  of  the  axis  of  the  body. 
This  arrangement  is  obviously  of  great  use  in  facilitating  the  purely  biped 
progression  of  Man,  in  which  the  entire  weight  of  the  body  has  to  be 
alternately  supported  on  each  limb  ;  for  if  the  knees  had  been  kept  further 
apart,  the  whole  body  must  have  been  swung  from  side  to  side  at  each  step, 
80  as  to  bring  the  centre  of  gravity  over  the  top  of  each  tibia ;  as  is  seen 
to  a  certain  extent  in  the  female  sex,  whose  walk,  owing  to  the  greater 
breadth  of  the  pelvis  and  the  separation  between  the  knees,  is  less  steady 
than  that  of  the  male.  There  is  also  a  marked  difference  between  the 
knee-joint  of  Man,  and  that  of  even  the  highest  Apes.  In  the  former,  the 
opposed  extremities  of  the  femur  and  the  tibia  are  so  expanded  as  to  pre- 
sent a  very  broad  articulating  surface,  and  the  internal  condyle  of  the 

mur  being  the  longer  of  the  two,  the  two  condyles  are  in  the  same  hori- 
zontal plane  in  the  usual  oblique  position  of  that  bone ;  so  that  by  this 
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arrangement  the  whole  weight  of  the  body,  in  its  erect  posture,  falls  ver- 
tically on  the  top  of  the  tibia,  when  the  joint  is  in  the  firmest  position  in 
which  it  can  be  placed.  The  knee-joint  of  the  Orang,  on  the  other  hand, 
is  comparatively  deficient  in  extent  of  articulating  surface  ;  and  its  whole 
conformation  indicates  that  it  is  not  intended  to  serve  as  more  than  a 
partial  support. — In  regard  to  the  general  conformation  of  the  bones  of 
the  extremities,  it  may  be  most  explicitly  affirmed  that  the  differences 
which  undoubtedly  exist  between  Man  and  the  anthropoid  Apes  are  much 
less  considerable  than  those  which  present  themselves  between  the  latter 
and  those  Baboons  and  Lemurs  whose  ordinary  mode  of  progression  is 
quadrupedal.  And  thus,  after  contrasting  one  part  after  another  of  the 
skeleton  of  Man  with  the  corresponding  parts  of  the  skeleton  of  the  higher 
Apes,  we  are  led  in  every  instance  to  the  same  conclusion.  It  is  quite 
true  that  between  Man  and  those  Apes  which  approach  him  most  closely, 
there  is  a  wider  hiatus  than  we  usually  meet  with  between  the  members 
of  the  Quadrumanous  series,  which  as  a  whole  presents  a  remarkably  gra- 
dational  position  between  its  higher  and  lower  forms ;  and  the  existence 
of  this  hiatus  has  been  used  as  an  argument  for  ranking  Man  in  a  dis- 
tinct Order.  But  since,  as  we  ascend  that  series,  we  witness  a  gradual 
tendency  towards  the  anthropoid  form,  and  since  in  passing  from  the 
highest  Apes  to  Man  we  only  come  somewhat  abruptly  upon  the  culmina- 
tion of  that  ascent  without  being  led  off  in  any  other  direction,  it  would 
be  contrary  to  the  whole  idea  of  Zoological  classification  to  place  Man  in 
a  distinct  category  from  them  as  regards  his  corporeal  structure,  what- 
ever we  may  think  it  right  to  do  when  we  take  his  psychical  constitu- 
tion into  account.*  And  it  is  to  be  borne  in  mind  that  this  hiatus — 
like  many  similar  gaps  in  our  classification  of  existing  animals  which  have 
been  filled  up  by  the  progress  of  jDalgeontological  research — may  be  simply 
due  to  that  extinction  of  intermediate  forms  which  (there  is  constantly 
increasing  reason  to  believe)  has  taken  place  in  past  ages  of  the  Earth's 
history,  to  an  extent  of  which  the  remains  hitherto  known  to  us  afford 
but  a  very  imperfect  idea.  That  it  may  not  be  completely  bridged-over 
by  such  intermediate  links,  no  one  has  any  right  to  affirm  upon  negative 
evidence  only  ;  more  especially  in  the  face  of  the  positive  evidence 
afforded  by  the  recent  discovery  of  a  very  remarkable  fragment  of  a 
skull,  which,  while  unquestionably  Human,  resembled  that  of  the  Gorilla 
in  the  comparative  lowness  of  its  vault,  the  smallness  of  its  capacity, 
and  the  extraordinary  prominence  of  its  superciliary  ridges. f 

28.  The  most  characteristic  peculiarity  of  the  Human  Myology,  is  the 
great  development  of  those  muscles  of  the  trunk  and  limbs,  which  con- 
tribute to  the  maintenance  of  the  erect  posture.  Thus,  thegastrocnemii, 
and  the  other  muscles  which  tend  to  keep  the  leg  erect  upon  the  foot, 
form  a  much  more  prominent  £  calf'  than  is  seen  either  in  the  most 
anthropoid  Apes,  or  in  any  other  animal.  So,  again,  the  extensors  of  the 
leg  upon  the  thigh  are  much  more  powerful  than  the  flexors ;  a  character 

*  We  meet  with  a  similarly  abrupt  transition  at  the  other  extremity  of  the  series,  in 
the  Cheiromys  or  Aye-aye  ;  an  animal  which  Zoologists  now  agree  to  rank  among  the 
Quadrumana  in  virtue  of  its  general  Lemurine  affinities,  although  in  dentition  and 
several  other  particulars  it  hears  so  strong  a  resemblance  to  the  Rodents  as  to  have 
been  placed  among  them  by  Cuvier. 

f  See  "  Natural  History  Review,"  vol.  i.  1861,  p.  155  ;  and  Prof.  Huxley  '  On  some 
Fossil  Remains  of  Man,'  in  his  "  Evidence  as  to  Man's  Place  in  Nature,"  1863. 
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which  is  peculiar  to  Man.  The  glutasi,  by  which  the  pelvis  is  kept  erect 
upon  the  thigh,  are  of  far  greater  size  than  is  elsewhere  seen.  The 
superior  power  of  the  muscles  tending  to  draw  the  head  and  spine  back- 
wards, has  been  already  referred-to.  Among  the  differences  in  the  attach- 
ment of  individual  muscles,  it  may  be  noticed  that  the  '  flexor  longus  pollicis 
pedis'  proceeds  in  Man  to  the  great  toe  alone,  on  which  the  weight  of  the 
body  is  often  supported ;  whilst  it  is  attached  in  the  Chimpanzee  and 
Orang  to  the  three  middle  toes  also.  The  '  latissimus  dorsi'  is  destitute  in 
Man  of  that  prolongation  attached  to  the  olecranon,  which  is  found  in 
the  lower  Mammalia,  and  which  exists  even  in  the  Chimpanzee,  probably 
giving  assistance  in  its  climbing  operations.  The  larger  size  of  the  muscles 
of  the  thumb,  is,  as  might  be  expected,  a  characteristic  of  the  hand  of 
Man ;  although  the  number  of  muscles  by  which  that  digit  is  moved,  is  the 
same  in  the  Chimpanzee  as  in  the  Human  subject.  The  separation  of  the 
f  extensor  digiti  indicis,'  however,  as  a  distinct  muscle,  is  peculiar  to  Man. 

29.  The  Visceral  apparatus  of  Man  presents  very  few  characteristic 
peculiarities,  by  which  it  can  be  distinguished  from  that  of  the  higher 
Quadrumana ;  among  the  most  remarkable  is  the  absence  of  the  laryngeal 
pouches,  which  exist  even  in  the  Chimpanzee  and  Orang  Outan,  as  dila- 
tations of  the  laryngeal  ventricles.  Of  the  anatomy  of  the  last-named 
animals  in  their  adult  condition,  however,  we  know  as  yet  too  little  to 
enable  its  conformity  to  that  of  Man  to  be  confidently  pronoun ced-upon. 

30.  The  Brain  of  Man  does  not  differ  so  much  in  conformation  from 
that  of  the  Chimpanzee  and  Orang,  as  the  superiority  of  his  mental 
endowments  might  have  led  us  to  anticipate.  The  following  are  the 
principal  differences  which  it  seems  to  present: — 1.  The  mass  of  the 
entire  brain  is  considerably  larger  in  proportion  to  that  of  the  body,  and 
in  proportion  also  to  the  diameter  of  the  spinal  cord  and  of  the  nerves 
which  are  connected  with  it. — 2.  In  the  external  configuration  of  the 
Cerebrum,  we  notice  that  its  anterior  lobes  project  further  beyond  the 
Rhinencephalon,  or  Olfactive  Ganglion,  than  they  do  in  the  highest 
Quadrumana  ;  a  difference  which  is  well  marked  in  the  sectional  contour 
of  the  brain-case,  the  rhinencephalic  fossa  of  the  Orang  (Fig.  4,  rh)  being 
at  its  most  anterior  part ;  whilst  even  in  the  least  elevated  forms  of  the 
Human  skull,  this  fossa  (of  which  the  cribriform  plate  of  the  ethmoid 
bone  constitutes  the  floor)  has  no  inconsiderable  part  of  the  cranial  cavity 
in  front  of  it  (Fig.  6,  rh). — 3.  The  posterior  lobes  also  are  more  developed, 
so  as  to  project  further  beyond  the  Cerebellum  than  they  do  in  the 
Quadrumana  generally. — 4.  The  Convolutions  are  more  numerous  and 
complex,  and  usually  more  or  less  unsymmetrical,  and  the  sulci  are 
deeper.  It  appears,  however,  that  in  the  lower  races  of  Mankind,  the 
brain  presents,  both  in  the  simplicity  and  the  precise  symmetry  of  its 
convolutions,  a  much  closer  approximation  to  the  Quadrumanous  type 
than  it  does  in  the  higher. — 5.  On  examining  the  internal  structure,  it 
is  found  that  the  peripheral  layer  of  grey  matter  is  thicker,  the  corpus 
callosum  extends  further  backwards,  and  the  posterior  cornua  of  the 
lateral  ventricles  are  relatively  longer  and  larger  than  they  usually  are 
in  Quadrumana.* — 6.  The  Cerebellum,  also,  is  proportionally  larger. 

*  It  has  been  recently  asserted  by  Prof.  Owen  ("  Journal  of  the  Proceedings  of  the 
Linnaean  Society,"  vol.  ii.  p.  19)  that  the  existence  of  the  posterior  lobes  of  the 
Cerebrum,  of  the  posterior  cornua  of  the  lateral  ventricles,  and  of  the  hippocampus 
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81.  The  small  size  of  the  face  of  Man,  compared  with  that  of  the 
cranium,  is  an  indication  that  in  him  the  senses  are  subordinate  to  the 
intelligence.  Accordingly  we  find  that  while  he  is  surpassed  by  many  of 
the  lower  animals  in  acuteness  of  sensibility  to  light,  sound,  &c.,  he  stands 
pre-eminent  in  the  power  of  comparing  and  judging  of  his  sensations,  and 
of  thence  drawing  conclusions  as  to  their  objective  sources.  Moreover, 
although  none  of  his  senses  are  very  acute  in  his  natural  state,  they  are 
all  moderately  so ;  and  they  are  capable  of  being  wonderfully  improved 
by  practice,  when  circumstances  strongly  call  for  their  exercise.  This 
seems  especially  the  case  with  the  tactile  sense,  of  which  Man  can  make 
greater  use  than  any  other  animal,  in  consequence  of  the  entire  freedom 
of  his  anterior  extremities;  although  there  are  many  which  surpass  him  in 
their  power  of  appreciating  certain  classes  of  tactile  impressions. — So, 
again,  Man's  nervo-muscular  power  is  inferior  to  that  of  most  other 
animals  of  his  size :  the  full-grown  Orang,  for  example,  surpasses 
him  both  in  strength  and  agility ;  and  the  Gorilla,  according  to  the 
statements  of  the  Negroes  who  have  encountered  it,  is  more  than  a  match 
for  any  single  man,  and  is  almost  certain  to  destroy  any  human  opponent 
once  within  his  grasp. — The  absence  of  any  natural  weapons  of  offence, 
and  of  direct  means  of  defence,  are  remarkable  characteristics  of  Man,  and 
distinguish  him  not  only  from  the  lower  Mammalia,  but  also  from  the 
most  anthropoid  Apes ;  in  which  it  is  obvious  (both  from  their  habits  and 
general  organization)  that  the  enormous  canines  have  no  relation  to  a 
carnivorous  regimen,  but  are  instruments  of  warfare.  On  those  animals 
to  which  Nature  has  denied  weapons  of  attack,  she  has  bestowed  special 
means  either  of  passive  defence,  of  concealment,  or  of  flight ;  in  each  of 
which  Man  is  relatively  deficient.  Yet  by  the  superiority  of  his  reason 
he  has  been  enabled  not  only  to  resist  the  attacks  of  other  animals,  but 
even  to  bring  them  into  subjection  to  himself.  His  intellect  can  scarcely 
suggest  the  mechanism  which  his  hands  cannot  frame ;  and  he  has  de- 
vised and  constructed  arms  more  powerful  than  those  which  any  creature 
wields,  and  defences  so  secure  as  to  defy  the  assaults  of  all  but  his 
fellow-men. 

32.  Man  is  further  remarkable  for  his  extraordinary  power  of  adapta- 
tion to  varieties  in  external  condition,  which  renders  him  to  a  great 
extent  independent  of  them.  He  is  capable  of  sustaining  the  highest  as 
well  as  the  lowest  extremes  of  temperature  and  of  atmospheric  pressure. 
In  the  former  of  these  particulars,  he  is  strikingly  contrasted  with  the 
anthropoid  Apes ;  the  Gorilla  and  Chimpanzee  being  restricted  to  the 
hottest  parts  of  Africa,  and  the  Orang  Outan  to  the  tropical  portions  of 
the  Indian  Archipelago ;  and  neither  of  these  animals  being  capable  of 
living  in  temperate  climates  without  the  assistance  of  artificial  heat,  even 
with  the  aid  of  which  they  have  not  hitherto  long  survived  their  second 
dentition.    So,  again,  although  Man's  diet  seems  naturally  of  a  mixed 

minor  which  projects  into  each  cornu,  is  peculiar  to  the  genus  Homo.  How  strangely 
inconsistent  is  this  assertion  with  the  well-known  and  certainly-ascertained  facts  of  the 
case,  has  heen  conclusively  shown  by  Prof.  Huxley  in  his  Memoir  '  On  the  Zoological 
Relations  of  Man  with  the  Lower  Animals,'  in  the  "Natural  History  Review,']  Jan. 
1861,  p.  71  et  seq. ;  and  the  chief  points  of  the  controversy  have  since  been  succinctly 
stated  in  his  "Evidence  as  to  Man's  Place  in  Nature,"  1863.  For  an  excellent 
description  of  the  Convolutions  of  the  Human  Cerebrum,  see  W.  Turner,  "  Ed.  Med. 
Journ."  June,  1866. 
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character,  he  can  support  himself  in  health  and  strength  either  on  an  ex- 
clusively vegetable  diet  or  on  an  almost  exclusively  animal  regimen. 

33.  The  slow  growth  of  Man,  and  the  length  of  time  during  which  he 
remains  in  a  state  of  dependence,  are  peculiarities  that  remarkably  dis- 
tinguish him  from  all  other  animals.  He  is  unable  to  obtain  his  own 
food  during  at  least  the  first  three  years  of  his  life ;  and  he  does  not 
attain  to  his  full  bodily  stature  and  mental  capacity  until  he  is  more  than 
twenty  years  of  age.  This  retardation  of  the  developmental  process 
seems  to  have  reference  to  the  high  grade  which  it  is  ultimately  to  attain ; 
for  everywhere,  throughout  the  Organized  Creation,  do  we  observe  that 
the  most  elevated  forms  are  those  which  go  through  the  longest  pre- 
paratory stages,  and  of  which  the  evolution  is  most  dependent  upon  the 
assistance  afforded  by  the  parental  organism  during  its  earlier  periods. 
The  peculiar  prolongation  of  this  state  of  dependence  in  the  Human 
species,  has  a  most  important  and  evident  effect  upon  the  social  condition 
of  the  race ;  being,  in  fact,  the  chief  source  of  family  ties,  and  affording 
the  opportunity  for  those  processes  of  education,  direct  and  indirect,  which 
transmit  to  the  rising  generation  the  influence  of  the  intellectual  culture 
and  moral  training  of  the  past. 

34.  Still,  however  widely  Man  may  be  distinguished  from  other  animals 
by  these  and  other  particulars  of  his  structure  and  economy,  he  is  yet 
more  distinguished  by  those  mental  endowments,  and  by  the  habitudes  of 
life  and  action  thence  resulting,  which  must  be  regarded  as  the  essential 
characteristics  of  Humanity.  It  is  in  adapting  himself  to  the  conditions 
of  his  existence,  in  providing  himself  with  food,  shelter,  weapons  of  attack 
and  defence,  &c,  that  Man's  intellectual  powers  are  first  called  into  active 
operation ;  but  when  thus  aroused,  their  development  has  no  assignable 
limit.  The  Will,  guided  by  the  intelligence,  and  acted-on  by  the  desires 
and  emotions,  takes  the  place  in  Man  of  the  Instinctive  propensities  which 
are  usually  the  immediate  springs  of  action  in  the  lower  animals ;  for 
although,  among  the  most  elevated  of  these,  a  high  amount  of  Intelligence 
is  exhibited,  yet  its  operations  seem  to  be  always  directly  attributable  to 
external  suggestions,  present  or  remembered ;  and  the  character  never 
rises  beyond  that  of  the  child.  In  fact,  the  correspondence  between  the 
psychical  endowments  of  the  Chimpanzee,  and  those  of  a  Child  of  three 
years  old  who  has  not  yet  begun  to  speak,  is  very  close. — One  of  the  most 
important  aids  in  the  use  and  development  of  the  Human  mind,  is  the 
capacity  for  articulate  speech ;  of  which,  so  far  as  we  know,  Man  is  the  only 
animal  in  possession.  There  is  no  doubt  that  many  other  species  have  cer- 
tain powers  of  communication  between  individuals ;  but  these  are  probably 
very  limited,  and  of  a  kind  more  allied  to  "  the  language  of  signs"  than 
to  a  proper  verbal  language.  In  fact,  it  is  obvious  that  the  use  of  a 
language  composed  of  a  certain  number  of  distinct  sounds,  combined  into 
words  in  a  multitude  of  different  modes,  requires  a  power  of  intellectual 
abstraction  and  generalization,  in  which  it  appears  that  the  lower  animals 
are  altogether  deficient.  So,  again,  verbal  language  affords  the  only 
means  whereby  abstract  ideas  can  be  communicated ;  and  those  who  have 
perused  the  interesting  narrative  given  by  Dr.  Howe  of  his  successful 
training  of  Laura  Bridgeman,  will  remember  how  marked  was  the  im- 
provement in  her  mental  condition,  from  the  time  when  she  first  appre- 
hended the  fact  that  she  could  give  such  distinct  expression  to  her 
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thoughts,  feelings,  and  desires,  as  should  secure  their  being  comprehended 
by  others. 

35.  The  capacity  for  intellectual  p?*ogress  is  a  most  remarkable  pecu- 
liarity of  Man's  psychical  nature.  The  instinctive  habits  of  the  lower 
Animals  are  limited,  are  peculiar  to  each  species,  and  have  immediate 
reference  to  their  bodily  wants.  Where  a  particular  adaptation  of  means 
to  en,ds,  of  actions  to  circumstances,  is  made  by  an  individual,  the  rest  do 
not  seem  to  profit  by  that  experience ;  so  that,  although  the  instincts 
of  particular  animals  may  be  modified  by  the  training  of  Man,  or  by  the 
education  of  circumstances,  so  as  to  show  themselves  after  a  few  genera- 
tions under  new  forms,  no  elevation  of  intelligence  appears  ever  to  take 
place  spontaneously,  no  psychical  improvement  is  manifested  in  the  species 
at  large.  In  Man,  on  the  other  hand,  we  observe  not  merely  the  capa- 
bility of  profiting  by  experience,  but  the  determination  to  do  so ;  which 
he  is  enabled  to  put  into  action  by  the  power  which  his  "Will  (when 
properly  disciplined)  comes  to  possess,  of  directing  and  controlling  his 
current  of  thought,  by  fixing  his  attention  upon  any  subject  which  he 
desires  to  keep  before  his  mental  vision.  This  power,  so  far  as  we  know, 
is  peculiar  to  Man ;  and  the  presence  or  absence  of  it  constitutes  the 
difference  between  a  being  possessed  of  power  to  determine  his  own 
course  of  thought  and  action,  and  a  mere  thinking  automaton. 

36.  Man's  capacity  for  progress  is  connected  with  another  element  in 
his  nature,  which  it  is  difficult  to  isolate  and  define,  but  which  inter- 
penetrates and  blends-with  his  whole  psychical  character.  "  The  Soul,"  it 
has  been  remarked,  "is  that  side  of  our  nature  which  is  in  relation  with 
the  Infinite ;"  and  it  is  the  existence  of  this  relation,  in  whatever  way  we 
may  describe  it,  which  seems  to  constitute  one  of  the  most  distinctive 
peculiarities  of  Man.  It  is  in  the  desire  for  an  improvement  in  his  con- 
dition, occasioned  by  an  aspiration  after  something  nobler  and  purer, 
that  the  main-spring  of  human  progress  may  be  said  to  lie ;  among  the 
lowest  races  of  mankind,  the  capacity  exists,  but  the  desire  seems  dormant. 
When  once  thoroughly  awakened,  however,  it  seems  to  "grow  by  what 
it  feeds  on ;"  and  the  advance  once  commenced,  little  external  stimulus  is 
needed ;  for  the  desire  increases  at  least  as  fast  as  the  capacity.  In  the 
higher  grades  of  mental  development,  there  is  a  continual  looking-upwards, 
not  (as  in  the  lower)  towards  a  more  elevated  Human  standard,  but  at 
once  to  something  beyond  and  above  Man  and  Material  Nature.  This 
seems  the  chief  source  of  the  tendency  to  believe  in  some  unseen  existence; 
which  may  take  various  forms,  but  which  seems  never  entirely  absent 
from  any  race  or  nation,  although,  like  other  innate  tendencies,  it  may 
be  deficient  in  individuals.  Attempts  have  been  made  by  some  travellers 
to  prove  that  particular  nations  are  destitute  of  it ;  but  such  assertions 
have  been  based  only  upon  a  limited  acquaintance  with  their  habits  of 
thought,  and  with  their  outward  observances ;  for  there  are  probably 
none  who  do  not  possess  the  idea  of  some  invisible  Power,  external  to 
themselves,  whose  favour  they  seek,  and  whose  anger  they  deprecate,  by 
sacrifice  and  other  ceremonials.  It  requires  a  higher  mental  cultivation 
than  is  commonly  met-with,  to  conceive  of  this  power  as  having  a 
spiritual  existence ;  but  wherever  the  idea  of  Spirituality  can  be  defined, 
this  seems  connected  with  it.  The  vulgar  readiness  to  believe  in  ghosts, 
demons,  &c,  and  the  vagaries  of  the  so-called  1  Spiritualists'  of  recent 
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rimes,  are  only  irregular  or  depraved  manifestations  of  the  same  tendency. 
Closely  connected  with  it,  is  the  desire  to  participate  in  this  spiritual 
existence;  of  which  the  germ^as  been  implanted  in  the  mind  of  Man, 
and  which,  developed  as  it  is  by  the  mental  cultivation  that  is  almost 
necessary  for  the  formation  of  the  idea,  has  been  regarded  by  philoso- 
phers in  all  ages  as  one  of  the  chief  natural  arguments  for  the  immortality 
of  the  soul.  By  this  immortal  soul,  Man  is  connected  with  that  higher 
order  of  being,  in  which  Intelligence  exists,  untrammelled  by  that  corporeal 
mechanism  through  which  it  here  operates ;  and  to  this  state, — a  state  of 
more  intimate  communion  of  mind  with  mind,  and  of  creatures  with 
their  Creator, — he  is  encouraged  to  aspire,  as  the  reward  of  his  improve- 
ment of  the  talents  here  committed  to  his  charge. 


CHAPTER  III. 

ON  THE  MINUTE  ANATOMY  OF  THE  CONNECTIVE  TISSUES. 
CELLS  AND  THEIR  DERIVATIVES. 

37.  The  whole  substance  of  the  body  in  some  of  the  lower  forms  of 
Animal  Life,  and  the  elementary  parts  from  which  the  several  tissues  are 
formed  in  the  higher,  are  composed  of  a  soft,  semi-transparent  substance, 
which  exhibits  in  a  high  degree  those  attributes  to  which  the  term  '  vital' 
has  commonly  been  applied.  The  smallest  fragments  of  this  material 
usually  assume  the  spherical  form,  possess  the  power  of  selecting  pabu- 
lum from  the  blood  or  other  nutritive  fluid  by  which  they  are  sur- 
rounded, transforming  it  either  into  the  material  of  their  own  extension, 
or  into  some  product  of  their  elaboration,  and  under  favourable  con- 
ditions appear  to  be  capable  of  performing  active  spontaneous  move- 
ments, and  of  multiplying  themselves  indefinitely  by  a  simple  process  of 
division.  To  the  material  of  which  these  particles  are  composed,  and 
which  constitute  the  greater  part  of  the  body  in  the  lower  Rhizopods, 
Dujardin  applied  the  term  '  sarcode ;'  but  by  Dr.  Beale,  who  has  greatly 
extended  our  knowledge  of  its  endowment  and  of  its  fundamental  im- 
portance in  the  operations  of  nutrition  in  the  higher  classes,  it  has  been 
designated  by  the  term  '  germinal  matter.'  At  a  very  early  period,  the 
germinal  matter  forming  the  elementary  parts  of  the  several  tissues 
begins  to  solidify  at  its  periphery,  and  this  firmer  portion,  which  may 
present  every  gradation  of  character,  from  a  mere  inorganic  deposit  to  a 
structure  of  very  definite  organization,  Dr.  Beale  has  termed  '  formed 
material.'  In  every  instance  formed  material  is  to  be  regarded  as  pro- 
ceeding from  the  solidification  of  the  germinal  matter.  It  is  essentially 
passive  and  inert,  presenting  only  few  or  faint  manifestations  of  activity, 
incapable  of  self-increase,  and  for  the  most  part  subject  only  to  the 
operation  of  physical  forces.  It  is  on  the  germinal  matter  that  the  ex- 
istence of  every  form  of  animal  organization  really  depends,  and  in  all 
living  structures  it  possesses  the  same  general  endowments,  though  its 
special  powers  (as  shown  in  its  products)  are  very  various.  The  rela- 
tive proportion  of  germinal  matter  and  formed  material  varies  greatly 
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under  different  circumstances,  the  former  always  increasing  rapidly  when 
the  pabulum  is  abundant,  and  forming  structures  that  are  soft  and 
easily  disintegrated ;  whilst  on  the  othe*  hand,  where  the  pabulum  is 
deficient  in  quantity,  the  resulting  tissues  are  of  slow  growth,  dense  con- 
sistence, and  the  formed  material  of  which  they  are  mainly  composed 
resists  disintegration  and  change.  It  is  by  no  means  necessary,  how- 
ever, that  the  formed  material  should  be  dense  or  firm  in  its  physical 
characters  :  it  may  be  soft  in  consistence  and  soluble  in  water,  as  in  the 
contents  of  the  hepatic  or  renal  cells.  A  very  definite  line  of  demarca- 
tion can  in  some  instances  be  drawn  between  germinal  matter  and  formed 
material  by  observing  the  effects  of  steeping  the  tissue  in  an  ammoniated 
solution  of  carmine,  which  deeply  dyes  the  former,  whilst  the  latter, 
with  certain  exceptions,  is  only  slightly  stained  by  it.  Carbon,  Hydro- 
gen, Oxygen,  and  Nitrogen  enter  into  the  composition  of  every  kind  of 
germinal  matter.  These  elements  are  united  to  form  various  proximate 
compounds,  amongst  which  some  form  of  Albuminous  substance  or  Pro- 
teid,  with  a  small  proportion  of  fat,  are  invariably  found  to  be  present. 

38.  One  of  the  most  general  forms  of  an  '  elementary  part'  i3  that 
which  is  commonly  known  as  a  cell.    This,  in  its  complete  and  charac- 
teristic form,  consists  of  a  definite  cell-wall  enclosing  cell-contents,  and 
the  latter,  whatever  may  be  their  special  nature,  include  a  '  nucleus,' 
which  has  long  been  regarded  as  specially  related  to  the  formative 
activity  of  the  cell.  But  there  are  many  objections  to  this  use  of  the  term 
cell  as  indicating  the  elementary  unit  of  structure.     For  there  are  a  large 
number  of  cases  in  which  there  is  no  well-marked  investing  membrane 
to  bodies  which  otherwise  present  the  closest  analogy  to  cells ;  the 
whole  mass  being  composed  of  a  minute  segment  of  protoplasm  or  ger- 
minal matter,  the  exterior  having  undergone  extremely  slight,  if  any, 
consolidation.    This  is  the  case  for  example  with  the  colourless  corpus- 
cles of  the  blood,  with  granulation-cells  and  pus-corpuscles,  with  thej 
corpuscles  of  the  ductless  glands,  and  with  cells  generally  in  an  early! 
stage  of  their  development,  the  layer  of  formed  material  being  here  very! 
thin,  and  its  separation  from  the  germinal  matter  being  far  from  com-j 
plete.    In  a  more  advanced  condition  we  find  the  '  germinal  matter'  ] 
limited  to  a  smaller  proportion  of  the  interior  of  the  cell,  so  as  to  con- 
stitute what  is  known  as  its  '  nucleus,'  and  this  is  surrounded  by  com-lt 
pletely  differentiated  '  formed  material,'  which  may  still  have  no  definite* 
investment.    Such  appears  to  be  the  case  with  the  red  corpuscles  of  tha 
blood  of  oviparous  vertebrata ;  for  although  these  are  commonly  deJ 
scribed  as  perfect  cells,  having  a  cell-wall  that  contains  the  coloured! 
substance,  no  such  cell- wall  can  be  demonstrated ;  and  the  changes  oJ 
form  which  these  corpuscles  can  be  made  to  undergo  render  its  existence 
doubtful.     Again,  in  Cartilage,  we  have  an  example  in  which  thai 
'  nucleus'  and   '  cell-contents'  are  completely  differentiated  from  tha 
1  cell-wall;'  but  the  '  cell- wall'  itself  cannot  be  separated  from  what  hai 
been  distinguished  as  the  '  intercellular  substance,'  which  is  coram onlj 
regarded  as  the  '  matrix'  in  which  the  true  cartilage-cells  are  imbeddedp 
and  it  would  appear  from  a  study  of  the  history  of  its  development,  thajt 
the  '  intercellular  substance,'  '  cell-wall,'  and  '  cell-contents'  are  all  to  b*o 
regardedin  the  1  i  ght  of  layers  of  'formed  material'  proceeding  from  thfl 
consolidation  of  the  germinal  matter  originally  present ;  this,  on  thj 
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other  hand,  contracting  until  it  remains  only  as  the  nucleus.  The  most 
general  definition  of  the  1  elementary  cell'  (a  term  which  it  is  still  con- 
venient to  retain)  would  therefore  be  that  it  consists,  not  of  various 
anatomical  parts  as  cell -wall,  nucleus,  and  cell- contents,  but  that  it  is 
composed  of  germinal  matter  included  within  a  layer  of  *  formed  ma- 
terial,' which  has  resulted  from  the  consolidation  and  death  of  the  super- 
ficial portion. 

39.  The  mode  of  increase  of  cells,  or  their  multiplication,  is  always 
effected  by  the  division  of  the  germinal  matter,  which,  in  obedience  to  some 
unknown  law,  at  certain  periods,  or  under  certain  circumstances,  either 
tends  to  divide  into  two  parts  that  are  themselves  susceptible  of  further 
division,  or  developes  buds,  and  thus,  both  in  Animals  and  Vegetables,  large 
masses  of  cells  with  similar  endowments  are  produced.  In  the  course  of 
embryonic  development,  the  first  stages  are  effected  by  a  like  process  of 
duplicative  subdivision  of  the  germinal  matter  composing  the  ovum.  The 
difference  between  growth  and  development  consists  in  the  fact  that, 
in  the  latter  process,  the  cells,  instead  of  simply  becoming  more  numerous, 
soon  betray  diversities  of  functions  corresponding  to  the  organs  of  which 
they  constitute  the  rudiments,  whilst  by  a  further  differentiation  of  their 
form,  size,  and  attributes,  the  fully-formed  tissues  are  at  length  pro- 
duced. This  is  well  shown  in  the  case  of  the  heart,  the  rudimentary 
cells  of  which  are  in  no  respect  to  be  distinguished  from  those  which 
compose  the  general  mass  of  the  middle  layer  of  the  blastodermic  vesicle ; 
soon,  however,  they  exhibit  their  peculiar  power  of  rhythmical  contrac- 
tion, and  by  a  gradual  and  protracted  series  of  changes  the  proper  muscular 
tissue  of  the  Heart  is  developed  from  them.  Various  forms  of  cells  will 
be  described  when  the  subjects  of  the  skin,  the  alimentary,  respiratory, 
and  genito-urinary  mucous  tracts,  the  nerves,  muscles,  and  glandular 
organs  are  under  consideration ;  but  it  will  be  advantageous  to  consider 
here  the  principal  forms  which  occur  in  a  free  state,  and  are  collectively 
known  as  Epithelial  and  Epidermoid  structures.  The  following  sections 
will  then  be  devoted  to  the  description  of  those  textures  which  result 
from  the  metamorphosis  of  cells,  and  are  now  generally  included  under 
the  title  of  Connective  Tissues,  embracing — 1.  Areolar,  fibrous, 
tendinous,  and  ligamentous  tissues ;  2.  Elastic  tissue ;  3.  Fat ;  and  4. 
Cartilage  and  Bone.  These  all  present  the  features  in  common  of 
originating  in  cells,  of  presenting  a  low  type  of  organization,  of  possessing 
an  indifferent  supply  of  bloodvessels  and  nerves,  of  being  easily  repaired 
when  injured,  whilst  they  frequently  present  forms  that  are  intermediate 
to  one  another,  and  finally,  as  their  name  implies,  they  all  subserve  the 
purpose  of  connecting  or  supporting  the  other  textures  of  which  the  body 
is  composed. 

Epithelium. — The  skin,  mucous  and  serous  membranes,  the  interior 
of  the  vessels,  and  of  the  ducts  of  all  glands,  are  covered  with  one  or 
more  layers  of  cells,  which  give  to  these  parts  a  smooth  and  uniform 
surface,  and  enable  them  to  supply,  by  structures  capable  of  easy  re- 
newal, the  losses  they  experience  from  the  friction  to  which  they  are 
constantly  subject.  The  innermost  recesses  of  glandular  organs  are  also 
lined  by  cells,  the  function  of  which  appears  to  be  the  separation  from 
the  blood,  or  the  formation  from  the  materials  supplied  by  that  fluid,  of 
fhe  secretion  proper  to  each.    Four  principal  kinds  of  cells  have  been 
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Fig.  8. 


Detached  Epithelium-cells,  a,  with 


Fig.  9. 


distinguished  by  microscopists,  forming,  by  their  juxtaposition,  tessellated 
or  pavement,  cylindrical  or  columnar,  spheroidal  or  glandular,  and 

ciliated  epithelium.  The  first-named  form 
is  found  as  a  single  layer  of  flattened  cells  in 
the  interior  of  the  vessels  and  of  synovial  and 
serous  membranes.  The  cells  are  here  flat, 
and  are  often  either  sinuous  in  outline,  or 
are  rendered  polygonal  by  mutual  pressure. 
They  possess  a  cell-wall  and  a  distinct  nu- 
cleus. As  a  multiple  layer  this  form  is  well 
seen  in  the  skin,  where  it  constitutes  the 
thick  epidermis.  The  action  of  a  blister  splits 
the  epidermis  into  two  portions :  a  deeper 
nudeir^and^micieoiVc/fro^  mu-  one — the  rete  mucosum — in  which  the  cells, 

cous  membrane  of  mouth.  being  in  an  earIy  gtage    of  their  develop- 

ment, are  more  or  less  soft  and  rounded,  and  remain  attached  to  the 
dermis ;  and  a  superficial  portion,  which  forms  the  blister,  and  is  com- 
posed of  flattened  cells  firmly  cohering  to- 
gether. The  cells  of  the  rete  mucosum  are  the 
chief  seat  of  the  pigmentary  deposit  charac- 
teristic of  the  skin  of  the  negro  and  of  the 
darker  portions  of  the  body  of  fair-skinned 
races.  In  some  parts  the  cells  are  serrated  at 
their  margin.  The  second  form  of  cell — the 
cylindrical  —  occurs  '  throughout  nearly  the 
whole  of  the  alimentary  canal.  The  cells  are 
pear-shaped,  and  are  attached  to  the  subjacent 
membrane  by  their  small  extremity.  They  pos- 
sess a  distinct  nucleus,  cell-wall,  and  cell-con- 
tents, and  their  mouth  in  those  lining  the  small 
intestines  is  closed  by  a  thick  membrane,  which 
by  some  is  believed  to  be  perforated  by  fine 

Oblique  section  of  Epidermi,,  P°res>  permitting  the  passage  of  oily  and  albu- 
showing  the  progressive  develop-  minous  fluids.    Spheroidal  epithelium  is  best 

ment  of  its  component  cells : —  ,  i  •   • r>     i      j         mi        t.     _  „e 

a,  nuclei,  resting  upon  the  surface  seen    m   the    acmi  of    glands.       iHe  Shape  Ot 

ofthecutisvera,/;  these  nuclei  the  cells  is  expressed  bv  their  name :  but  the 

are  seen  to  be  gradually  deve-  „  .    *  J  ,  ' 

loped  into  ceils,  at  b,  c,  and  d;  presence  of  a  cell- wall  is  doubtful.  Iney 

itleft  aPPear  t0  be  masses  of  germinal  matter,  and 

tion  of  the  epidermis  at  e.  have  been  observed  to  execute  spontaneous 

movements.  The  fourth  and  last  kind  of  cell — 
the  ciliated — varies  much  in  form,  though  perhaps  the  cylindrical  or  sub- 
cylindrical  is  the  most  common.    It  is  characterized  by  the  presence 

of  a  number  of  minute  cilia,  or  hair- 
like appendages,  varying  from  one  or 
two  to  fifty  for  each  cell.  These, 
during  life,  are  in  continual  motion, 
performing  rapid  vibratory  or  lashing 
movements,  the  effect  of  which  is  to 
drive  any  small  body  in  contact  with 

Ciliated  EpitKeU™-  a,  nucleated  cells,  Jem  towards  the  outlet  of  the  body, 
resting  on  their  smaller  extremities  ;  b,  cilin.  blicll  Cells  are  found  in  the  respiratory 
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passages,  with  the  exception  of  the  finest  ramifications  of  the  bronchial 
tubes ;  in  the  upper  part  of  the  vagina,  the  uterus,  and  the  Fallopian 
tubes ;  and  lastly,  on  the  choroid  plexus  of  the  lateral  ventricles.  In 
some  vertebrata  they  also  exist  near  the  commencement  of  the  urinary 
tubuli.  The  cause  of  the  movement  is  unknown;  it  is  remarkable 
that  it  should  persist  long  after  the  general  death  of  the  body.  In 
certain  parts  of  the  body — as  in  the  choroid  coat  of  the  eye,  the  lungs 
and  bronchial  glands,  and  in  the  deep  or 
Malpighian  layer  of  the  epidermis  of  the  negro 
— cells  are  found  loaded  with  black  pigment, 
or  melanin.  The  shape  of  the  cells  varies 
from  the  most  regular  hexagonal  to  extremely 
rirregular  branched  and  caudate  forms.  They 
.usually  possess  a  distinct  nucleus,  and  the 
melanin  is  scattered  through  the  otherwise 

Fig.  11. 


Fig.  12. 


Cells  from  Pigmentum  Ni- 
grum:— a,  pigmentary  granules 
concealing  the  nucleus ;  b,  the 
nucleus  distinct. 


Pigment-cells  from  tail  of  Tad- 
pole:— a,  a,  simple  forms  of 
recent  origin ;  b,  b,  more  com- 
plex forms  subsequently  as- 
sumed. 


clear  cell-contents  in  the  form  of  minute  granules.  When  the  cell  is 
crushed  the  black  particles  escape  and  exhibit  peculiar  vibratory  or 
quivering  movements.  The  colouring  matter  or  melanin  is  insoluble  in 
water  and  most  reagents,  but  it  dissolves  in  weak  alkalies.  It  is  not 
bleached  by  chlorine.    It  contains  iron  and  nitrogen. 

40.  Areolar,  Fibrous,  and  Elastic  Tissues* — Ordinary  connective 
tissue  in  its  fully-developed  form,  may  be  shortly  defined  to  consist  of 
plasmatic  corpuscles  scattered  through  a  fibrillar  matrix.  The  corpus- 
cles, though  presenting  a  general  resemblance  to  a  cell,  possess  no  cell- 
wall,  are  very  variable  in  form,  and  have  occasionally  been  observed  to 
undergo  spontaneous  changes  of  form  (Kiihne).  They  maybe  regarded 
-as  small  masses  of  'germinal  matter,'  preserving  their  original  activity, 
whilst  the  matrix  consists  of  '  formed  material,'  proceeding  from  the 
modified  cell- walls  and  intercellular  substance.  In  many  cases  a  third 
morphological  element,  the  elastic,  enters  into  the  composition  of  this 
tissue,  conferring  properties  upon  it  which  are  of  great  importance  in 
the  discharge  of  the  functions  that  in  some  situations  it  has  to  perform. 
Amongst  the  principal  examples  of  ordinary  connective  tissue  met  with 

*  For  good  papers  on  Connective  Tissue  see  S.  Martyn,  in  Dr.  Bcale's  "  Archives 
>f  Medicine,"  vol.  ii.  p.  99  ;  and  Dr.  Beale  in  idem,  vol.  in. 
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Fig.  13. 


in  the  body  we  may  include  with  Bouchard  the  various  structures 
termed  tendons,  ligaments,  fascial,  aponeuroses,  periosteum,  and  peri- 
chondrium ;  the  investing  membranes  of  many  organs,  as  the  dura  mater, 
pericardium,  tunica  albuginea  of  the  testis  and  of  the  ovary,  and  the 
sclerotic  and  corneal  coats  of  the  eye.  It  also  forms  the  basis  of  the  true 
skin,  of  mucous,  serous,  and  synovial  membranes,  the  chorion,  vascular 
sheaths  and  tunics,  and  amorphous  membranes,  as  the  hyaloid  humour 
of  the  eye,  and  the  envelopes  of  glandular  follicles.  These  all  present  a 
general  similarity  of  structure  and  chemical  composition,  though  difler- 
ing  in  minor  details.  The  most  common  form,  or  that  met  with  in 
fibrous  membranes,  ligaments,  and  tendons,  appears  when  examined 
with  the  microscope  to  be  composed  of  bundles  of  wavy  filaments 
(Fig.  13),  which  either  run  parallel  to  one  another  with  but  few  cross 
fibres  as  in  tendons,  or  decussate  with  one  another  in  every  direction  as 
in  the  sclerotic,  leaving  irregular  interspaces,  lacunas  or  areola?,  the  im- 
perfectly bounded  walls  of  which  permit  the  passage  of  fluids  in  every 
direction.  The  individual  fibres  do  not  exceed  1- 10,000th  of  an  inch 
in  diameter.  The  addition  of  a  little  acetic  acid,  by  its  different  action 
on  the  three  elements  that  commonly  enter  into  the  composition  of  the 
tissue,  enables  them  to  be  easily  distinguished.  The  white  wavy  filaments 
swell  up  and  become  transparent,  losing  in  great  measure  their  fibrillar 

character.    The  corpuscles  appear  as  dark 
granular  bodies,  and  the  elastic  tissue  when 
present  appears  in  the  form  of  fine  dark 
fibres  with  well-defined  borders,  which  pur- 
sue a  tortuous  course,  and  often  branch  and  I 
anastomose.    Such  tissue  presents  few  or 
no  bloodvessels  and  nerves,  those  seen  inf 
any  section  being  in  all  probability  on  their ! 
way  to  other  parts.    In  many  localities,  as  I 
beneath  the  skin,  the  areola?  of  the  connec- 
tive tissue  are  filled  with  lobules  of  fat. 
In  the  case   of  the   serous  and  synovial! 
membranes  the  connective  tissue  is  so  ar- 
ranged as  to  constitute  closed  bags  or  sacs,l 
the  inner  surface  of  which  is  fined  by  al 
single  layer  of  flattened  epithelial  cells,! 
forming  an  exquisitely  smooth  and  polished 
surface,  that  materially  facilitates  the  constant  gliding  movements 
which  these  parts  are  subjected.    The  opposed  surfaces  are  moistenec 
with  a  thin  fluid  which  closely  resembles  the  serum  of  blood  in  its  com- 
position.   In  mucous  membranes  the  layer  of  connective  tissue  is  mucl: 
thicker  and  more  vascular  than  in  serous,  frequently  contains  in  i  nut 
glands,  and  instead  of  a  single  layer,  is  covered  by  many  layers  of 
epithelial  cells,  of  a  more  or  less  rounded  or  columnar  form.    In  all) 
instances  mucous  membranes  constitute  the  walls  of  tubes  or  cavitieJ 
having  free  outward  communication.     The  interspaces  between  thai 
fibres  of  connective  tissue  are  believed  by  many  to  constitute  the  com  J 
mencement  of  the  lymphatic  system,  receiving  the  superfluous  material 
poured  out  by  the  bloodvessels  for  the  supply  of  the  several  texturesfl 
and  gradually  conveying  it,  at  first  through  channels  with  imperfecta  i 


White  or  Non-elastic  Fibrous  tissue. 
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formed  parietes,  but  subsequently  through  proper  tubes,  to  the  thoracic 
duct,  from  whence  it  is  again  discharged  into  the  blood.  On  boiling 
with  water  this  tissue  yields  gelatine. 

The  mode  of  development  of  connective  tissue  has  been  the  subject 
of  much  discussion  during  the  last  few  years,  attributable  in  great 
measure  to  different  interpretations  being  given  to  the  same  generally 
acknowledged  facts.  Schwann  was  of  opinion  that  the  primary  cells 
elongated,  gave  off  prolongations  from  each  pole,  and  that  these  divided 
into  numerous  fibres.  Eeichert  admitted  the  presence  of  cells  which  were 
subsequently  separated  by  intercellular  matter,  but  he  regarded  the 
fibrillae  of  the  latter  as  simply  the  optical  expression  of  folds  in  a  delicate 
membrane,  adducing  in  favour  of  his  view  their  disappearance  under  the 
influence  of  dilute  acetic  acid ;  and,  much  more  recently,  Ercolani*  has 
maintained  that  the  fibrillee  are  the  results  of  manipulation.  Max 
Schultzef  and  Obersteiner^  hold  the  opinion  decisively  that  the  fibres 
of  connective  tissue  proceed  directly  from  the  conversion  of  the  proto- 
plasm of  the  formative  cells,  and  not  from  any  change  in  the  matrix  or 
intercellular  substance ;  and  Briicke  was  also  unable  to  convince 
himself  that  the  intercellular  substance  is  in  any  way  implicated  in  the 
production  of  the  fibres.  Henle§  and  Landois||  consider  that,  in  the 
very  earliest  stages  of  development  of  this  tissue,  nuclei  may  be  seen 
distributed  through  a  homogeneous  matrix,  in  which  last  it  is  impossible 
to  distinguish  any  division  into  cells  or  cell  territories ;  but  that  at  a  sub- 
sequent period  the  protoplasm  immediately  surrounding  the  nuclei 
becomes  condensed  and  sends  off  the  anastomosing  filaments,  whilst  the 
more  peripheral  layers  either  remain  gelatinous  or  become  fibrillated. 
By  Virchow,  again,  connective  tissue  in  its  earliest  state  is  believed 
to  consist  of  cells  in  immediate  contact  with  one  another,  which  are 
subsequently  separated  by  the  formation  of  intercellular  substance. 
The  cells  then  begin  to  elongate,  branch,  and  intercommunicate,  forming 
the  yellow  elastic  filaments,  which  he  believes  to  be  tubular  and  adapted 
to  convey  nutritive  fluid  to  all  parts  of  the  tissue,  whilst  the  intercellu- 
lar substance  undergoes  fibrillation  and  becomes  the  white  fibrous  tissue. 
It  has  not,  however,  been  satisfactorily  proved  that  the  yellow  elastic 
fibres  are  tubular,  nor  that  these  are  produced  directly  from  the  extension 
of  the  cells.  Dr.  S.  Martyn^f  believes  that  the  primary  cells  of  con- 
nective tissue  are  at  first  in  contact  with  one  another,  that  the  nuclei 
divide  longitudinally,  and  that  successive  deposits  of  extra-cellular  sub- 
stance occur  on  the  outer  surface  of  the  cells,  giving  rise  to  the  striated 
appearance  of  the  tissue.  The  nucleated  central  portions  of  the  cell  are 
then  separated  by  the  extension  of  this  deposit,  and  remain  connected 
with  one  another  only  by  delicate  threads,  which  may  by  a  process  of 
thickening  and  growth  become  converted  into  elastic  filaments.  On  Dr. 
Beale's  view  of  the  development  of  tissues,  the  tissue  in  question  must  be 
regarded  as  composed  in  the  first  instance  of  germinal  matter,  a  portion 

*  "Memorie  dell'  Acad,  dclle  Scienze  di  Bologna,"  torn.  v.  ser.  ii.  1866. 
t  "Neuc  Untersuch.  iib.  d.  Entwick.  d.  Bindegewebe,"  1861. 
+  "  Sitzungsber.  d.  k.  Akad.  zu  Wien,"  band  lvi.  1867,  p.  162. 
§  "Bericht  tiber  die  Fortschritte  d.  Physiol.,"  1859;  1866,  p.  41. 
||  "Zeits.  f.  wiss.  Zool.,"  band  xvi.  p.  1. 
If  Beale's  "  Archives,"  vol.  ii.  p.  106. 
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of  which  undergoes  conversion  into  formed  material,  and  becomes  fibril- 
lated ;  whilst  a  part  remaining  unaltered  constitutes  the  so-called  cor- 
puscles, which,  though  at  first  in  free  communication  with  one  another 
by  large  and  wide  bridges,  become  ultimately  more  and  more  isolated, 
until  at  last  they  are  either  entirely  detached,  or  remain  in  connexion 
only  by  long  and  delicate  processes,  represented  by  the  elastic  constituent, 
m  the  fibres  of  which  Dr.  Beale  has  been  unable  to  discover  any  central 
canal.  In  the  vitreous  humour  of  the  eye,  and  in  the  substance  which 
constitutes  the  greater  part  of  the  iimbilical  cord,  there  exists  a  peculiar 
form  of  connective  tissue,  termed  mucous  or  gelatinous  tissue.  The 
structure  of  the  former  is  difficult  to  determine,  but  it  appears  to  be 
composed  of  a  jelly-like  fluid,  contained  in  the  meshes  of  a  network  of 
exquisitely  fine  filaments;  it  is  doubtful  whether  any  cells  are  present. 
In  the  latter,  the  matrix  is  soft,  transparent,  and  homogeneous  as 
in  the  vitreous,  and  presents  round,  fusiform,  or  stellate  cells,  with 
branched  and  communicating  prolongations  scattered  through  it.  This 
kind  of  connective  tissue  is  found  only  in  embryonic  structures,  or  in 
organs  retaining  their  embryonal  characters. 

41.  Elastic  Tissue. — The  elastic  tissue  that  we  have  just  seen  to  be 
mingled  in  small  quantity  with  white  fibrous  tissue  in  situations  where  it  is 
requisite  that  the  latter  should  accommodate  itself  to  changes  of  form, 
bulk,  or  position  in  the  organs  it  invests,  is  sometimes  met  with  in  an  almost 
pure  state.  In  the  vocal  cords  and  the  ligamenta  subflavagood  examples 

are  seen  of  this  tissue,  with  scarcely 
any  intermixture  of  white  fibrous 
tissue.  In  the  ligamentum  nucha? 
and  the  suspensory  ligament  of  the 
penis,  in  the  stylo-hyoid,  thyro- 
hyoid, and  crico-thyroid  ligaments, 
and  in  the  coats  of  the  bloodvessels 
and  lymphatics,  both  kinds  of  tissue 
are  present  in  nearly  equal  propor- 
tion, though  perhaps  the  elastic  pre- 
dominates; whilst  in  the  subcuta- 
neous and  submucous  areolar  tis- 

Tellow  or  Elastic  Fibrous  tissue,  from  Sue,  the  elastic  fibres,  though  nume- 

ligamentum  nuchas.  roug>  form  Qnly  a  smaH  part  0f  the 

general  mass.  When  examined  under  the  microscope,  it  is  found  to  consist 
either  of  separate  fibres,  of  bundles  of  fibres,  or  of  broad  membranous 
bands  of  a  highly  refractile  and  elastic  substance.  The  fibres  vary  in- 
definitely in  size,  but  have  sharply-defined  dark  borders,  and  appear  to 
be  abruptly  broken  off  at  their  extremities.  They  may  anastomose  and 
branch,  and  where  the  fibres  are  broad  and  membraniform,  and  the 
anastomoses  close,  a  thin  tissixe  results,  as  in  the  lining  or  fenestrated 
membrane  of  the  arteries,  which  presents  a  continuous  sheet  with  only 
here  and  there  minute  holes  or  spaces.  The  arrangement  of  its  blood- 
vessels and  nerves,  which  are  very  few  in  number,  is  not  accurately 
known.  When  long  boiled,  it  yields  a  little  modified  gelatine.  Elastic 
tissue  fulfils  important  functions  in  the  vascular  system — to  which 
attention  will  hereafter  be  called — and  it  frequently  occurs  in  situations 
where  its  physical  properties  enable  muscular  tissue  to  be  dispensed 
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Fig.  15. 


with,  as  in  the  ligamentuin  nuchae  of  the  larger  quadrupeds.  Occa- 
sionally, though  more  rarely,  it  appears  as  the  antagonist  of  muscular 
effort,  as  in  the  chorda?  vocales,  and  typically  in  the  hinge  of  the 
conchifera. 

42.  Adipose  Tissue. — This  form  of  tissue  is  extensively  distributed 
through  the  animal  kingdom,  and  consists  of  large  cells  filled  with  oil, 
which  in  good  specimens  are  individtially  separated  from  one  another,  as 
well  as  collected  into  lobules  by  delicate  trabecule  of  connective  tissue. 
It  is  more  freely  supplied  with  blood  than  most  of  the  other  forms  of 
cellular  or  connective  tissue.  The  cells,  though 
varying  much  in  size,  average  the  s^th  of  an 
inch  in  diameter,  and  are  rendered  polygonal  by 
mutual  pressure ;  they  are  composed  of  a  cell- 
wall  of  considerable  thickness  in  the  interior  of 
which  is  an  eccentric  nucleus,  with  several 
nucleoli,  and  a  clear,  perfectly  transparent,  and 
highly  refractile  drop  of  oil.  The  connective 
tissue  uniting  the  lobules  is  sometimes  small  in 
quantity,  and  exceedingly  delicate,  as  in  the  fat 
that  surrounds  the  kidney,  and  in  the  marrow 
of  bones;  whilst  in  other  instances,  as  in  the 
subcutaneous  layer  of  fat,  it  is  possessed  of  much 
firmness,  and  is  very  dense.  No  nerves  have 
been  discovered  to  terminate  in  fat,  nor  do  any 
lymphatics  appear  to  take  origin  in  it.  Adipose 
tissue  is  absent  in  the  brain,  lungs,  liver,  and  in  ^tTcS ;  tTfibrTof 
the  delicate  skin  of  the  eyelids,  of  the  prepuce,  areolar  tissue, 
scrotum,  and  nymphse.    In  all  these  regions  oily 

globules  may  be  seen  on  making  fine  sections.    The  absolute  amount  of 
fat  in  a  well-nourished  man  amounts  to  about  -^th.  of  the  weight  of  the 
body.   Infancy,  mid-age,  warmth,  abundant  food,  especially  of  a  saccha- 
rine or  oleaginous  nature,  freedom  from  mental  anxiety,  castration,  in- 
dolent habits,  and  inherited  constitutional  peculiarities,  are  all  circum- 
stances predisposing  to  the  accumulation  of  fat.    It  is  probable  that 
every  form  of  cell  may  become  infiltrated  with  fat,  as  a  stage  or 
form  of  degeneration.     Fat  fulfils  the  following  important  objects 
in  the  animal  economy  : — It  diffuses  pressure,  and  is,  therefore,  largely 
developed  on  the  palms  of  the  hands,  soles  of  the  feet,  buttocks, 
and  female  breast.     By  its  disposition  beneath  the  skin  generally,  it 
iorms  a  warm  investment  for  the  body  that  materially  diminishes  the 
loss  of  heat  by  radiation  and  conduction ;  at  the  same  time  it  gives  a 
smooth,  flowing,  and  agreeable  contour  to  the  surface  which  otherwise, 
especially  near  the  joints,  would  present  hard  and  angular  outlines.  It 
forms  an  elastic  pad,  or  cushion,  in  the  orbit,  on  which  the  eye  can  rotate  ; 
""I  in  the  heart,  by  filling  up  the  interstices  of  the  vessels  and  the  irregu- 
larities of  its  surface,  it  fulfils  a  similar  function,  enabling  this  organ  to 
perform  its  ceaseless  movements  with  the  least  possible  amount  of  fric- 
tion.   It  confers  lightness,  and  probably  a  certain  degree  of  elasticity, 
3n  the  bones— as  well,  indeed,  as  on  all  other  tissues  into  the  compo- 
sition of  which  it  enters.    It  constitutes  a  storehouse  or  reserved  fund 
hydrocarbonaceous  material,  which,  when  required  by  the  economy, 
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can  readily  be  absorbed  into  the  blood;  the  process  of  absorption  being 
facilitated — as  Matteucci  lias  shown — by  the  alkalinity  of  the  fluid  that 
moistens  the  outer  surface  of  the  cells.    Lastly,  if  we  may  judge  from 

its  constant  presence,  it  plays  an  im- 
portant part  in  the  processes  of  growth 
and  development. 

According  to  M.  F.  Czajewicz,*  the 
cells  of  adipose  tissue  originate  in  the 
corpuscles  of  ordinary  connective  tissue. 
These,  in  any  part  that  is  about  to 
become  the  seat  of  deposit  of  fat,  in- 
crease in  size,  assume  a  spherical  form, 
and  become  filled  with  a  mist  of  small 
fat  drops  (a,  Fig.  16).  At  a  stage 
slightly  more  advanced  (6),  the  mist 
becomes  condensed  into  small  drops, 
>;  which  gradually  acquire  a  larger  size 
and  greater  distinctness  (c),  and  ulti- 
mately blend  into  one  large  oil  globule 
(d).  In  the  later  stages,  the  nuclei  of 
the  corpuscles,  though  still  discoverable 
on  careful  examination,  are  to  a  great 
extent  obscured  by  the  oily  contents  of 
the  cells.  When  an  animal  is  starved,  the  oily  material  is  continuously 
withdrawn  from  the  cells,  and  its  place  is  supplied  by  a  serous  fluid, 

the  cells  still  preserving  their  round  form.  If 
now  abundant  food  be  given,  a  series  of  changes 
similar  to  those  above  described  may  be  ob- 
served, the  cells  becoming  filled  at  first  with  i 
minute  oil  globules,  which  afterwards  co- 
alesce to  form  one  of  large  size.  If  inflam- 
mation is  established  in  adipose  tissue  by  the ; 
injection  of  solution  of  iodine,  or  other  irri- 
tant, the  endogenous  formation  of  cells  can  be 
very  distinctly  seen.  (Fig.  17.) 

43.  Cartilage.  —  Cartilage  presents  twot 
forms :  the  temporary  and  the  permanent ;  the 
former  exists  in  considerable  quantity  in  thef 
foetus,  occupying  the  position  and  constituting  j, 
the  foundation  of  the  principal  bones  of  the  skeleton,  certain  portions! 
of  the  vault  of  the  cranium  alone  being  excepted.  In  all  instances,} 
the  microscopical  structure  is  essentially  similar,  the  tissue  pr6-| 
senting  cells  separated  from  one  another  by  a  greater  or  less  amount! 
of  intercellular  substance  or  matrix.  In  some  situations,  as  in  the  chordal 
dorsalis,  the  cells  appear  to  be  in  direct  apposition  with  one  another,! 
their  cell- walls,  slightly  thickened,  alone  representing  the  matrix ;  inl 
other  cases,  as  in  ordinary  articular  cartilage,  the  cells  appear  to  bel 
scattered  through  the  intercellular  substance,  which  forms  a  large  pro-fc 
portion  of  the  whole  mass.    The  matrix  in  the  permanent  cartilage 


Successive  stages  in  the  Development 
qfFat. 


Fig.  17. 


Example  of  Endogenous  Cell- 
formation. 


*  Eeichert's  "  Archiv,"  1866,  Heft  iii.  p.  289. 
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of  the  joints  and  ribs,  appears  as  a  homogeneous  and  structureless 
material ;  but  in  the  cartilages  connected  with  the  organs  of  sense — 
as  in  the  cartilages  of  the  nose, 
eyelids,  and  ear,  and  in  the 
epiglottis  —  it  is  of  a  yellowish 
colour,  and  is  pervaded  by  fibres, 
and  from  this  form  of  tissue  the 
transition  is  easy  to  the  fibro- 
cartilages,  exemplified  in  the 
symphysis  pubis,  the  interverte- 
bral substance,  the  interarticular 
cartilages  of  the  knee  and  other 
joints,  the  glenoid  and  cotyloid 
ligaments,  and  the  cartilages 
lining  the  grooves  for  tendons,  in 
all  of  which  the  matrix  is  almost 
entirely  converted  into  firm  and  SectioD 

close  Set  interlacing  fibres.  Dr.  group  of  four  cells,  separating  from  each  other ;  b, 
t>     -i     i         l  .i    .  .i  •     pair  of  cells  in  apposition;  c,  c,  nuclei  of  cartilage- 

±$eale  lias  Shown  that,  it  a  thin  ceus ;  d,  cavity  containing  three  cells. 

section  of  cartilage  be  carefully 

examined  whilst  in  course  of  development,  it  is  impossible  to  discover  any 
distinct  line  of  demarcation  between  the  substance  of  the  matrix  and  the 
contents  of  the  cavities  or  cells  which  are  distributed  through  it.  The 
gradation  between  the  two  may,  however,  be  made  ob- 
vious by  soaking  the  section  in  carmine,  Avhich  scarcely 
tinges  the  peripheral  portion,  whilst  it  deeply  dyes  the 
central,  staining  the  intervening  zones  less  and  less 
strongly  in  proportion  to  their  distance  from  it  (Fig. 
19).  Thus  it  appears  that  the  true  view  of  the  nature  j|  1 
of  cartilage  is  to  regard  it  as  made  up  of  an  aggrega- 
tion of  spheroidal  segments  of  protoplasmic  substance 
or  '  germinal  matter,'  each  of  which  has  the  power  of 
being  converted,  at  its  surface,  into  that  kind  of  formed 
material  which  is  termed  '  chondrin,'  so  that  these  Elementary  part  from 
particles  become  separated  from  each  other  by  an  treated  with  carmine, 
intervening  deposit  of  that  substance,  which  holds  to  *™n|f  ^^ntf 
them  very  much  the  same  relation  that  the  gela-  germinal  matter  into 
tinous  substance,  copiously  interposed  between  the  matnx' 
so-called  '  cells '  of  seaweeds,  holds  to  those  elementary  parts.  In 
both  cases,  it  is  to  be  borne  in  mind  that  the  intervening  substance 
»•(■  presents  the  cell- wall  of  such  cells  as  have  a  distinct  limitary  mem- 
brane, but  that  the  essential  constituent  of  the  cell  is  the  segment 
of  protoplasmic  substance,  or  '  germinal  matter,'  which  is  thus  iso- 
lated. Ordinary  articular  cartilage  is  thickest  where  the  pressure 
is  greatest,  and  the  cells  are  found  to  be  somewhat  flattened  near  the 
free  surface,  originally  distributed  in  sets  of  from  eight  or  more  near 
the  centre,  and  perpendicularly  placed  in  that  part  which  lies  nearest  the 
bone. 

The  nutrition  of  cartilage,  when  it  attains  considerable  thickness,  is 
provided  for  by  the  passage  of  a  few  large  vessels  through  channels  in 
its  substance,  that  are  lined  throughout  by  a  prolongation  of  the  peri- 
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chondriuin.  Beneath  the  articular  cartilage  the  vessels  of  the  bone  form 
loops,  the  bight  of  which  is  dilated  into  an  enlargement,  or  sinus,  which 
must  cause  a  retardation  in  the  current  of  blood.  Mr.  Barwell*  has 
described  a  peculiar  arrangement  by  which  he  believes  the  nutrition 
of  articular  cartilage  is  maintained.  This  consists  of  an  osseous 
lamella  intervening  between  the  cartilage  and  the  shaft  of  the  bone, 
penetrated,  like  the  dentine  of  the  teeth,  with  numerous  fine  canaliculi, 
running,  in  a  wavy  course,  parallel  to  one  another  and  perpendicular  to 
the  surface.  Through  these  the  nutritive  materials  are  conveyed  to  the 
cartilage  from  the  above-named  sinuses.  The  costal,  and  most  of  the 
fibro-cartilages,  are  invested  by  a  firm  layer  of  connective  tissue,  termed 
the  perichondrium.  Though  the  two  tissues  may  be  separated  by  pro- 
longed maceration,  they  are  structurally  continuous  with  one  another. 
No  nerves  or  lymphatics  have  been  hitherto  traced  into  the  substance 
of  cartilage,  and  it  appears  to  be  nearly  insensible ;  hence  the  exquisite 
pain  accompanying  ulceration  of  joints  may  probably  be  referred  to  irri- 
tation of  the  nerves  supplying  the  subjacent  bone.  The  chemical  com- 
position of  cartilage  has  not  been  acurately  determined.  On  drying  it 
loses  about  70  per  cent,  of  water ;  on  being  subjected  to  prolonged 
coction  in  water  it  yields  chondrin,  a  substance  that  gelatinizes  on  cool- 
ing, and  generally  resembles  gelatine,  except  that  it  is  precipitated  by 
acetic  acid.  The  organic  basis  from  which  the  chondrin  is  derived  con- 
stitutes about  30  per  cent,  of  fresh  cartilage,  and  the  inorganic  sub- 
stances, of  which  the  sulphates  of  potash  and  soda  constitute  the  major 
part,  do  not  amount  to  more  than  2'5  per  cent.  (Hoppe-Seyler).  Per- 
manent  cartilage  is  employed  in  the  construction  of  the  body  chiefly  on 
account  of  its  resiliency,  and  on  account  of  the  extremely  smooth  sur- 
face which  it  presents,  permitting  free  movement  in  the  joints,  where  it 
is  lubricated  by  the  albuminous  synovial  fluid,  with  the  least  possible 
amount  of  friction. 

44.  Bone. — The  bones  constitute  the  organs  of  support  for  the  softer 
tissues,  and  with  the  muscles  form  a  system  of  levers  by  which  locomotion, 
prehension,  mastication,  and  various  other  movements  are  effected. 
They  more  or  less  perfectly  inclose  the  cavities  of  the  head,  chest,  and 
pelvis,  constituting  an  efficient  protection  to  the  important  organs  therein 
contained.  They  are  divided  according  to  their  form  into  long,  short, 
irregular,  and  flat  bones.  In  the  long  bones  the  shaft  is  pierced  by  a 
central  canal,  which  runs  continuously  from  one  extremity  to  the  other, 
and  the  hollow  cylinder  which  surrounds  this  is  very  compact  in  its 
structure.  On  the  other  hand,  the  dilated  ends  of  the  bone  are  com- 
posed of  a  spongy  or  cancellated  structure,  which  is  made  up  of 
osseous  lamellae  and  fibres  interwoven  together,  so  as  to  form  a  multi- 
tude of  minute  chambers  or  cancelli  freely  communicating  with  one 
another  and  with  the  cavity  of  the  shaft,  whilst  the  whole  is  capped 
with  a  thin  layer  of  solid  bone.  In  the  flat  bones  of  the  head,  and  less 
distinctly  in  the  scapula  and  ilium,  we  find  the  two  surfaces  composed 
of  solid  osseous  texture,  with  more  or  less  of  cancellated  tissue,  called 
the  diploe,  interposed  between  the  layers.  This,  however,  is  sometimes! 
deficient,  leaving  a  cavity  as  in  the  frontal  sinuses.    Finally,  we  fre- 
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Fig.  20. 


quently  meet  (especially  in  the  ethmoid  and  sphenoid  bones)  with  thin 
lamellae  of  osseous  substance,  resembling  those  which  elsewhere  form  the 
boundaries  of  the  cancelli.  These  consist  of  but  one  layer  of  osseous 
substance,  and  are  not  penetrated  by  vessels,  but  are  nourished  by  those 
ramifying  on  their  surfaces  ;  and  they  consequently  exhibit  the  elements 
of  the  osseous  substance  in  their  simplest  form.  It  will  be  desirable, 
therefore,  to  commence  with  the  description  of  these. 

45.  When  a  thin  natural  lamella  of  this  kind  is  examined,  it  is  found 
to  be  chiefly  composed  of  a  substance  which  is  nearly  homogeneous, 
though  sometimes  exhibiting  indistinct  traces  of  a  fibrous  arrangement. 
In  the  midst  of  this  granular  sub- 
stance a  number  of  dark  spots  are 
to  be  seen,  presenting  an  oval  form, 
and  giving  off,  from  their  sides  and 
extremities,  numerous  radiating  pro- 
longations of  extreme  minuteness, 
and    frequently    of  considerable 
length.    The  dark  spots  are  small 
cavities,  termed  lacunce,  and  the 
branched  prolongations,  or  cana- 

Hmli  irp  tnrvnlnr  oharmpl<?  whiVTi  Lacunae  of  Osseous  substance,  magnified 
llCUll,  are  tUDUiar  CUanneiS,  WUlcn,  50o  diameters         central  cavity;  &,itsrami- 

though  far  too   small  to  convey  fications. 
blood  corpuscles,  yet  bring  the  fluid 

elements  of  the  blood,  or  matters  secreted  from  them,  into  close  re- 
lation with  every  part  of  the  tissue.  The  size  of  the  lacunas  is  to 
some  extent  proportionate  to  that  of  the  blood  corpuscles,  being  large 
in  reptiles  and  fish,  and  small  in  the  higher  classes  of  the  verte- 
brata.  In  man  their  long  diameter  is  about  l-1800th  of  an  inch, 
and  their  short  1 -6000th  of  an  inch.  Every  lacuna  is  occupied 
in  the  living  bone  by  a  corpuscle  of  'germinal  matter,'  which  is  the 
nutritive  centre  of  the  surrounding  osseous  substance.  If,  instead  of 
a  thin  lamella  of  bone,  sections  of  one  of  the 
long  bones  be  examined,  it  will  be  found  that 
the  penetration  of  the  tissue  by  bloodvessels 
renders  a  peculiar  arrangement  of  the  lacunas 
and  canaliculi  requisite.  The  solid  osseous 
texture  which  forms  the  shaft  is  covered  by  a 
strong  and  firm  layer  of  connective  tissue 
termed  the  periosteum,  in  which  numerous 
bloodvessels  ramify,  and  is  lined  by  a  very 
thin  and  delicate  layer  of  the  same  tissue,  to 
which  the  term  endosteum  is  applied.  This 
also  is  freely  supplied  with  small  vessels  de- 
rived from  the  nutrient  artery  or  arteries 
of  the  bone.  From  both  the  external  and  in- 
ternal membranes  numerous  small  bloodves- 
sels penetrate  the  bone,  occupying  a  series  of 
canals  that  were  first  described  by  Clopton  Vertical  section  of  Tibia,  showing 
Havers,  and  have  been  named  after  him  the  ■"»* 
Haversian  canals.  These  for  the  most  part  run  parallel  to  the  central 
cavity,  communicating  however  with  one  another  by  frequent  transverse 


Fig.  21. 
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branches,  so  that  the  whole   system  forms  an  irregular  network, 


solid  texture,  and  adapted   for  the 


Fig.  22. 


pervading  every  part  of  the 

establishment  of  vascular  communication  throughout.  The  dia- 
meter of  the  Haversian  canals  varies  from  l-2500th  to  l-200th  of 
an  inch  or  more;  their  average  diameter  may  be  stated  at  about 
1 -500th  of  an  inch.  The  Arteries  and  Veins  usually  occupy  sepa- 
rate channels,  and  those  inclosing  the  latter  are,  in  some  instances,  a 
in  the  diploe  of  the  flat  bones  of  the  skull,  of  extraordinary  ampli- 
tude.   When  a  transverse  section  of  a  long  bone  is  made,  the  open 

orifices  of  the  longitudinal 
canals  present  themselves  at 
intervals,  sometimes  con- 
nected by  a  transverse  canal 
where  the  section  happens  to 
traverse  this.  Around  these 
orifices  the  osseous  matter  is 
arranged  in  the  form  of  cylin- 
drical lamella?,  producing  the 
appearance  of  concentric 
circles,  the  number  varying 
from  five  to  twenty  for  each 
Haversian  canal.  In  the 
spaces  intervening  between 

the   lamella?,  numerous  la- 
Minute  structure  ot  Bone,  an  shown  in  a  thin  section  cut  .,        j  , 
transversely  to  the  direction  of  the  Haversian  canals  : —  CUna?  are  Situated,  trie  cana- 
1,  one  of  the  Haversian  canals  surrounded  by  its  con-  Ijculi  from  which  penetrate 
centric  lamellae;  the  lacunae  are  seen  between  the  lamellae,            _.  .   .  ^ 
but  the  radiating  tubuli  are  omitted;  2,  an  Haversian  the  adjoining    lamella?,  pro 
canal  with  its  concentrio  laminae,  lacunae,  and  radiating  ,], ,,'  „a  fir    Ct^o-rrxatr*  lio 
tubuli;  3,  the  area  of  one  of  the  canals;  4,  4,  intervening  QUClnS)  as  UT-  OAarpey  na 
lamellae;  between  these  lamellae  at  the  upper  part  of  the  stated,  the  same  appearan 
figure,  several  very  long  lacunae  with  their  tubuli  are  seen.                   •,  •. 
In  the  lower  part  of  the  figure  the  outlines  of  two  other  as  WOUld  be  Seen  On  DOrin 
canals  are  given,  in  order  to  show  their  form  and  mode  of  JjoleS    to   some    depth  in 
arrangement  in  the  entire  bone.  ,    f  . 

straight  or  crooked  directio 
through  the  leaves  of  a  book,  excepting  only  that  the  passages  hav 
proper  parietes.  On  minute  examination  of  bones  softened  in  acid,  th 
lamella?  are  found-  to  present  a  well  marked  fibrous  structure,  the  fibres) 
being  transparent  and  decussating  each  other  in  the  form  of  an  extremeljj 
fine  network,  and  they  are  often  connected  or  bolted  together  by  perA 
forating  bundles  of  fibres  of  white  fibrous  or  of  yellow  elastic  tissuei 
The  spongy  flat  bones  contain  from  12  to  30  per  cent,  of  water,  tha 
compact  tissue  from  3  to  7  per  cent.  The  chemical  analysis  of  drier! 
bone  shows  that  it  consists  of  33  per  cent,  of  animal  matter,  which,  orj 
boiling,  yields  gelatine,  and  67  per  cent,  of  mineral  matter,  of  which  5« 
parts  are  composed  of  phosphate  of  lime,  8  parts  of  carbonate  of  lime! 
1  part  of  fluoride  of  calcium,  and  1  part  of  phosphate  of  magnesia! 
The  degree  of  hardness  of  bone  does  not  altogether  depend,  as  showil 
by  the  experiments  of  Dr.  Stark, f  on  the  proportion  of  mineral  deposit 
they  may  contain ;  for  the  flexible,  semi-transparent,  easily-divide(I 
bones  of  fish  contain  as  large  a  proportion  of  earthy  matter  as  the  ivory! 
like  leg  bones  of  the  deer  or  sheep.    As  a  general  ride,  the  bones  of  th#j 
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extremities  contain  more  carbonate  and  phosphate  of  lime  than  those  of 
the  trunk,  and  the  larger  long  bones  more  than  the  smaller  ones.  The 
power  of  resisting  pressure  possessed  by  bone  is  very  great,  being  nearly 
three  times  more  than  elm  or  ash,  and  twice  as  much  as  box,  yew,  or 
oak.*  The  weight  of  the  skeleton  is  to  that  of  the  whole  body  about  as 
10  5  : 100  in  man,  and  as  8*5  :  100  in  woman.  In  the  long  bones  of 
Man  and  of  most  Mammalia,  the  central  cavity,  which  may  be  con- 
sidered as  an  enlarged  Haversian  canal,  is  filled  with  the  fatty  matter 
known  as  marrow.  This  substance  differs  from  ordinary  adipose  tissue 
in  the  nearly  complete  absence  of  connective  tissue,  the  cells  being 
supported  by  the  spicula?  and  lamellae  of  bone  which  project  into  the 
cavity  of  the  shaft.  It  is  composed  of  96  parts  of  fat,  3  parts  of 
fluid,  and  1  part  of  connective  tissue.  In  the  cancellous  tissue 
forming  the  expanded  extremities  of  the  bones,  a  peculiar  reddish 
fluid  is  found,  to  which  also  the  term  marrow  has  been  incorrectly  ap- 
plied, since  it  contains  only  a  trace  of  fat.  Its  percentage  composition 
is — water,  75  parts;  albumen,  fibrin,  and  salts,  25  parts.  Bones  are 
but  feebly  supplied  with  sensibility.  A  few  small  nerves  may,  however, 
be  seen  to  enter  the  shafts  of  the  long  bones  with  their  nutritious  arte- 
ries, and  to  be  distributed  on  the  endosteum. 

46.  The  development  of  Bone  consists  in  the  conversion  either  of 
fibrous  membrane,  or  of  cartilage  into  osseous  tissue.    In  the  former 
case  the  ossification  is  said  to  be  intra-membranous,  in  the  latter,  intra- 
cartilaginous.    The  intra-membranous  form  of  ossification  principally 
occurs  in  the  flat  bones  of  the  head,  and  is  also  the  mode  by  which  the 
long  bones  increase  in  girth.    The  primary  tissue  presents  the  appear- 
ance of  ordinary  fibrous  membrane,  in  the  meshes  of  which  are  nume- 
rous nuclei,  osteoblasts,  or  corpuscles  of  '  germinal  matter.'    In  the  pro- 
cess of  ossification,  the  fibres  become  the  seat  of  calcareous  deposit, 
which  radiates  out  from  a  central  point,  advancing  along  the  fibres, 
and  rendering  them  opacpie  and  granular.    By  the  development  of 
connecting  spiculae  between  the  first-formed  radiating  stria?,  irregular 
areolae  are  soon  produced,  in  many  parts  partially  or  wholly  inclosing 
bloodvessels.     The  bone  then  increases  in  thickness  by  the  deposi- 
tion of  new  bone   proceeding  from  the  calcification  of  successive 
generations  of  osteoblasts,  which  line  the  areola?  like  an  epithelial 
layer,  and  in  extent,  by  the  lateral  development  of  the  radiating 
striae.    In  intra-cartilaginous  ossification  certain  preparatory  changes 
occur  in  the  cartilage,  which   consist  in  the  cells  undergoing  re- 
peated division,  so  as  to  form  cylindrical  piles  or  columns,  sepa- 
rated from  each  other  by  intercellular  substance  (Fig.  23).    It  is  in 
this  substance  that  the  ossific  matter  is  first  deposited,  appearing  in 
the  form  of  dark  granular  spiculae,  which  shoot  up  between  the  rows  of 
ceUa  from  the  surface  of  the  subjacent  bone,  or  radiate  from  a  central 
point.    If  the  cartilaginous  and  the  osseous  substance  be  separated  at 
this  period,  the  ends  of  the  rows  of  cartilage  cells  will  be  found  to  be 
received  into  deep  narrow  cups  of  bone ;  and  the  nuclei  in  immediate 
contact  with  the  ossifying  surface,  which  were  previously  in  close  appo- 
sition, separate  considerably  from  one  another  by  the  increase  of 

*  .Robinson,  in  Lancet,  1846,  vol.  i.  p.  346. 
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material  within  the  cells,  the  nuclei  themselves  becoming  larger  and 
more  transparent.    Small  connecting  spiculae  of  bone  then  form  between 

the   vertical   ones,  and  the   groups  of 
Fig.  23.  original  cartilage-cells  come  to  be  enclosed 

within  oblong  loculi  or  areolae,  which 
constitute  the  primary  medullary  spaces. 
The  young  cells  occupying  these  spaces 
may  be  divided,  according  to  Waldeyer, 
into  two  groups,  one  of  which  aids  in  the 
formation  of  the  osseous  tissue,  whilst  the 
other  developes  into  medullary  tissue. 
The  former  may  be  appropriately  termed 
'  osteoblasts,'  and  consist  of  masses  of 
granular  protoplasm,  or  germinal  matter 
apparently  destitute  of  any  investing  mem- 
brane, but  each  containing  a  nucleus, 
which  arrange  themselves  side  by  side,  like 
an  epithelial  layer,  on  the  inner  surface  of 
the  primary  areolae  of  bone  substance. 
Many  of  these  osteoblasts  may  be  seen 
undergoing  calcification,  and  half  buried 
in  the  newly-formed  yellowish  but  homo- 
geneous bony  deposit,  that  appears  as  an 
edging  to  the  darker  and  more  granular 
primary  trabecular,  whilst  in  other  parts 
they  may  be  seen  to  communicate  with 
Cartilage  at  the  seat  of  Ossification,  one  another  by  long  processes.  After  the 
S^^SWSSSS^fin^set,  which  proceed  directly  from  the 
which  is  inclosed  m  a  sheath  of  calcified  cartilage  cells,  have  been  used  up,  fresh 

intercellular  substance.  i  r    ^  t       i        -in.        aT-  HI1 

osteoblasts  are  developed  from  the  cells  01 
the  young  medullary  tissue.  Dr.  Sharpey,  Waldeyer,  and  others,  believe 
that  some  of  the  osteoblasts  become  Avholly  converted  into  bone,  in  which 
case  the  nuclei  vanish,  whilst  others  only  undergo  partial  calcification, 
the  central  portion  of  the  protoplasmic  mass  remaining  with  the  nucleus 
to  form  the  bone  lacuna.  Whilst  these  processes  are  occurring,  the 
bony  tissues  become  vascular,  partly  by  bloodvessels  from  the  investing 
membrane  of  the  bone  penetrating  or  pushing  their  way  in  from  with- 
out by  absorption,  and  partly  by  vessels  lying  on  the  surface  becoming 
surrounded  by  deposits  of  new  osseous  substance,  which  form  by  degrees 
the  series  of  enclosing  lamellae  that  constitute  an  Haversian  system. 
Of  the  bony  spiculae  and  lamellae  bounding  the  primary  areolae,  some 
have  been  shown  by  Dr.  Sharpey  to  be  speedily  absorbed  again,  and 
thus  to  form  larger  areolae,  which  are  to  be  seen  on  making  a  transverse 
section  a  little  below  the  ossifying  surface.  Even  after  the  completion 
of  the  bone,  moreover,  interstitial  changes  are  continually  taking  place 
in  its  substance,  as  in  that  of  the  softer  tissues,  old  Haversian  systems 
being  partially  or  entirely  removed  by  absorption,  and  new  ones  being 
developed  in  their  place.  And  it  is  to  the  persistence  of  portions  of 
those  older  Haversian  systems,  which  have  undergone  partial  absorp 
tion,  that  we  are  to  attribute  the  presence  of  those  intervening  lamina 
which  fill  up  the  spaces  between  the  existing  Haversian  systems 


CONNECTIVE  TISSUES  TEETH. 


49 


Fig.  24. 


The  clavicle  and  lower  jaw  are  the  first  bones  to  ossify,  their  osseous 
centres  or  points  of  ossification  appearing  at  the  close  of  the  first  month 
of  foetal  life.  Increase  in  the  length  of  a  bone — as  may  be  shown  in  ex- 
periments made  by  feeding  an  animal  with  madder,  the  newly  formed 
bone  being  deeply  tinged — takes  place  between  the  epiphyses  and  the 
shaft.  Increase  in  girth,  by  ossification  immediately  beneath  the  peri- 
steum. The  former  takes' place  by  intra-cartilaginous  or  endosteal, 
the  latter  by  intra-membranous  or  ectosteal  ossification. 

47.  Teeth. — As  soon  as  solid  food  is  introduced  into  the  mouth  it  is 
divided  and  comminuted  by  the  Teeth.  Partly  in  accordance  with  the 
general  fact  that  epithelial  growths  die  and  are  cast  off  to  be  replaced  by 
others  formed  beneath  them,  but  chiefly  to  allow  for  that  enlargement  of 
the  jaws  which  occurs  in  the  passage  from  infancy  to  adult  age,  two  sets 
of  these  organs  are  developed — the  first,  temporary  or  milk  teeth,  which 
last  up  to  the  seventh  or  eighth  year,  are  20,  the  second,  or  permanent 
set,  are  32  in  number.  Both  are  firmly  imbedded  in  sockets  or  alveoli 
of  the  upper  and  lower  jaws.  The  front  or  incisive  teeth  (8  in  number) 
are,  as  their  name  implies,  provided  with  a  cutting  edge  for  the  pre- 
hension and  division  of  morsels  of  food  of  ap- 
propriate size  for  mastication.  The  sharp-pointed 
canines  (4  in  number)  pierce  and  cut  the  firmer 
and  tougher  constituents  of  our  ordinary  ali- 
ment, whilst  the  bicuspids  (8)  and  the  molars 
(12)  triturate  and  bruise  the  food,  till,  with  the 
aid  of  the  saliva,  it  is  reduced  to  the  consistence 
of  pulp ;  it  is  then  fitted  for  deglutition.  Every 
tooth  consists  of  a  crown,  a  neck,  and  one  or 
more  fangs  (Fig.  24),  and  in  all  three  struc- 
tures are  found — the  dentine,  which  gives  the 
general  form  and  size  to  the  tooth  ;  the  enamel, 
which  caps  the  crown ;  and  the  crusta  petrosa, 
which  invests  the  fang.  On  examining  a  thin 
longitudinal  section  of  a  tooth,  the  crusta  is 
found,  like  the  shaft  of  the  long  bones,  to  be 
hollowed  out  into  a  pulp  cavity,  containing  a 
little  connective  tissue,  with  bloodvessels  and 
nerves.  These  enter  by  a  minute  orifice  at  t?o<&  ^"enamel ; 
the  extremity  of  the  fang.     The  dentine  which  cementum  or  crusta  petrosa ;  e, 

„,.„„,    j     ,r_  -i  • ,      •  ,      „      dentine  or  ivory;    d,  osseous 

surrounds   the    pulp-Cavity  IS    Composed  OI    a  excrescence,   arising  from  hy- 

matrix,  which  is  traversed  by  numerous  tubuli,  ^^ubseque^E  ^ 
tnat  radiate  from  the  pulp-cavity  towards  the  osteodentins  j  f,  osspous  lacunas 
external  surface  of  the  tooth,  and  which  pursue  at  outer  part  of  dentine, 
a  gently  undulating  course,  dividing  dichotomously,  and  sending  off 
minute  branches.  In  dry  sections  the  tubuli,  having  a  diameter 
of  about  1-45 00th  of  an  inch,  are  seen  to  open  into  the  pulp- 
cavity  by  one  extremity,  and  by  the  other  to  terminate  either  by 
exquisitely  fine  branches,  or  in  similar  cavities  in  the  dentine,  or 
overstepping  the  limits  of  this,  to  end  in  the  enamel,  or  crusta 
petrosa.  The  tubuli  are  most  closely  set  near  the  crown  of  the 
tooth.  In  the  living  state  they  are  occupied  by  prolongations  of 
the  protoplasmic  substance  which  fills  the  pulp-cavity.    The  matrix 
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intervening  between  the  tubuli  is  clear  and  homogeneous,  and  in  soft- 
ened specimens  gives  evidence  of  being  deposited  in  lamellae,  concentric 
with  the  pulp-cavity  (Sharpey).    Near  the  outer  surface  of  the  dentine, 


Fio.  25. 


Section  through  the  fang  of  a  Molar  Tooth  : — a,  a,  dentine  traversed  by 
its  tubuli ;  b,  b,  nodular  layer  ;  c,  c,  cementum. 


and  also  forming  certain  arched  contour  lines  at  the  crown  of  the  tooth, 
is  a  peculiar  modification  of  the  matrix,  which  appears  to  be  cleft  into 
spaces  bounded  by  globular  masses  perforated  with  dentinal  tubuli^ 
the  so-called  interglobular  layer.  The  enamel  (Fig.  2G)  is  composed  of 
solid  hexagonal  prisms  of  about  the  1 -5000th  of  an  inch  in  diameter, 
arranged  vertically  to  the  dentinal  surface  on  which  they  rest,  and 

firmly  adherent  to  one  an- 
°-  other.    The  course  of  these 

prisms  is  generally  wavy, 
and  their  surfaces,  in  sec- 
tion, are  marked  by  trans- 
verse strise.  Enamel  is  the 
hardest  of  all  the  tissues  o 
the  body.  The  crusta  petrosa, 
or  cementum,  corresponds 
in  all  essential  particular 
with  bone,  possessing  it' 
characteristic  lacuna?  an 
canaliculi.  It  is  destituteJ 
however,  of  any  lamellar] 
structure.  It  is  thickest  atj 
the  extremity  of  the  fang,  and  becomes  gradually  thinner  towards  tha 
neck  of  the  tooth,  where  it  terminates.  The  following  are  the  results 
of  Von  Bibra's  analysis  of  the  component  structures  of  human  teeth : — | 


a  Transverse  section  of  Enamel,  showing  the  hexagonal 
form  of  its  priBtns  ;  b,  separated  prisms. 
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In  tracing  the  development  of  the  teeth,  they  are  found  to  be  essentially 
epithelial  structures,  which  have  undergone  calcification.  At  the  sixth 
week  of  foetal  life  a  deep  narrow  groove  may  be  perceived  in  the  upper 
jaw  of  the  human  embryo,  between  the  lip  and  the  rudimentary  palate. 
This  is  speedily  divided  into  two  by  a  ridge,  which  afterwards  becomes 
the  external  alveolar  process ;  and  it  is  in  the  inner  groove,  which  is 
termed  the  primitive  dental  groove,  that  the  germs  of  the  teeth  subse- 
quently appear.    At  about  the  seventh  week  there  is  seen  on  the  floor 

Fig.  27. 


Successive  stages  of  the  Development  of  the  Deciduous  or  Temporary 
Teeth,  and  of  the  origin  of  the  capsules  of  the  Permanent  set : — a,  Primi- 
tive dental  groove,  seen  in  transverse  section  ;  b,  origin  of  dental  papilla 
from  its  floor,  the  pit  being,  in  the  recent  state,  roofed  in  by,  and  filled 
with,  epithelium  cells ;  c,  papilla  projecting  from  the  mouth  of  its 
follicle;  d,  e,  formation  of  the  opercula,  which  meet  over  the  papilla;  /, 
incipient  formation  of  cavity  of  reserve ;  g,  h,  i,  formation  of  capsules  and  pa- 
pillae of  permanent  teeth  from  cavity  of  reserve,  and  eruption  of  milk-teeth. 

of  this  groove,  shown  in  transverse  section  at  a,  Fig.  27,  on  each 
!  side  of  the  jaw,  an  ovoidal  papilla,  (6),  which  is  the  germ  of  the  anterior 
temporary  molar.  At  the  eighth  week  that  for  the  canine  tooth  appears, 
I  at  the  ninth  those  for  the  central  and  lateral  incisors,  and  at  the  tenth 
week  that  for  the  posterior  milk  molar  tooth.  In  the  next  period,  the 
papilla?  are  separated  from  one  another  by  transverse  septa,  composed  of 
mucous  membrane.  Each  papilla  is  thus  lodged  in  a  four-sided  com- 
partment, or  follicle,  formed  by  the  anterior  and  posterior  borders  of  the 
primitive  dental  groove  and  by  the  septa  on  either  side.  At  the  thir- 
teenth week,  all  the  follicles  being  completed,  the  papillae,  which  were  at 
first  composed  of  minute  granules  and  cells  scattered  through  a  clear  ma- 
trix, begin  to  assume  forms  more  characteristic  of  the  teeth  which  are  to  be 
developed  from  them,  and  by  their  rapid  growth  protrude  from  the 
mouths  of  the  follicles  (c).  At  the  same  time  the  edges  of  the  fol- 
licles are  lengthened  into  little  valve-like  processes,  or  opercula,  which 
are  destined  to  meet  and  form  covers  to  the  follicles  (<f).  There  are  two 
of  these  opercula  in  the  incisive  follicles,  three  for  the  canines,  and  four 
or  five  for  the  molars.  By  the  fourteenth  week  the  two  lips  of  the 
dental  groove  meet  over  the  mouths  of  the  follicles,  so  as  completely  to 
inclose  each  papilla  in  a  distinct  capsule.  At  this  period,  before  the 
calcification  of  the  primitive  pulps  commences,  a  provision  is  made  for 
the  production  of  the  1  permanent'  teeth,  whose  capsules  originate  in 
buds^  or  offsets  from  the  upper  part  of  the  capsules  of  the  '  temporary' 
or  milk  teeth  (J).  These  offsets  are  at  first  in  the  condition  of  open 
follicles  communicating  with  the.  cavity  of  the  primitive  tooth;  but 
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they  are  gradually  closed  in,  and  detached  altogether  from  the  capsules 
of  the  milk  teeth  (<j,  h,  i).    The  three  permanent  molars,  which  are 
superadded  in  the  adult  to  the  milk  teeth  of  the  infant,  are  produced  by 
a  precisely  similar  process  of  budding  from  the  sac  detached  from  that 
of  the  last  milk  molar.    It  appears,  then,  that  in  man  the  teeth,  in  the 
process  of  their  development,  pass  through  three  stages — the  papillary, 
the  follicular,  and  the  saccular.    There  seems  to  be  some  doubt  whether 
previously  to  the  saccular  stage  the  papillae  really  lie  in  open  pits  in  the  j 
jaw,  as  described  by  Goodsir,  since  in  several  animals  the  superficial  layers  I 
of  epithelium  have  been  traced  over  the  follicle,  and  the  depression  in 
which  the  papillae  are  lodged  is  believed  by  some  to  be  formed  by  the  sink- 
ing in  of  the  mucous  membrane  at  the  point  corresponding  to  the  position  I 
of  the  future  tooth,  the  depression  being  lined  by  the  deeper  layers  off 
the  epithelium,  which  subsequently  become  the  so-called  enamel  organ.! 
As  regards  the  development  of  the  several  parts  of  the  teeth,  the  first! 
traces  of  the  dentine  are  seen  in  the  outer  and  terminal  part  of  thei 
papilla?  beneath  a  delicate  investing  membrane,  called  Nasmyth's  mem-l 
brane,  or  the  membrana  preformativa.    The  outermost  cells  of  the  purr, 
enlarge,  become  elongated,  and  arranged  perpendicularly  to  the  surfacel 
(Fig.  28).    The  condition  of  the  tooth  pulp  at  this  period  may  bej 


Fig.  28. 
b 


■re* 
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Thin  section  of  the  inner  portion  of  the  Dentine,  and  of  the  surface  of 
the  Pulp,  of  an  adult  Incisor  Tooth  : — a,  portion  in  which  calcification  is 
complete,  showing  separate  globular  masses  at  the  line  of  junction  with 
the  uncalcided  suostaDce,  b  ;  at  e  are  seen  oval  masses  of  germinal  matter 
(cells),  with  formed  material  on  their  outer  surface;  d,  terminal  portions 
of  nerve-fibres. 

likened  to  that  of  incipient  cartilage,  each  of  its  so-called  cells  being  ij 
reality  a  segment  of  '  germinal  matter,'  not  invested  by  a  proper  mer 
brane,  but  inclosed  in  the  'formed  material'  which  has  been  produc 
from   its  peripheral  portion,   the  'formed  material'  of  the  separnfi 
segments  constituting  what  is  commonly  designated  the  '  intertubi ' 
substance.'    At  the  plane  of  calcification,  the  segments  of  'gerrninj 
matter'  are  described  by  Prof.  Beale  as  giving  off  long  processes,  whitf 
extend  themselves  into  the  '  formed  material'  in  the  direction  of  tfl 
surface  of  the  tooth ;  and  it  is  in  the  intervals  between  these  that  tl 
calcification  of  the  matrix  or  'formed  material'  takes  place,  as  show 
at  a.    The  calcareous  salts  are  at  first  deposited  in  detached  nodul| 
masses  (as  seen  at  the  junctions  of  the  light  and  dark  portions  of  tt 
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figure),  which  are  usually  augmented  by  additional  deposits  on  their 
surfaces,  until  they  completely  coalesce,  so  as  to  form  a  continuous  mass 
of  calcified  dentine,  penetrated  by  the  sarcodic  extensions  of  the  seg- 
ments of  germinal  matter  forming  the  tooth  pulp.  But  we  sometimes 
rind  this  coalescence  incomplete,  especially  at  the  external  surface  of  the 
crust  of  dentine  ;  and  when  the  portions  of  uncalcined  matrix  left  be- 
tween the  nodules  have  shrunk  by  the  drying  up  of  the  tooth,  air  spaces 
are  left,  which  give  the  black  appearance  shown  in  Fig.  27  (b). 
.  After  the  matrix  of  the  dentine  has  undergone  calcification,  the  processes 
.  of 1  germinal  matter'  by  which  it  is  penetrated  gradually  undergo  con- 
version at  their  surface  into  4  formed  material.'  This  gives  origin  to 
the  calcification  of  what  have  been  described  as  the  '  proper  walls'  of  the 
dentinal  tubuli,  which  being  solidified  at  a  later  period  than  the  sur- 
rounding intertubular  surface,  appear  distinct  from  it.  The  tubes 
continue  for  a  time  to  be  occupied  throughout  their  whole  length  by 
processes  of  sarcodic  substance  extended  from  the  tooth  pulp,  but  these 
.  gradually  shrink  and  become  reduced  in  diameter  on  the  completion  of 
the  changes  to  which  they  are  subservient,  and  at  last  are  only  found 
in  the  inner,  or  last-formed  portion  of  the  dentine.  The  formation 
of  the  Enamel  takes  place  immediately  beneath  the  preformative 
membrane,  on  the  surface  of  the  newly-calcified  dentine,  in  a  series  of 
cells  which  grow  from  within  outwards,  and  correspond  to  the  super- 
ficial layers  of  the  epithelium,  just  as  the  cells  of  the  dentine  correspond  to 
those  of  the  deeper  layers.  In  the  enamel  cells  the  '  germinal  matter'  or 
nucleus  gradually  moves  outwards,  deriving  its  nourishment  from  the 
outer  or  upper  surface,  and  producing  formed  material  at  the  opposite 
extremity.  This  formed  material  assumes  the  form  of  a  prism,  and  its 
oldest  portion — the  part  nearest  to  the  dentine — gradually  becomes  im- 
pregnated with  calcareous  matter  which  advances  towards  the  surface, 
the  preformative  membrane  being  only  the  last  remaining  and  still  im- 
perfectly calcified  portion  of  the  enamel  cells.  The  cementum  or  crusta 
petrosa  is  formed  in  the  same  manner  as  the  enamel,  from  a  layer  of 
cells  on  the  surface  of  the  dentine,  and  it  is  not  unfrequently  found  that 
the  cementum  passes  gradationally  into  the  enamel,  the  fibrous  struc- 
ture characteristic  of  the  latter  being  combined  with  the  lacunar  struc- 
ture of  the  former.  The  following  are  the  principal  dates  connected 
with  the  development  and  eruption  of  the  teeth  : — 


Temporary  or  deciduous  teeth 
Period  of  formation  of  papilla.! 


Anterior  molars 
Canines 

Central  incisors 
Lateral  incisors 
Posterior  molars 


Week  of 
intra-uterine 
life. 
7th 
8th 
9th 
9th 
10th 


Period  of  eruption. 


Cent,  incisors 
Lat.  incisors 
Ant.  molars . 
Canines  .  . 
Post,  -molars 


Month 
after 
birth. 
7th 
8-10th 
12-13th 
14-2 0th 
18-36tli 


Permanent  teeth. 


Period  of  eruption. 


Years. 

First  molars  .  . 

.  64 

-  7 

Central  incisors  . 

.  7 

-  8 

Lateral  incisors  . 

.  8 

-  9 

First  bicuspids  . 

.  9 

-10 

Second  bicuspids 

.  10 

-11 

Canines    .    .  . 

.  12 

-12i 

Second  molars  . 

.  124 

-14" 

Tli iid  molars  .  . 

.  16 

-30 
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CHAPTER  IV. 

CHEMICAL  COMPOSITION  OF  THE  BODY. 

48.  The  materials  of  which  the  blood  and  the  several  tissues  of  the  body 
are  composed  when  subjected  to  chemical  examination  are  found  to  be 
readily  divisible  into  two  groups,  the  inorganic,  and  the  organic.  The 
former  includes  the  following  substances,  Oxygen,  Hydrogen,  Nitrogen, 
Carbon,  Sulphur,  Phosphorus,  Chlorine,  Fluorine,  Potassium,  Sodium, 
Lithium,  Calcium,  Magnesium,  Silicon,  and  Iron.  Lead  and  Copper  are 
occasionally  present.*  The  principal  combinations  of  these  elementary 
substances  are  water,  carbonic  acid,  and  ammonia:  the  carbonates,  chlorides, 
sulphates,  and  phosphates  of  the  alkalies  and  of  the  alkaline  earths,  and 
sulphocyanide  of  potassium.  Sulphuretted  and  carburetted  hydrogen, 
which  are  found  in  the  intestinal  canal,  can  scarcely  be  reckoned  amongst 
the  components  of  the  body,  since  they  result  from  changes  occurring  in 
1  the  food  previously  to  its  absorption,  and  are  either  never,  or  only  under 
exceptional  circumstances,  taken  up  by  the  blood.  The  physiological 
significance  of  the  various  saline  constituents,  except  in  so  far  as  relates 
to  the  bony  skeleton,  has  not  been  satisfactorily  ascertained,  though  in 
many  instances  it  is  probable  they  serve  to  retain  in  solution  some  of 
the  organic  compounds.  The  greater  proportion  of  the  salts  are  in- 
gested with  the  food,  and  undergo  solution  in  water  before  being 
absorbed.  In  some  few  instances,  however,  they  appear  to  be  formed  in 
the  body,  as  in  the  case  of  the  sulphates,  which  are  in  part  derived  from 
the  food,  and  in  part  from  the  oxidation  of  the  sulphur  contained  in 
the  albuminous  compounds.  The  salts  are  eliminated,  and  for  the 
most  part  unaltered,  by  the  kidneys  and  bowels.  The  chief  exceptions 
to  this  rule  are  found  in  the  salts  of  the  vegetable  acids,  as  the  tartrates, 
malates,  and  citrates,  which  are  discharged  in  the  condition  of  carbonates. 
The  most  widely  distributed  as  well  as  perhaps  the  most  important 
salt  in  the  body  is  chloride  of  sodium,  or  common  salt.  The  blood  con- 
tains rather  more  than  four  parts  in  1000,  and  the  proportion  under- 
goes but  little  variation,  whether  an  excess  or  a  deficiency  be  ingested 
with  the  food — in  the  one  case  the  superfluous  quantity  being  quickly 
eliminated  by  the  urine,  and  in  the  other  the  system  retaining  its  hold 
of  the  salt  with  such  pertinacity  that  the  quantity  discharged  falls  to 
a  minimum,  or  altogether  ceases  to  appear.  It  was  well  shown  by 
Boussingault,f  that  when  of  two  sets  of  oxen  one  was  allowed  the  unre- 
stricted use  of  salt,  whilst  the  other  was  as  far  as  possible  deprived  of 
its  use,  a  marked  contrast  was  observable  in  the  course  of  a  few  weeks 
between  them,  and  manifestly  to  the  advantage  of  the  former.  The 
carbonate  and  phosphate  of  soda  fulfil  an  important  office  in  retaining  in 

*  See  Blasins,  who  has  recently  found  one  part  of  these  metals  in  1430  of  the  ashes 
of  the  heart,  liver,  spleen,  and  kidneys  of  man.  "  Zeitechrift  f.  rat.  Med."  xxvi. 
p.  250.  See,  however,  Lossen  (Erdmann's  "  Journ.  f.  Chemie,"  1866,  p.  460),  who  con- 
siders that  when  present  they  are  accidental. 

+  "Memoirc  de  Chimie  Agricole,"  1854,  p.  271. 
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solution  the  carbonic  acid  generated  by  the  disintegration  of  the  blood 
and  of  the  tissues,  thus  constituting  the  means  by  which  the  gas  is  con- 
veyed to  the  lungs,  where  it  is  eliminated  in  exchange  for  oxygen. 

49.  The  second  or  organic  group  of  compounds  are  readily  sub- 
divisible into: — 1.  The  albuminous  constituents,  including  gelatine. 
2.  The  oleaginous  substances  or  fats.  And  3.  The  farinaceous  and 
saccharine  materials.  Besides  these,  however,  a  large  and,  with  ad- 
vancing knowledge,  constantly  extending  group  of  substances  has  been 

!  recognized,  which  may  be  regarded  as  bridging  over  the  interval  be- 
tween the  two  primary  divisions  above-mentioned  of  organic  and  in- 
organic constituents  of  the  body,  approximating  to  the  latter  in  the 
freqxiency  with  which  they  present  a  crystalline  form,  whilst  they 

i  resemble  the  former  in  possessing,  in  many  instances,  a  complex  atomic 

.  constitution,  in  which  Carbon,  Hydrogen,  Oxygen,  and  Nitrogen  are 
the  most  important  elements,  and  in  proceeding,  as  their  formulae 
indicate,  from  the  retrogressive  metamorphosis  of  the  tissues  or  of  the 

i  albuminous  compounds. 

50.  Albuminous  Compounds. — Plants  alone  are  capable  of  producing 
albuminous  substances  or  '  Proteids'  from  the  direct  union  of  their 
elements ;  and  from  this  source  are  derived  all  the  supplies  required 

■  for  the  maintenance  of  their  bodies  by  the  Herbivora,  which  again 
I  yield  them  up  to  the  Carnivora.  The  chief  facts  deserving  of  atten- 
tion in  the  chemical  history  of  the  Proteids  are,  that  they  are  all  com- 
posed of  Carbon,  Hydrogen,  Nitrogen,  and  Oxygen,  with  in  most 
instances  Sulphur  and  Phosphorus,  and  so  complex  is  the  grouping  of 
their  atoms  that  it  is  almost  impossible  to  represent  them  by  any 
rational  formula.  A  knowledge  of  their  percentage  composition  is 
more  easily  attained,  and  that  of  albumen  itself  may  with  very  slight 
It  alteration  stand  for  all.  In  100  parts  of  pure  albumen  dried  at 
I!  212°  F.  there  are  of  Carbon,  53*5;  of  Hydrogen,  7;  of  Nitrogen, 
15'5;  of  Oxygen,  22*4;  and  of  Sulphur,  1*6  parts;  to  which  some 
add  Phosphorus,  0*4.  Most  of  the  Proteids  exist  in  two  states — a  solu- 
ble, and  an  insoluble.  The  former  may  be  obtained  by  evaporating 
the  fluids  in  which  they  are  contained  at  a  comparatively  low  tem- 
perature to  dryness,  when  the  albuminous  substance  appears  as  a 
semi-transparent  yellowish  material,  resembling  gum  arabic,  free  from 
taste  and  smell,  neutral  to  test-paper,  and  with  the  exception  of 
Haemoglobin,  quite  destitute  of  any  tendency  to  crystallize.  The 
insoluble  form  is  obtained  by  heat  or  by  precipitation  with  various 
chemical  reagents,  and  forms  whitish  flocculent  masses,  which  pre- 
sent a  granular  aspect  under  the  microscope.  A  moderately  strong 
solution  of  albumen  in  water  becomes  turbid  at  140° ;  becomes 
completely  insoluble  at  145°;  and  separates  in  flakes  at  167° ;  when 
excessively  diluted,  however,  no  turbidity  can  be  produced  by  a  less 
heat  than  194°.  After  having  been  dried  in  vacuo,  or  at  a  temperature 
below  120°,  albumen  may  be  heated  to  212°  without  passing  into  an 
insoluble  condition.  The  albuminous  compounds  belong  to  the  group 
of  Colloids,  founded  by  Professor  Graham,  which  possess  an  extremely 
low  power  of  diffusion  through  animal  membranes.  To  this  peculiarity 
their  feeble  taste  may  in  all  probability  be  attributed.  They  have 
little  or  no  smell.    They  dissolve  in  concentrated  acetic  and  phosphoric 
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acids,  and  with  partial  decomposition  in  caustic  alkalies.  They  are 
precipitated  by  alcohol,  ether,  tannic  acid,  corrosive  sublimate,  and  most 
of  the  mineral  acids.  Concentrated  nitric  acid  stains  them  yellow,  and 
concentrated  hydrochloric  acid  dissolves  them  with  some  decomposition, 
since  on  boiling  with  free  access  of  air  the  solution  assumes  a  blue  colour. 
They  are  precipitated  by  ferrocyanide  of  potassium.  Solution  of  iodine 
stains  them  of  a  yellow  colour,  and  they  all  become  red  at  212°F. 
when  acted  on  by  Millon's  reagent,  which  consists  of  a  solution  of  the 
proto-  and  per-nitrate  of  mercury.  Von  Gorup  Besanez*  observes  that, 
when  acted  on  by  powerful  oxidizing  agents,  the  albuminous  compounds 
yield  formic,  acetic,  propionic,  butyric,  valerianic,  capronic,  and  benzoic 
acids,  the  aldehydes  of  these  acids,  ammonia,  and  volatile  bases ;  whilst 
by  the  action  of  acids,  alkalies,  and  during  putrefaction,  they  give  rise 
to  volatile  fatty  acids,  leucin,  tyrosin,  ammonia,  volatile  bases,  sulphide 
of  ammonium,  and  a  volatile  crystallizable  substance  having  the  odour 
of  fasces. 

The  albuminous  compounds,  as  the  following  table  taken  from  the 
same  author  will  show,  are  widely  distributed  through  the  body,  and  in 
fact  may  almost  be  said  to  be  everywhere  present. 

In  1000  parts  of— 


Fluids.  are 

Cerebro-spinal  fluid   0'9 

Aqueous  humour  of  the  eye   P4 

Liquor  amnii   7'0 

Intestinal  juice   9.5 

Pericardial  fluid   23*6 

Lymph   24'6 

Pancreatic  secretion   333 

Synovia   39' 1 

Milk   39-4 

Chyle   40-9 

Blood   1956 

TisBues. 

Spinal  cord   .  74*9 

Brain  863 

Liver  117-4 

Thymus  (of  calf)  1229 

Egg  (of  fowl)  134-3 

Muscle  16P8 

Middle  coat  of  the  arteries   273-3 

Crystalline  lens   383" 


Fibrin  appears  to  be  a  compound  formed  by  the  union  of  two  kinds 
of  albumen,  which  are  constantly  present  in  the  blood,  and  in  inflam- 
matory exudations ;  its  properties,  as  well  as  those  of  hasmo-crystalline 
or  the  albuminous  constituent  of  the  blood  corpuscles,  will  be  found  de- 
fcailed  in  the  section  devoted  to  the  consideration  of  the  blood.  A  sub- 
stance presenting  numerous  points  of  similarity  to  Fibrin,  if  not  iden- 
tical  with  it,  has  been,  obtained  by  Mr.  A.  Smee,f  by  passing  oxygen 
through  defibrinated  blood  to  which  ordinary  ov-albumen  has  been 
added,  or  through  albumen  slightly  acidified  with  acetic  acid,  and  also  b 
transmitting  feeble  currents  of  electricity  through  an  albuminous  fluid 

*  "  Phys.  Chemie,"  1862,  p.  127. 
t  "  Proceedings  of  the  Royal  Society,"  January  15,  1863. 
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when  it  accumulates  around  the  positive  pole,  where  oxygen  is  elimi- 
nated. The  substance  to  which  the  term  Casein  was  formerly  applied, 
and  which  is  so  abundant  in  milk,  has  lately  been  shown  to  be  only  a 
combination  of  albumen  with  soda,  the  albumen  playing  the  part  of  an 


ac 


id* 


Myosin. — The  term  Myosin  is  applied  to  the  coagulum  which  forms 
in  the  juice  of  muscle.  It  differs  from  fibrin  in  its  transparency  and  in 
its  remaining  gelatinous,  without  any  tendency  to  assume  a  fibrous  cha- 
racter, but  resembles  that  substance  in  its  remarkable  power  of  quickly 
*  decomposing  peroxide  of  hydrogen  ;  it  loses  this  property  at  a  tempera- 
ture of  140°  F.  It  separates  from  the  muscle  plasma  or  juice  very 
-  sloAvly  at  33°  F.,  but  with  great  rapidity  at  104°  F.  An  immediate 
coagulum  occurs  in  the  plasma  on  dropping  it  into  cold  distilled  water, 
or  on  the  addition  of  diluted  acids  or  solution  of  common  salt  (ten  to 
twenty  per  cent.).  The  coagulum  thus  formed  remains  insoluble  in 
water,  but  is  easily  dissolved  in  dilute  acids  and  alkalies,  and  in  five  to 
ten  per  cent,  solutions  of  common  salt.  In  a  state  of  purity,  myosin 
has  no  action  on  vegetable  colours.  In  the  act  of  solution  in  dilute 
acids,  it  is  converted  into  syntonin.  Kiihne  considers  that  to  the 
coagulation  of  the  myosin,  the  condition  of  the  muscles  termed  Rigor 
mortis  is  to  be  referred. 

Syntonin  can  be  extracted  in  large  quantities  from  muscles  by  the 
action  of  a  solution  of  hydrochloric  acid,  containing  one  part  of  the 
acid  to  1000  of  water,  which  in  itself  is  sufficient  evidence  that  the 
albuminous  constituent  of  muscle  is  not  identical,  as  was  formerly  sup- 
posed, with  fibrin.  Syntonin  is  precipitated  from  its  solution  by  exact 
neutralization,  is  easily  soluble  in  dilute  acids  and  alkalies,  and  in  solu- 
tions of  the  alkaline  carbonates,  but  it  is  quite  insoluble  in  solutions  of 
common  salt,  and  the  chlorides  of  ammonium  and  calcium.  It  does  not 
decompose  peroxide  of  hydrogen.  The  acid  solutions  of  syntonin  do 
not  coagulate  at  a  boiling  temperature. 

51.  In  close  relationship  with  the  albuminous  compounds,  stand  a 
series  of  substances  into  which  albumen  is  either  converted  in  the  act 
oi  digestion,  as  peptone,  or  which  may  be  obtained  from  various  secre- 
tions and  tissues,  as  ptyalin,  pepsine,  and  pancreatine,  which  constitute 
the  organic  bases  of  the  salivary,  gastric,  and  pancreatic  fluids,  respec- 
tively ;  mucin,  contained  in  mucus  ;  spermatin,  from  the  spermatic  fluid  ; 
elastin,  keratin,  collagen,  and  chondrin,  which  are  severally  found  in 
elastic,  horny,  and  connective  tissue,  and  in  cartilage. 

Ptyalin  is  obtained  by  acidulating  saliva  with  phosphoric  acid,  and 
precipitating  with  lime  water.  The  ptyalin  falls  with  the  phosphate  of 
hme,  from  whence  it  may  be  extracted  by  distilled  water.  It  contains 
nitrogen,  and  is  thrown  down  from  its  watery  solution  by  alcohol,  but 
Jts  reactions  show  conclusively  that  it  is  not  identical  with  albiimen. 

eat  interest  is  attached  to  it  in  consequence  of  its  remarkable  power  of 
converting  starch  into  sugar. 

I  epsine  may  be  obtained  from  the  gastric  juice,  in  a  pure  or  nearly 
pure  state,  by  a  method  suggested  by  Brucke,f  which  consists  in  mace- 

*  Kiihne,  "Physic-log.  Chemie,"  1868,  pp.  175  and  565. 
T  *or  a  fuller  account  than  that  given  in  the  text,  see  Kiihno,  "  Physioloerisch 
Uiemie,"  1866,  p.  34. 
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rating  the  mucous  membrane  of  the  stomach  in  a  considerable  quantity 
of  a  five  per  cent,  solution  of  phosphoric  acid,  at  a  temperature  of  95°  F. 
Artificial  digestion  of  the  membrane  soon  occurs,  and  to  the  fluid  which 
results  chalk  and  water  is  added  till  the  acidity  is  nearly  neutralized. 
The  precipitate  of  phosphate  of  lime  which  falls  carries  down,  mecha- 
nically adherent  to  it,  the  whole  of  the  pepsine.  The  precipitate  is  dis- 
solved in  dilute  hydrochloric  acid,  and  treated  with  a  saturated  solution 
of  cholesterine  in  a  mixture  of  alcohol  and  ether.  The  cholesterine 
immediately  separates,  and,  rising  to  the  surface,  also  carries  with  it 
nearly  all  the  pepsine.  The  two  substances  may  then  be  separated 
by  dissolving  the  moist  cholesterine  mass  in  pure  ether.  A  small  quan- 
tity of  watery  fluid  remains,  which  is  found  to  be  a  concentrated  solu- 
tion of  pure  pepsine.  On  evaporation  by  exposure  to  the  air  at  ordinary 
temperature,  a  greyish  white,  amorphous,  nitrogenous  material  remains, 
which  is  not  hygrometric,  and  is  incapable  of  assuming  the  crystalline 
form.  It  dissolves  with  difficulty  in  water,  but  more  easily  in  dilute 
acids,  and  then  possesses  powerful  digestive  properties.  Its  solution  is 
precipitated  by  chloride  of  platinum,  and  by  the  neutral  and  basic  ace- 
tates of  lead,  but  not  by  concentrated  nitric  acid,  iodine,  tannic  acid,  or 
bichloride  of  mercury.  The  pepsine  of  the  shops  is  very  impure,  con- 
taining with  some  pepsine  much  peptone  and  starch ;  yet  its  activity  is 
considerable.  Pepsine  acts  energetically  when  combined  with  from 
0*1  to  7  per  cent,  of  hydrochloric  or  sulphuric  acid;  with  0-2  to  12 
per  cent,  of  ordinary  phosphoric  acid  ;  with  Ol  to  5  per  cent,  of  nitric 
acid ;  and  with  from  1  to  5  per  cent,  of  acetic,  lactic,  and  oxalic  acids. 
In  order  that  its  solvent  powers  should  be  exerted,  it  is  imperatively 
necessary  that  it  should  possess  an  acid  reaction  ;  the  neutralization  of 
its  normal  acidity  with  carbonate  of  soda  having  been  shown  by  Bernard 
to  effect  the  immediate  arrest  of  the  digestive  process.  An  exceedingly 
small  quantity  of  pepsine,  in  the  first  instance,  will  suffice  to  dissolve  an 
apparently  unlimited  amount  of  fibrin,  providing  fresh  additions  of 
diluted  acid  be  constantly  made  ;  the  pepsine  appearing  only  to  deter- 
mine the  solution  of  the  albuminoid  substance  in  the  acid.  The  tem- 
perature most  favourable  for  the  performance  of  artificial  digestion  is 
95°  F.  A  boiling  temperature,  and  even  one  not  exceeding  140°  F., 
deprives  pepsine  of  its  peculiar  properties ;  and  scarcely  any  digestion 
occurs  at  a  temperature  of  40°  F. 

Gelatin  on  Collagen. — This  substance  is  obtained  by  boiling  con- 
nective tissue,  articular  fibro-cartilage,  or  bone,  with  water.  The  solu- 
tion gelatinizes  on  cooling,  even  when  the  gelatin  is  only  present  in  the 
proportion  of  1  per  cent.  It  is  precipitated  by  alcohol  and  ether,  but 
not  by  acids,  with  the  exception  of  tannic  acid,  which  constitutes  its 
most  delicate  test.  It  is  also  precipitated  by  chlorine  water  and  cor- 
rosive sublimate,  but  not  by  other  salts  of  mercury,  nor  by  those  of 
silver,  copper,  lead,  or  alum,  nor  by  ferro-  or  ferrid-cyanide  of  potas- 
sium. Its  percentage  constitution  when  procured  from  tendon  is  C  50*9, 
H  7-2,  N  18-3,  0  23,  and  S  -56.  When  acted  on  by  oxidizing  agents 
it  furnishes  the  same  products  of  disintegration  as  the  albuminated  com- 
pounds, and  with  sulphiu'ic  acids  and  alkalies  it  yields  Leucin  and  Glycin. 

Elastin  is  the  basis  of  elastic  tissue,  and  may  be  obtained  from  it  by 
boiling  it  successively  with  alcohol,  ether,  water,  concentrated  acetic 
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acid,  diluted  alkaline  leys,  and  hydrochloric  acid.  When  the  residue  is 
:  thoroughly  washed  it  forms  a  yellowish  fibrous  mass  still  possessing 
|  great  elasticity,  which  dissolves  only  in  concentrated  alkalies.  When 
heated  on  platinum  it  burns  away  without  leaving  any  residue.  It 
differs  from  albumen  in  being  destitute  of  sulphur.  The  composition 
of  a  portion  taken  from  the  ligamentum  nucha?,  as  given  by  W.  Miiller, 
is  C  55-72,  H  7-67,  N  15-71,  O  20-7. 

Chondrin  is  obtained  by  boiling  cartilage  with  water,  and  appears  to  be 
i  a  modification  of  gelatin,  from  which  it  differs  in  being  precipitated  by 
acetic  acid,  diluted  mineral  acids,  and  the  salts  of  alum,  iron,  lead, 

•  silver,  and  copper  ;  whilst  its  solutions  are  only  rendered  slightly  turbid 
by  tannic  acid.  When  boiled  with  sulphuric  acid  it  yields  no  glycin, 
but  only  leucin.  It  is  not  as  yet  accurately  ascertained  whether  gelatin 
and  chondrin  pre-exist  in  the  tissues  from  which  they  are  obtained,  or 
are  produced  in  the  act  of  boiling,  for  on  the  one  hand  they  cannot 
be  obtained  by  maceration  in  cold  water,  whilst  on  the  other  the 
action  of  tannic  acid  on  the  tissues  seems  to  be  of  the  same  nature  as 
on  the  solution  ;  and  when  exerted  upon  the  connective  tissues  of  the 
skin  effects  its  conversion  into  leather. 

Keratin  constitutes  the  basis  of  the  various  horny  tissues,  as  epithe- 
lium, epidermis,  nails,  hoofs,  claws,  horn,  wool,  hair,  and  feathers.  It 

•  is  characterized  by  swelling  and  becoming  soft  in  boiling  water,  though 
it  neither  dissolves  in  this  fluid,  unless  the  temperature  is  much  raised 
by  pressure,  nor  in  ether  or  alcohol.  With  the  exception  of  hair  the 
tissues  in  which  it  is  contained  are  soluble  in  acetic  acid  and  in  alkalies. 
It  is  coloured  yellow  by  nitric  acid,  and  under  the  action  of  sulphuric 
acid  developes  much  leucin  and  tyrosin.  The  horny  tissues  in  their 
early  state  are  all  composed  of  soft  cells,  which  subsequently  become 
modified  in  form,  and  much  firmer  in  consistence.  They  contain 
C  H  N  0  and  S  in  proportions  that,  whilst  closely  similar  to  those  of  the 
albuminous  compounds  from  which  they  are  derived,  have  not  yet  been 
accurately  determined. 

52.  We  now  come  to  the  consideration  of  those  substances  which  are 
usually  considered  to  result  from  the  regressive  metamorphosis  of  albu- 
minous compounds.  From  nearly  every  tissue,  and  from  almost  every 
secretion,  some  peculiar  material  may  be  obtained,  the  formation  of 
which  is  consequent  either  on  the  disintegrating  processes  which  in- 
variably accompany  manifestations  of  functional  activity,  or  on  the 
processes  of  reconstruction  through  which  the  losses  of  the  several 
•organs  are  repaired  ;  and  in  many  instances  compounds  may  be  obtained 
which  represent  successive  steps  or  stages  in  increasing  or  decreasing 
complexity  of  composition.  Some  examples  of  this  will  be  noticed  in 
the  succeeding  sections. 

Leu<  ix,  CI2H13N04,  appears  in  the  form  of  iridescent  scales  which 
are  made  up  of  fine  microscopic  needles.  It  is  destitute  of  taste  and 
smell,  is  soluble  in  27  parts  of  cold  water,  but  is  nearly  insoluble  in 
cold  ether  or  alcohol.  Its  aqueous  solution  is  neutral.  It  unites  both 
with  acids  and  with  bases.  It  is  largely  present  in  the  pancreas  and 
pancreatic  juice,  and  is  also  found  in  the  salivary  glands,  in  the  spleen, 
Kidneys,  and  supra-renal  bodies ;  in  the  thymus,  thyroid  and  lymphatic 
Hands,  in  the  liver,  lungs,  and  brain,  in  pus,  and  occasionally  in  the 
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urine,  especially  in  cases  of  acute  atrophy  of  the  liver.    It  is  regarded 

by  chemists  as  the  amide  of  capronic  acid,  C"Hio(NH2)^2  J.  02. 

Tyrosin,  CuHuN06. — This  substance  forms  delicate  white  silky 
needles,  which  have  no  taste  or  smell,  are  soluble  with  difficulty 
in  cold  water,  and  are  insoluble  in  alcohol  and  ether.  When  boiled 
with  Millon's  reagent,  the  solution  first  assumes  a  beautiful  red  colour, 
and  then  quickly  throws  down  a  dark-brown  red  precipitate.  Tyrosin 
is  said  to  be  found  in  the  spleen  and  pancreas,  and  in  acute  atrophy  of 
the  liver  in  that  gland,  in  the  brain,  and  in  the  urine  ;  but  it  is  probable, 
from  Radziejewsky's  researches,*  that  it  never  occurs  in  any  organ  in  a 
normal  condition,  with  the  single  exception  of  the  contents  of  the  small 
intestines,  where  it  results  from  the  decomposition  of  the  albuminous 
constituents  of  the  pancreatic  juice.  Kiihne  shows  that  special  interest 
attaches  to  it  in  consequence  of  its  relations  to  salicylic  acid,  of  which 
it  may  be  considered  as  the  ethyl-amide.  Like  the  salts  of  sulpho- 
salicylic  acid,  the  tyrosin-sulphates  of  baryta  or  lime  give  a  beautiful 
violet  tint  with  chloride  of  iron. 

Kkeatine,  C  H9Ns04  +  2  Aq. — This  substance  is  a  constant  constituent 
of  muscular  tissue,  both  of  the  striped  and  smooth  variety,  in  the  pro- 
portion of  from  2  to  4 
Fig.  29.  parts  in  1000 ;  and  is 

found   in    the  blood, 
brain,  urine,  and  am- 
niotic fluid.    It  crystal- 
lizes in  oblique  rhombic 
prisms,  which  are  solu- 
ble in  hot  water,  but  are 
deposited  again  on  cool- 
ing.   It  dissolves  with 
difficulty  in  alcohol,  and 
is  insoluble  in  ether.  It 
is  prepared  by  exact  precipitation  of  the  phosphates  in  the  juice  of  meat 
with  acetate  of  lead ;  separation  of  the  lead  by  means  of  sulphuretted 
hydrogen  and  careful  evaporation.  On  boiling  it  with  baryta  water,  it  is 
converted  into  sarkosine — a  substance  closely  related  to  the  glycine  o 
the  bile — and  urea,  which  immediately  splits  up  into  ammonia  and  car- 
bonic acid.    When  heated  with  acids,  or  even  after  long  exposure  to  th 
action  of  hot  Avater,  it  loses  two  atoms  of  water  and  becomes  converte 
into  kreatinine.    Under  other  circumstances,  instead  of  producing  sar 
kosine  and  urea,  it  may  decompose  into  oxalic  acid  and  a  substan 
termed  methyl-uramine,  which  stands  in  close  connexion  with  guanm 
xanthin,  hypoxanthin,  and  uric  acid ;  all  of  which  relations  are  fill 
of  interest,  in  reference  to  the  successive  stages  or  planes  of  disintegra 
tion  suffered  by  the  albuminous  compounds  in  their  passage  through  th 
body,  since  nearly  all  of  them  are  found  in  one  or  other  of  the  sever" 
fluids  or  tissues. 

Kreatinine,  C8H7N8Oa,  is  usually  associated  with  kreatine,  and  con 
sequently  occurs  in  muscular  and  nervous  tissue,  and  in  the  blood  an 

*  Virchow's  "Archiv,"  I860,  May. 
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Fig.  30. 


urine,  but  is  not  found  in  the  glandular  textures.  Nawrocki,*  however, 
believes  his  experiments  prove  satisfactorily  that  kreatinine  is  not 
a  constituent  of  muscle,  and 
that  no  conversion  of  krea- 
tine  into  kreatinine  occurs 
during  exercise.  As  just 
shown,  it  may  be  obtained 
from  the  action  of  acids  on 
kreatine.  It  is  a  powerful 
base,  and  crystallizes  in  ob- 
lique rhombic  prisms,  which 
are  soluble  in  water  and  in 
boiling  alcohol. 

Sarkosike,  C6H7N04.— This 
compound,  though  carefully 
searched  for,  has  not  as  yet 
been  discovered  in  any  of 
the  solids  or  fluids  of  the 
body.  It  can  be  obtained  from  kreatine  by  the  action  of  certain 
agents,  as  hydrate  of  baryta  and  peroxide  of  lead  ;  the  kreatine  taking 
up  two  equivalents  of  water  : 

C8H9N,04  +  H202  -  C6H7N04  +  C2H4N202. 

Sarkoaine. 


Kreatinine. 


Kreatine. 


Urea. 


The  crystals  are  easily  soluble  in  water,  less  so  in  alcohol,  and  are 
insoluble  in  ether.    They  are  volatile,  and  sublime  at  a  moderate 


Fig.  32. 


Sulphate  of  sarkoaine. 

heat  without  decomposition.  It  combines  with  acids  to  form  salts, 
having  also  a  definite  crystalline  form.  It  is  isomeric  with  amide 
of  lactic  acid,  urethane,  and  alanin  (or  amido-propionic  acid).  It 
bears  some  relation  through  alanin  to  lactic  acid.  Kuhne  describes  it 
as  methyl-amido-acetic  acid. 

Umc  Acid,  C10H4N4O6. — When  perfectly  pure,  uric  acid  appears  in 
the  form  of  colourless,  microscopic,  rhombic  crystals,  occasionally  in 
six-sided  plates,  and  sometimes  in  rectangular  four-sided  prisms ;  but 
as  they  are  usually  seen  in  the  urinary  deposit  of  rheumatic  patients, 
the  angles  of  the  rhombic  plates  are  rounded  off  and  stained,  more  or 
less  deeply,  by  the  colouring  matters  of  the  urine.    It  is  nearly  in- 


*  FreRenius,  "  Zeita.  f.  Analyt.  Chemie,"  band  iv.  2. 
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proportion  of  N  to  C  is  as  1 
Hippuric  Acnx  C,„H„NC> 


Fig.  34. 


soluble  in  water,  and  completely  so  in  alcohol  and  ether.  It  is  dissolved 
by  concentrated  sulphuric  acid,  and  can  be  precipitated  unaltered  on  the 

addition  of  water.  On  subjecting  it  to 
a  high  temperature,  it  decomposes,  and 
yields  urea  and  cyanuric  acid;  Avith 
oxidizing  agents,  as  ozone  and  peroxide 
of  lead,  it  gives  allantoin,  urea,  oxalic 
and  carbonic  acids.  When  acted  on  by 
nitric  acid,  and  evaporated  to  dryness, 
the  residue  slightly  moistened  with  am- 
monia, assumes  a  beautiful  purple  tint 
from  the  formation  of  murexide.  Uric 
acid  is  found  in  the  urine,  the  blood, 
the  juice  of  flesh,  and  in  glandular 
structures,  in  all  of  which  it  probably 
exists  in  the  condition  of  urate  of  soda. 
It  proceeds  from  the  decomposition  of 
Urio  acid.  the  albuminous  compounds,  and  con- 

tains 33  per  cent,  of  nitrogen.  The 

is  one  of  the  constituents  of  human  urine, 
though,  like  the  last-named  acid,  it  exists  only  in  small  quantity.    It  is 

always  more  abundant  in  the  urine  of 
the  herbivorous  than  in  that  of  car- 
nivorous animals.  It  may  be  obtained 
from  the  urine  of  the  cow  or  horse  by 
simple  addition  of  hydrochloric  acid, 
when  it  crystallizes  out ;  by  re-solution 
and  filtration  through  animal  charcoal, 
it  appears  in  the  form  of  beautiful  trans- 
parent, colourless,  four-sided  prisms, 
which  belong  to  the  rhombic  system, 
j?-  ;,  ^F^ff^-       They  are  soluble  with  difficulty  in  cold 

W    ^    %J    a  ^£r^S*>  water  and  in  ether,  but  more  easily  in 
f\  hot  water  and  in  alcohol.  When  benzoic 

acid  is  ingested,  it  is  eliminated  from 
Hippuric  acid.  the  body  as  hippuric  acid— a  change  that 

probably  takes  place  at  the  liver,  since 
benzoic  forms  hippuric  acid  by  taking  up  glycine  and  giving  off  ten 
equivalents  of  water,  and  it  is  remarkable  that  all  the  herbivora  secrete 
bile  which  is  rich  in  glycine.  Meissner  and  Shephard*  have  shown 
that  the  hippuric  acid  of  the  herbivora  is  directly  dependent  on 
the  nature  of  the  aliment,  since  on  feeding  them  with  non-albuminous 
compounds — fat,  sugar,  and  starch — they  ceased  to  pass  this  acid  in  the 
urine,  whilst  it  reappeared  when  they  were  fed  on  hay,  straw,  or  clover. 
They  believe  this  to  be  due  to  the  presence  in  the  latter  of  a  body 
belonging  to  the  benzole  atomic  group  (C12H6),  and  by  a  process  of  exclu- 
sion, that  it  was  the  thickened  and  infiltrated  cell  walls  of  the  epidermis 


*  "  Untersuchungen  iiber  d.  Entstehen  der  Hippursaure,  iin  Thier.  Organismus," 
1866. 
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Fig.  35. 


Allautoin. 


Fig.  36. 


cells  which  furnished  the  primary  substance  that  by  conversion  yielded 
the  acid. 

Allantoin,  C8H6N406. — As  its  name  implies,  this  substance  is  found  in 
the  allantoic  fluid  of  the  cow,  but  it  also  appears  in  the  acid  urine  of  foetal 
■  and  sucking  animals — that  is,  during  the 
period  of  life  when  the  herbivora  are 
h  subsisting  on  animal  food.    It  has  also 
•'■been  found  in  human  urine  after  the 
t  free  use  of  tannic  acid.  It  forms  trans- 
parent prismatic  crystals,  soluble  with 
i  difficulty  in  cold,  but  more  easily  in  hot 
water  and  in  boiling  alcohol.    It  is  in- 
soluble in  ether.    It  is  closely  allied  to 
;  uric  acid  and  to  urea,  and  is  consequently 
one  of  the  terminal  products  of  the  dis- 
integration of  albumen.    If  allantoin  be 
boiled  with  potash  it  yields  oxalate  of 
potash.  It  is  not  precipitated  by  corro- 
sive sublimate  nor  by  the  salts  of  lead. 
It  has  been  found  in  the  urine  of  dogs 
suffering  from  diseases  of  the  lungs,  apparently  in  consequence  of  the 
deficient  supply  of  oxygen  impeding  the  formation  of  the  uric  acid 
;  ordinarily  present. 

Cystine,  C6H6N04S2. — A  rare  constituent 
of  the  urine  of  apparently  healthy  persons, 
and  of  renal  and  vesical  calculi.  It  is  nor- 
fi  mally  present  in  the  kidneys  of  oxen.  It  forms 
r  transparent,  colourless,  six-sided  plates  or 
tables,  insoluble  in  water  and  alcohol,  but 
soluble  in  mineral  acids,  in  oxalic  acid,  and  in 
caustic  and  carbonated  alkalies.  It  is,  however, 
precipitated  by  carbonate  of  ammonia  from  its 
acid,  and  by  acetic  acid  from  its  alkaline  solu- 
tions. Like  the  foregoing  substances,  it  is  in  all 
probability  a  transition  stage  of  the  decomposi- 
tion of  albumen  or  other  nearly  allied  sulphur- 
holding  compound.  Its  rarity  shows  that  it  is  the  result  of  a  morbid  process. 

Urea,  C2H4N202,  crystallizes  in  white  silky,  four-sided  prisms,  which 
i  frequently  present  oblique  or  dihedral 
summits.    It  possesses  a  bitter  cooling 
iftaste,  like  saltpetre,  is  deliquescent,  and 
^very  soluble  in  water  and  alcohol,  but 
omewhat  less  so  in  ether.    It  has  no 
ction  on  vegetable  colours.    It  is  de- 
composed at  212°  F.,  giving  off  am- 
monia.   It  is  not  affected  by  >ermanga- 
ate  ^  of  potash  or  ozone,  but  by  nitric 
acid  it  is  decomposed  into  water,  nitrogen, 
nd  carbonic  acid.  Strong  mineral  acids, 
nd  the  hydrates  of  the  alkalies,  as  well 
as  contact  with  albuminous  compounds 


Cystine. 
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undergoing  putrefaction,  effect  its  conversion  into  carbonate  of  ammonia. 
It  unites  with  nitric  and  oxalic  acids  to  form  salts.  It  is  isomeric  with 
cyanate  of  ammonia,  contains  46  per  cent,  of  nitrogen,  and  is  the 
terminal  product  of  the  retrogressive  metamorphosis  of  the  albuminous 
compounds  in  man.    Its  extreme  solubility,  and  the  facility  with  which 

as  a  "crystalloid"  it  permeates 
animal  membranes,  permit  it  to 
be  readily  discharged  by  the 
urine,  of  which  it  constitutes  the 
chief  constituent. 
G-uanin,  C10H6N6Oa. — An  amor- 


Fig.  38. 


Hydroclilorate  of  guanin. 


phous,  yellowish-white  substance, 
nearly  insoluble  in  alcohol,  ether, 
and  water ;  easily  soluble  in  acids 
and  alkalies.  By  oxidation  with 
permanganate  of  potash,  guanin  is 
converted  into  urea,  oxalic  acid, 
and  oxyguanin.  It  constitutes 
the  greater  part  of  the  excrements 


of  spiders,  but  has  also  been  found  in  the  pancreas  and  liver,  and,  as  its 
name  imports,  in  guano.  It  forms  crystalline  combinations  with  various 
acids,  one  of  which  is  represented  in  the  adjoining  woodcut,  and  also 
with  lime  and  soda. 

Hypoxanthin  (Sarkin),  C10H4N4Os,  appears  in  the  form  of  colourless, 
microscopic,  crystalline  granules,  of  no  recognizable  shape,  which  are 


Fig.  39. 


Fig.  40. 


Nitrate  of  hypoxanthin. 


Hydrochlorate  of  hypoxanthin. 


Fig.  41. 


soluble  in  300  parts  of  cold  and  76  of  hot  water,  and  readily  dissolve  if 
acids  and  alkalies.  By  nitric  acid  it  is  converted  into  xanthin.  It  h 
been  found  in  the  blood  and  urine,  especially  of  leuksemic  patients,  in  th 
juice  of  flesh,  in  the  liver,  spleen,  thymus,  thyroid,  kidney,  and  brain 
It  unites  with  acids  to  form  salts,  which,  as  in  th 
accompanying  woodcut,  form  well-defined  crystals. 

Xanthin,  C10H4N4O4.  —  This  substance,  whic 
was  first  found  in  certain  rare  urinary  calculi,  i 
amorphous,  and  presents  both  in  its  chemical  con 
stitution  and  in  the  places  where  it  is  found,  th 
closest  analogy  to  hypoxanthin..  It  is  soluble  i 
1400  parts  of  boiling  and  14,500  parts  of  col 
Hydrochlorate  of  xanthin.  water.  It  is  soluble  in  ammonia,  from  which  sol" 
tion,  by  slow  evaporation,  it  is  again  deposited  in  confused  crystallin 
scales.    It  combines  with  acids,  and  then  presents  characteristic  cr 
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line  forms.  The  very  intimate  connexion  which  exists  between  the 
three  last-mentioned  substances  and  uric  acid,  C10H4N4O6,  is  deserving 
of  especial  attention.  They  all  clearly  constitute  successive  steps  in 
the  downward  or  retrogressive  process  of  metamorphosis  of  the  albu- 
minous compounds. 

Mucin. — A  substance  possessing  in  a  high  degree  the  power  of  absorb- 
ing water,  and  swelling  up  to  a  gelatinous  and  sticky  mass  of  semi-fluid 
consistence.  No  precipitate  or  coagulation  occurs  in  mucin  at  a  boiling 
heat,  nor  is  any  produced  by  acetic  acid,  the  mineral  acids,  or  ferro- 
cyanide  of  potassium.  It  occurs  in  the  body  in  the  mucous  fluids,  and 
:  may  be  obtained  by  boiling  water  from  the  foetal  connective  tissue.  It 
i  is  contained  in  the  fluid  of  Eanula.  It  differs  from  albumen  in  being 
free  from  sulphur,  and  in  containing  a  smaller  amount  of  carbon  and 
nitrogen. 

Pyin  presents  features  closely  analogous  to  those  of  mucin,  except 
that  it  is  precipitated  by  corrosive  sublimate  and  by  neutral  acetate  of 
I  lead.    On  boiling  with  sulphuric  acid,  it  yields  leucin  and  tyrosin. 

Animal  Quinoidine. — From  the  experiments  of  Dr.  Bence  Jones  and 
I  M.  A.  Dupre,*  it  appears  there  exists  in  the  bodies  of  man  and  other 
\  vertebrata  a  substance  which  can  be  extracted  from  any  of  the  tissues 
by  the  same  process  as  quinine,  when  that  alkaloid  has  been  ingested 
and  absorbed.  It  possesses  nearly  the  same  chemical  properties  as 
quinine,  and  its  solutions  give  the  well-known  fluorescence  charac- 
teristic of  quinine 
Cholic  Acid, 

action  of  alkalies.  It  crystallizes  either  in  four-sided  prisms  with  dihedral 
summits,  in  octahedra,  or'  in  tetrahedra,  which  are  easily  soluble  in 
alcohol,  but  not  readily  in  water  or  ether.  On  boiling  with  acids  it 
yields  dyslysin  (C48H3606),  which  is  only  soluble  in  ether.  Cholic  acid 
has  a  pure  bitter  taste,  and  when  treated  with  nitric  acid  it  yields 
acetic,  valerianic,  capronic,  oxalic,  and  cholesterinic  acids. 
Taurine 

in  combination  with  cholic  acid. 

It  has  also  been  occasionally  dis-  Fig.  42. 

covered  in  the  blood  and  urine, 
in  the  tissue  of  the  kidney,  lungs, 
and  of  the  striated  muscles.  It 
forms  large  tasteless  and  colour- 
less four-  or  six-sided  prisms,  with 
four-sided  pyramids  at  their  ex- 
tremities. It  dissolves  in  fifteen 
parts  of  cold  water,  and  the  solu- 
tion is  neutral  to  test-paper. 
Taurine  is  decomposed  when 
subjected  to  a  heat  greater  than 
464°  F. 

Glycine  (Glycocol  or  Gum  Sugar),  C4H6N04,  is  chiefly  found  in 
combination  with  cholic  acid  in  the  bile,  but  it  also  occurs  combined 
with  benzoic  acid,  as  hippuric  acid,  in  the  blood  and  urine.    It  crystal- 


C48H40Ol0,  is  obtained  from  glycocholic  acid  by  the 


C4H7N06S2,  is  found  as  a  constant  constituent  of  the  bile 


Proceedings  of  the  Royal  Society,"  vol.  xV,  No.  83,  p.  73. 
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lizes  in  large  colourless  rhombokedral  crystals,  which  melt  at  354°  P. 
are  easily  soluble  in  water,  but  with  difficulty  in  alcohol.  The  solutions 
are  acid  to  test  paper,  and  sweet  to  the  taste.  It  acts  both  as  a  base  to 
acids,  and  as  an  acid  to  alkalies.  It  originates  as  the  product  of  the 
disintegration  of  gelatin  and  of  albumen,  and  has  been  artificially 
formed. 

Glycocholic  and  Taurocholic  Acids,  C62H43N012  and  C62H46N014S2. — 
When  to  a  solution  of  crystallized  ox-bile  neutral  acetate  of  lead  is  added, 
a  precipitate  of  glycocholic  acid  in  combination  with  the  oxide  of  lead 
falls,  and  when  this  has  been  removed  by  filtration,  the  addition  of  the 
subacetate  of  lead  to  the  mother  liquid  causes  the  precipitation  of  the 
taurocholate  of  the  same  metal.  The  amount  of  glycocholic  acid  con- 
tained in  the  bile  of  man  and  of  the  carnivora  is  small,  but  in  that 
of  the  ox  it  is  abundant.  Both  acids  rotate  the  plane  of  polarized  light 
to  the  right.  Taurocholic  acid  is  easily  soluble  in  water,  and  tastes 
very  bitter.  Glycocholic  acid  dissolves  with  difficulty.  Glycocholate 
of  soda  crystallizes  in  acicular  radiating  needles.  Taurocholate  of 
soda  forms  resinous  drops.  Dr.  Dalton*  observes  that  the  biliary  acid 
or  acids  of  the  human  subject  are  precipitated  by  both  the  acetate  and 
subacetate  of  lead.  Pettenkofer's  test  for  bile  consists  in  the  addition  of 
a  little  cane  sugar,  and  then  of  a  drop  of  sulphuric  acid  to  the  suspected 
liquid,  when,  if  either  of  the  biliary  acids  be  present,  the  fluid 
assumes  a  bright  cherry  colour,  which  gradually  deepens  to  purple. 
Nothing  is  accurately  known  respecting  the  origin  of  the  biliary 
substances  just  noticed;  part  is  probably  preformed  in  the  blood,  and  is 
only  filtered  off  by  the  liver,  but  part  there  can  be  little  doubt  is  formed 
in  the  liver,  and  results  from  the  decomposition  of  albuminous  audi 
oleaginous  compounds. 

53.  The  composition  of  the  Brain  and  of  the  Nervous  Tissue  generally  | 
is  difficult  to  investigate  from  the  facility  with  which  it  undergoes  change,! 
and  the  following  is  only  an  outline  of  the  principal  researches  thatj 
have  been  made  on  this  subject : — 

Myelin.  — The  term  Myelin  was  applied  by  Virchowf  to  the  substance) 
which  constitutes  the  medullary  portion  of  the  nerves,  but  which  hej 
Gobley,  and  others,  also  obtained  from  the  blood  and  bile,  spleen! 
thymus  gland,  the  yolk  of  egg,  the  testes  and  spermatic  fluid  of  the! 
bull,  and  the  ovary  of  the  calf.  It  is  a  viscid  substance,  assuming  a  variety! 
of  forms  that  present  the  most  deceptive  resemblance  to  nerve  fibres.  I« 
is  easily  soluble  in  ether,  chloroform,  turpentine  and  hot  alcohol,  but 
separates  from  the  latter  on  cooling.  In  water  it  swells  up  like  sagol 
It  is  only  slowly  decomposed  by  acids  or  alkalies.  BenekeJ  observin* 
that  myelin  gave  a  red  colour  with  sulphuric  acid  and  sugar  (Petten-il 
kofer's  test)  regarded  it  as  the  glyceride  of  cholic  acid,  and  consideredfj 
the  presence  of  cholesterine  to  be  a  necessary  condition  of  its  production  I 
and  both  he  and  Neubauer§  obtained  forms  similar  to  myelin  from  aji 
emulsion  of  cholesterine  in  soap  and  water,  and  from  a  mixture  oj  1 
oleine,  ammonia,  and  water. 

•  "  Human  Physiology,"  1867,  p.  167.       f  Virchow's  "  Arcbiv,"  Bd.  vi.  p.  562.  , 

£  "Studien  lib.  d.  Vorkom.  v.  Gall,  in  Thier.  u.  Pflanz,"  1862. 
§  Beneke,  in  "Archiv  f.  wissensch.  Heilkunde,"  1865,  p.  375;  and  Neubauer  ill 
Virchow's  "Arcbiv,"  xxxvi.  p.  303. 
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Protagon,  C2S,H240N4PO44. — The  term  Protagon  has  been  applied  by 
MM.  Liebreichand  Bayer*  to  the  substance  which  they  believe  con- 
stitutes a  large  proportion  of  the  brain  substance,  and  from  the  disinte- 
gration of  which  the  compounds  named  Cerebrin,  Cerebrinic  Acid, 
Lecithin,  and  the  various  phosphorus-holding  fats  are  derived.  It  may 
be  obtained  by  treating  the  brain  substance  freed  from  blood  with  suc- 
cessive portions  of  water  and  ether  at  32°  F.,  by  which  most  of  the 

I  salts  and  cholesterine  are  removed.    Warm  alcohol  (of  85  per  cent.) 

•  is  then  added,  and  this  on  cooling  deposits  snow-white  crystalline 
needles  of  Protagon.  These  swell  up  and  become  viscous  in  water,  and 
are  decomposed  at  a  temperature  below  212°  F.    When  boiled  with 

( baryta  water  protagon  yields  glycerine-phosphoric  acid  (C6H9P012)  a 
substance  crystallizing  in  fine  needles  and  neurin  (C10H1SN),  which,  ac- 
cording to  Wurtz,-!*  who  has  made  it  artificially,  is  an  energetic  volatilizable 
base,  identical  with  choline  and  some  other  fat  acids.  Neurin  gives 
the  well-known  myelin  forms  when  a  little  water  or  oleic  acid  has 
been  added  to  it.  According  to  Dr.  H.  Kohler,|  who  has  most  recently 
investigated  this  subject,  if  the  brain  substance  be  acted  on  by  alcohol 
at  a  temperature  of  about  100°  F.,  formic  and  lactic  acids,  and  a  volatile 
fatty  acid  are  obtained,  together  with  inosite,  hypoxanthin,  albumen, 
cholesterine,  and  kreatine.  From  the  residue  treated  with  ether  and 
alcohol  he  obtained  a  neutral  body,  termed  myeloidin,  myeloidinic 
acid  and  cholesterine.  The  first-named  substance  when  combined  with 
lead  had  the  following  composition,  Pb2C80H70NPO20.  The  lead  being 
removed  by  solution  in  alcohol  and  the  passage  of  sulphuretted 
hydrogen,  and  the  fluid  being  evaporated  to  a  syrupy  consistence,  the 
addition  of  a  little  water  caused  the  development  of  an  acid — neurolic  acid 
— which  exhibited  the  most  beautiful  myelin  figures.  The  acid  was  viscid, 

•  even  at  low  temperatures,  of  reddish  colour,  rancid  odour,  soluble  in  alcohol, 
ether,  and  water,  and  precipitated  by  corrosive  sublimate  and  tannin. 

•  Its  formula  was  C1MHMPO.,.    It  contained  no  trace  of  cholesterine. 

___  100       90  oi 

When  Kohler  had  obtained  the  acid  oil  which  gave  the  myelin  forms, 
he  next  examined  the  substance  called  by  various  authors  white  sub- 
stance, cerebrote,  cerebrin,  cerebrinic  acid,  myelokon,  &c,  which 
i  contains  no  nitrogen  or  phosphorus.  He  obtained  it  on  treating  the  sub- 
stance of  the  brain  with  a  salt  of  lead,  and  then  with  alcohol  and  ether, 
in  the  form  of  a  powder  of  soapy  feel,  easily  soluble  in  cold  alcohol, 
[  ether,  and  turpentine,  but  only  at  a  boiling  heat  in  oils,  chloroform, 
glycerin,  and  benzine.  Under  the  microscope  it  appears  in  minute 
mulberry-like  masses,  which,  on  the  addition  of  water,  swell  up,  but  do 
not  assume  the  myelin  forms.  On  further  examination  he  ascertained  this 
to  be  a  mixture  of  the  above-described  nitrogen  and  phosphorus-holding 
substances,  and  a  new  compound,  which  he  was  able  to  isolate,  and  to 
^hich  he  has  applied  the  term  myelo-margarin,  having  the  constitution 
expressed  by  the  formula  C34H36O10,  or  C81H8404  +  04  +  2  HO.  This 
substance  also  gave  the  beautiful  myelin  forms. 

54.  The  non-nitrogenous  organic  compounds  which  enter  into  the 
composition  of  the  body  may  be  divided  into  two  groups,  the  saccha- 

*  Virchow's  "  Archiv,"  Bd.  xxxix.  1807,  p.  183. 
T  "  Comptes  Rendu*,"  'xv.  p.  1015.        |  Virchow's  "  Archiv,"  xli.  1867,  p.  265. 
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nne  and  the  oleaginous.  The  principal  saccharine  substances  are  milk 
and  grape  sugar,  inosite,  glycogen,  and  the  acids  resulting  from  their  j 
fermentation.  The  chief  oleaginous  compounds  are  oleine,  stearine, 
palmitin,  and  cholesterine.  Both  the  oily  and  the  saccharine  groups 
are  of  great  importance  in  the  processes  of  nutrition  and  development, 
and  are  scarcely  ever  absent  either  in  the  food,  the  blood,  or  the 
tissues.  There  can  be  little  question  that  the  saccharine  compoundsl 
contained  in  the  body  are  partly  derived  from  the  farinaceous  andl 
saccharine,  and  partly  from  the  decomposition  of  the  albuminous  com- 1 
pounds,  the  latter  process  occurring  especially  in  the  liver.  That  a  greatl 
part  of  the  saccharine  and  amyloid  compounds  is  derived  directly  from! 
the  food  is  clearly  shown  by  the  following  experiment  of  M.  Bernard.*? 
The  muscular  tissue  of  a  fasting  horse  was  found  on  careful  examina-l 
tion  to  be  perfectly  free  from  amyloid  substances  ;  but  in  the  muscles  on 
the  same  animal,  a  few  hours  after  a  full  meal,  clear  evidence  of  theirA 
presence  was  obtained.  It  seems  to  be  well  established  that  compoundsl 
presenting  a  close  analogy  to  sugar  may  be  obtained  by  the  metamor-i 
phosis  of  oleaginous,  as  well  as  of  albuminous  substances  within  thJ 
body,  of  which  we  have  examples  in  their  continued  formation  in  tha) 
liver,  when  completely  absent  in  the  food,  and  even  during  the  lasfl 
stages  of  inanition,  and  in  their  presence  and  gradual  increase  in  thm 
egg  during  incubation.  The  small  quantity  of  sugar  naturally  present 
in  the  blood  aids  in  retaining  the  carbonate  and  phosphate  of  lime  in 
solution,  and,  according  to  Hoppe,f  assists  that  metamorphosis  by  whiclH 
fat  is  generated  from  the  albuminous  compounds.  Most  of  th|| 
saccharine  compounds  are  soluble  in  water  and  alcohol,  rotate  thIJ 
plane  of  polarized  light  to  the  right,  can  be  obtained  in  crystalsfj 
lose  their  water  of  crystallization  at  a  temperature  of  212°,  at  a  littlB 
higher  temperature  are  converted  into  a  blackish  substance  terme« 
caramel  (C12H909),  and  at  a  red  heat  are  completely  decomposed  intll 
carbonic  oxide,  carbonic  acid,  carburetted  hydrogen,  acetic  acid,  aceton«ij 
and  other  products.  With  oxide  of  lead  and  some  other  bases  they  plal|. 
the  part  of  an  acid ;  on  fermentation,  they  either  yield  alcohol  and  cadp 
bonic  acid,  or  lactic,  butyric,  and  formic  acids. 

Grape  Sugar,  C12H12012  +  2  HO,  crystallizes  in  warty  masses  whicB 
are  found  under  the  microscope  to  consist  of  rhombic  tablets.  It  occudw 
naturally  in  the  alimentary  canal  as  the  product  of  the  conversion  <j 
starch  into  sugar  through  the  action  of  the  salivary,  pancreatic,  and  ir»:  • 
testinal  juices,  and  from  thence  by  absorption  it  gains  entrance  into  tnfc 
chyle  and  blood.    It  exists  in  small  quantities  in  the  egg  of  the  bird,  3 
the  amniotic  and  allantoic  fluids  of  the  herbivora,  and  occasionally  ij 
the  urine  of  man.    It  is  the  chief  or  only  saccharine  constituent  of  til 
urine  in  diabetes,  and  it  may  also  be  made  to  appear  in  the  urine  1| 
injury  of  the  medulla  oblongata. 

Milk  Sugar,  C12rIuOu  +  Aq.,  exists  in  the  proportion  of  from  3  to  5  j  > 
6  per  cent,  in  the  milk  of  various  animals.    It  is  feebly  saccharinel 
the  taste,  and  is  gritty  to  the  teeth.    Like  grape  sugar  it  reduces  tl 
salts  of  copper  in  an  alkaline  solution. 

Glycogen,  C12  H12  012  {Liver  sugar). — This  remarkable  substance  wk 

*  "  Lemons,"  1859,  vol.  ii.  p.  112.  f  "  Arcliiv  f.  Path.  Anat."  x.  p.  140.1 • 
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first  obtained  by  C.  Bernard  by  immersing  the  livers  of  various 
animals,  within  a  few  seconds  of  their  death,  in  hot  water,  to  coagulate 
the  albumen,  then  bruising  the  mass  in  a  mortar  and  filtering  the 
liquid  through  animal  charcoal.  On  the  addition  of  alcohol  or  of 
glacial  acetic  acid,  the  glycogen  is  precipitated  as  a  white  and  taste- 
less amorphous  material  soluble  in  water,  but  incapable  of  effecting 
the  reduction  of  the  salts  of  copper.  Iodine  colours  it  of  a  reddish 
violet  tint,  which  disappears  on  heating  it  to  176°  F.,  but  reappears  on 
cooling. 

All  muscles  yield  sugar,  part  of  which  appears  to  present  identity  of 
composition  with  grape  and  liver  sugar,  whilst  part  possesses  distinctive 
characters,  and  has  received  the  name  of  Inosite.  Thus  Meissner 
satisfied  himself  of  the  presence  of  glycose  in  the  muscles  of  a  cat 
which  had  been  previously  fed  for  eight  days  on  lean  meat,  from  which 
all  sugar  had  been  carefully  removed,  and  it  is  therefore  probable  that 
it  is  formed  in  the  body.  It  is  obtained  in  the  same  manner  as  the 
following  substance,  from  which  it  is  separated  by  its  solubility  in 
alcohol. 

Inosite,  C12H12012  +  4  Aq.,  is  a  kind  of  sugar  which  is  very  constantly 
found  in  muscle.  It  is  obtained  by  precipitation  of  the  juice  of  flesh 
deprived  of  albumen  with  the  neutral  acetate  of  lead,  the  precipitate  is 
treated  with  solution  of  ammonia  suspended  in  water,  and  sulphide  of 
hydrogen  passed  through  the  liquid.  On  evaporation  and  purification 
with  alcohol,  in  which  it  is  very  slightly  soluble,  the  sugar  is  obtained. 
It  crystallizes  in  long  rhombohedra,  which  are  at  first  transparent  but 
subsequently  become  opaque.  It  possesses  a  feebly  saccharine  taste,  and 
has  no  power  of  rotating  the  plane  of  polarized  light,  nor  does  it,  like 
some  other  kinds  of  sugar,  reduce  the.  salts  of  bismuth,  copper,  or  silver 
in  an  alkaline  solution.  A  good  test  for  it,  suggested  by  Scherer,  con- 
sists in  heating  to  dryness  the  supposed  mass  with  a  little  nitric  acid  in 
a  porcelain  dish,  then  moistening  it  with  chloride  of  calcium,  and  again 
evaporating  it,  when  a  rose-red  mass  remains.  It  does  not  undergo 
alcoholic  fermentation,  but  when  in  contact  with  decomposing  albumi- 
nous bodies  it  yields  lactic  acid. 

Lactic  Acid,  C6H605  +  HO,  is  a  compound  of  considerable  chemical 
and  physiological  interest,  for  it  is  related  not  only  to  the  saccharine,  but 
abo  to  the  oleaginous  and  albuminous  groups.  It  may  be  obtained 
from  the  fermentation  of  milk  sugar,  in  the  form  of  a  colourless  syrupy 
fluid,  of  pure  acid  taste,  but  free  from  smell,  which  dissolves  in  all  pro- 
portions in  alcohol,  ether,  and  water.  It  is  not  volatile,  and  can  there- 
fore displace  some  of  the  stronger  mineral  acids,  as  the  hydrochloric, 
at  a  high  temperature ;  when  still  more  strongly  heated  however  it 
yields  lactide,  carbonic  acid,  and  carbonic  oxide  gases.  It  is  connected 
with  the  albuminous  compounds,  of  which  it  may  be  regarded  as  a. 
product  of  the  regressive  metamorphosis,  through  alanin,  which  is  iso- 
meric with  sarcosine,  a  derivative  of  kreatine.  To  the  oleaginous 
compounds  it  is  related  by  the  similarity  of  its  composition  to  propionic 
acid,  which  is  a  product  of  the  oxidation  of  oleic  acid,  and  it  is  thus 
associated  with  formic  and  butyric  acids.  Proceeding  from  one  or  other 
of  these  sources,  it  is  found  widely  distributed  through  the  tissues  of 

e  body,  and  is  of  almost  constant  occurrence  in  the  various  paren- 
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chymatous  juices,  especially  in  that  of  muscle,  the  proportion 
present  being  considerably  increased  after  exercise.  It  appears  to  be 
rapidly  decomposed  in  the  blood  (carbonic  acid  being  left  in  com- 
bination with  the  bases),  .  since  a  few  minutes  after  the  intro- 
duction of  considerable  quantities  of  the  alkaline  lactates  into  the 

stomach  the  urine  is  found  to  be  alkaline  from 
Fm.  43.  the  presence  of  their  carbonates. 

Succinic  Acid,  C9H608.  —  A  very  stable 
organic  acid,  crystallizing  in  rhombic  prisms 
and  rhombohedric  plates  ;  it  is  tasteless,  and 
dissolves  easily  in  water.  It  occurs  in  the 
parenchymatous  juices  of  the  spleen,  thymus, 
and  thyroid  glands  of  the  ox,  in  the  urine 
of  the  herbivora,  in  the  contents  of  cysts  con- 
taining echinococci  in  man,  in  the  fluid  of 
hydrocele,  and  in  considerable  quantity  in  the 
blood  of  the  rabbit,  goat,  ox,  and  horse.  It 
Succinic  Acid.  appears  to  belong  to  a  series  of  acids  ob- 

tained by  the  action  of  powerful  oxidizing 
agents  on  fats,  and  is  one  of  the  terminal  products  of  their  disintegra- 
tion. It  can  be  obtained  from  the  oxidation  of  butyric  acid,  malic  acid, 
and  asparagin,  to  the  use  of  which  last  substance  its  occurrence  in 
the  ui'ine  is  probably  usually  due. 

Oxalic  Acid,  C4H2Og,  is  frequently  found  in  urine  after  the  use  of 
certain  kinds  of  vegetable  food.  In  combination  with  lime,  it  consti- 
tutes a  formidable  variety  of  calculus.  It  is  a  constantly-occurring 
product  of  the  oxidation  of  organic  bodies,  and  stands  in  close  relation 
with  uric  acid. 

55.  Oleaginous  Compounds. — The  animal  fats  are  neutral  fats,  the 
so-called  glycerin-ethers,  in  which  three  atoms  of  the  hydrogen  of  the 
glycerin-alcohol  are  replaced  by  fatty  acids  ;  thus,  human  fat  contains — 
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in  the  proportion  of  about  three-fourths  of  stearine  and  pahnitin  and 
one-fourth  of  oleine.  The  substance  formerly  called  margarine  is  $ 
mixture  of  tripalmitin  and  tristearine.  A  separation  of  these  proximate 
principles  within  the  cells  may  occasionally  be  observed  at  low  tempera- 
tures ;  the  more  solid  fats,  tripalmitin  and  tristearine,  appearing  as  a 
minute  stella,  of  crystalline  form,  surrounded  by  the  still  fluid  trioleins 
All  the  animal  fats  are  soluble  in  hot  alcohol,  in  ether,  fluid  oils,  ben- 
zole, bisulphide  of  carbon,  and  in  chloroform.  They  are  distinguished 
from  one  another  by  the  temperature  at  which  they  respectively  solidify 
and  by  the  salts  that  they  form  with  the  alkalies. 

CiiOLESTERiNE,  CMH14Oa  (or  Mliarij  fat),  is  a  hard,  spermaceti-like  sub- 
stance, which  separates  from  its  solutions  in  nacreous  scales,  that  are 
found  under  the  microscope  to  have  the  form  of  rhombic  tablets  ;  it  19 
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quite  insoluble  in  water,  but  is  soluble  in  ether,  and  also  in  boiling 
alcohol,  from  which,  however,  the  greater  part  separates  on  cooling.  It 
does  not  melt  until  heated  to  298°,  and  it  solidifies  again  and  becomes 
perfectly  crystalline  at  275°.  It  is  not  decomposed  by  concentrated 
alkalies  even  when  the  mixture  is  submitted  to  prolonged  heat.  It  is 
constantly  present  in  the  blood,  in  the  proportion  of  about  two  parts  in 
ten  thousand ;  and  its  quantity  seems  to  be  augmented  in  old  age.  It  is 
found  in  the  lymph,  in  most  glands,  and  is  also  stated  to  be  a  constituent 
jf  the  nervous  tissue,  being  probably  a  product  of  the  disintegration 
of  the  nerve  substance.  It  is  frequently  separated  from  the  blood 
as  a  morbid  product ;  thus  it  is  often  present  in  considerable  quantity 
in  dropsical  fluids,  and  particularly  in  the  contents  of  cysts.  It  is 
occasionally  seen  in  disorganized  eyes,  floating  in  detached  scales  in 
the  fluid  vitreous,  and  is  sometimes  deposited  in  the  solid  form  in  de- 
generated structures,  tubercular  concretions,  &c.  Strong  arguments 
have  been  adduced  by  Dr.  Austin  Flint*  for  regarding  it  as  an  ex- 
srementitious  principle  discharged  by  the  liver,  and  hardly  second 
.11  importance  to  urea.  He  has  found  it  always  more  abundant  in 
;he  blood  returning  from  the  brain  than  elsewhere  ;  also  that  its  quan- 
tity is  exceedingly  small  in  the  venous  blood  of  the  paralysed  side  in 
hemiplegia ;  and  that  in  cases  of  serious  structural  disease  of  the  liver, 
accompanied  by  symptoms  pointing  to  blood-poisoning,  cholesterine 
iccumulates  in  the  blood,  constituting  a  condition  which  he  has  called 
Cholestersemia. 

Stercorine. — This  term  has  been  applied  by  Dr.  Austin  Flint  to  a 
peculiar  substance,  crystallizing  in  needles,  whioh  may  be  extracted 
.rom  normal  fasces  by  the  successive  action  of  ether,  alcohol,  and  a  hot 
solution  of  caustic  potash,  by  which  all  the  saponifiable  fats  are  removed. 
On  largely  diluting  the  mixture  with  water,  filtering,  acting  on  the 
•esidue  with  ether  and  alcohol,  and  evaporating,  pure  stercorine  may  be 
obtained.  It  resembles  cholesterine  in  many  points,  and  is  believed  to 
proceed  from  that  substance.  Its  crystalline  form  is,  however,  different, 
ind  it  fuses  at  a  lower  temperature — 96*8  Fahr.  About  ten  grains  are 
eliminated  per  diem. 


CHAPTER  V. 

OF  FOOD,  AND  THE  DIGESTIVE  PROCESS. 

1.  Of  Food,  its  Nature  and  Destination. 

5G.  From  the  foregoing  observations  regarding  the  composition  of  the 
issues  and  fluids  of  the  body,  it  may  be  concluded  that  the  substances 
vhich  are  required  by  animals  for  the  development  and  maintenance  of 
heir  fabric  are  of  two  kinds,  the  Organic  and  the  Inorganic.  The 
Organic  alone  are  commonly  reckoned  as  aliments ;  but  the  latter  are 
"eally  not  less  requisite  for  the  sustenance  of  the  body,  which  speedily 


*  "Physiology  of  Man,"  vol.  ii.  p.  402. 
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disintegrates  if  the  attempt  be  made  to  support  it  upon  any  Organic 
compounds  in  a  state  of  purity.  In  all  ordinary  articles  of  diet,  however, 
the  Inorganic  matters  are  present  in  the  requisite  proportion ;  and  hence 
it  is  that  the  necessity  which  exists  for  their  employment  has  very 
commonly  escaped  notice. 

57.  The  Organic  compounds  usually  employed  as  food  by  Man  are 
partly  derived  from  the  Animal,  and  partly  from  the  Vegetable  King- 
dom ;  and  they  may  be  conveniently  arranged  under  the  three  heads 
already  mentioned  of  the  Saccharine,  the  Oleaginous,  and  the  Albumi- 
nous— under  which  last  gelatine  is  included.    There  are  many  other 
substances,  however,  which,  though  truly  alimentary  and  consumed  to  a 
considerable  amount,  cannot  be  legitimately  placed  under  either  of  the 
above  heads — such  are,  for  example,  the  vegetable  acids,  and  pectine, 
or  vegetable  jelly.    The  compounds  belonging  to  the  saccharine  group 
consumed  as  food,  though  existing  in  small  proportions  in  the  animal 
tissues,  are  principally  derived  from  the  vegetable  kingdom,  in  which,  as 
shown  in  the  table  on  p.  78,  they  are  frequently  present  to  a  large 
amount.  The  pure  sugars  undergo  little  change  before  absorption,  though 
they  are  sometimes  partially  decomposed  into  lactic  and  butyric  acids. 
It  is  probable  that  cane-sugar  undergoes  conversion  into  grape-sugar 
either  at  the  liver  or  soon  after  it  has  entered  the  blood.    Starch  is  for 
the  most  part  converted  into  dextrine  and  sugar ;  and  by  a  further  pro- 
cess of  oxidation  or  combustion,  these  compounds  generate  carbonic  acid, 
which  is  eliminated  by  the  lungs,  and  thus  become  directly  subservient 
to  the  maintenance  of  the  heat  of  the  body.    That  the  saccharine 
substances  are  per  se  insufficient  for  the  maintenance  of  life  has  been 
shown  by  numerous  experiments  upon  animals,  and  by  the  interesting 
experiments  of  Dr.  Hammond,*  who  on  one  occasion  limited  him- 
self to  a  diet  of  about  1^  lb.  of  gum  per  diem,  and  on  another  to  a 
similar  quantity  of  starch  and  water.    In  both  sets  of  experiments 
hunger,  debility,  and  febrile  excitement  were  soon  experienced,  and  he 
was  finally  compelled  to  discontinue  the  gum  diet  on  the  fourth  day, 
though  he  was  able  to  persevere  in  the  use  of  the  starch  till  the  tenth 
— a  circumstance  which  was  probably  partly  due  to  its  still  retaining  a 
small  proportion  of  gluten,  and  partly  to  its  not  producing  such  serious 
disorder  of  the  stomach  and  bowels  as  the  gum. 

58.  The  Oleaginous  compounds  which  enter  so  largely  into  the  com- 
position of  the  body, — being  not  only  stored  up  in  masses  in  the  adipose 
substance,  but  also  forming  constant  and  important  constituents  of  the 
muscular,  nervous,  and  other  tissues, — are  partly  introduced  into  the 
system  from  without,  and  are  also  partly  the  result  of  the  chemical  meta- 
morphoses effected  within  the  body  upon  the  albuminous  and  saccha- 
rine compounds  :  by  which  means  the  latter  become  subservient  to  the 
nutrition  of  the  several  nitrogenous  as  well  as  non-nitrogenous  tissues. 
Previous  to  absorption  the  oleaginous  substances  undergo  fine  division, 
and,  perhaps,  to  some  extent  saponification  ;  whilst  after  their  entrance 
into  the  circulation  they  are  partly  applied  to  the  purposes  of  nutrition, 
and  partly,  there  is  good  reason  for  believing,  combine  immediately  with 
oxygen,  and  thus  support  the  animal  heat.  Like  the  saccharine,  the 
oleaginous  compounds  when  consumed  alone  are  wholly  incapable  oi 
*  "Experimental  Researches  on  Food,"  Philadelphia,  1857. 
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supporting  life ;  and  the  only  benefit  that  a  starving  animal  obtains 
from  their  consumption  is  the  maintenance  of  its  temperature,  and  a 
consequent  slight  prolongation  of  its  life  ;  death  occurring,  as  has  been 
shown  by  Mr.  Savory,  when  non-nitrogenous  food  is  freely  supplied,* 
not  from  loss  of  temperature,  as  in  inanition,  but  from  loss  of  tissue.  The 
experiments  of  Dr.  Ed.  Smith  on  the  elimination  of  carbonic  acid,  and 
of  MM.  Fick  and  Wislicenus,  and  Dr.  Parkes,  on  the  excretion  of  nitro- 
gen during  rest  and  exercise,  as  well  as  the  more  theoretical  considera- 
tions adduced  by  Professor  Frankland,  alike  tend  to  show  that  during 
the  period  of  active  exertion  the  nitrogen-holding  substance  of  the 
muscles  undergoes  comparatively  trifling  increase  in  the  disintegration 
to  which  it  is  constantly  subject,  whilst  a  marked  increase  occurs  in  the 
oxidation  of  the  hydrocarbonaceous  constituents ;  the  union  of  these 
with  oxygen,  or  their  combustion,  appearing  to  generate  the  force  which 
is  rendered  apparent  in  locomotion  or  manual  labour.  Hence  it  is  found 
that  considerable,  and  with  healthy  muscles  even  prolonged,  exertion 
can  be  made  on  food  containing  little  or  no  nitrogen — as,  for  instance, 
on  biscuits  made  of  starch  and  sugar,  or  starch  and  fat.  General  expe- 
rience, however,  as  well  as  the  experiments  of  Dr.  Hammond  and  Mr. 
Savory — as  we  have  already  seen — and  especially  those  of  Dr.  Parkes, 
which  will  hereafter  be  more  fully  discussed,  show  conclusively  that 
there  is  a  limit  to  the  muscular  force  which  can  be  exerted  under  such 
circumstances ;  and  that  when  food  has  been  administered  which  is  either 
altogether  deficient  in  nitrogen,  or  which  contains  an  insufficient  supply 
of  that  substance,  sooner  or  later  the  power  of  the  muscles  diminishes, 
and  at  length  altogether  fails.  It  may  therefore  be  regarded  as  a  well- 
established  fact  that  when  severe  and  sustained  muscular  exertion  is 
required  to  be  performed,  the  food  must  contain  not  only  a  due  supply 
of  hydrocarbonaceous  and  easily  oxidizable  substance  which  may  deve- 
lope  the  muscular  force,  but  also  a  sufficient  amount  of  nitrogenous  mate- 
rial to  repair  the  waste  of  tissue  which  occurs  in  the  act  of  contraction. 

59.  The  substances  forming  the  Albuminous  group  are  applicable  to 
the  support  of  the  Animal  body,  both  by  affording  the  materials  for  the 
nutrition  and  re-formation  of  its  tissues,  and  also  by  serving  (if  re- 
quired) for  the  maintenance  of  its  heat,  through  the  decomposition  of 
which  they  are  susceptible,  into  hydrocarbonaceous  matters  adapted  for 
combustion  in  the  lungs,  and  highly-azotized  compounds  which  pass-off' 
hy  the  kidneys.  The  proportions  of  carbon,  hydrogen,  oxygen,  and 
nitrogen,  of  which  all  these  substances  are  composed,  appear  to  be 
'  identical ;  and  they  seem  all  capable  of  being  reduced  by  the  digestive 
process  to  a  like  condition.  Hence  it  is  a  matter  of  little  consequence, 
except  as  regards  the  proportion  of  inorganic  matters  with  which  they 
■  may  be  respectively  united,  whether  we  draw  our  histogenetic  materials 
hom  the  flesh  of  animals  (syntonin),  from  the  white  of  egg  (albumen), 
from  the  curd  of  milk  (casein),  from  the  grain  of  wheat  (gluten),  or 
!  irom  the  seed  of  the  pea  (legumin).  Neither  of  these  substances,  how- 
ever, can  long  sustain  life  when  it  is  used  by  itself;  for  it  has  been  ex- 
perimentally ascertained,  that  by  being  made  to  feed  constantly  on  the 
same  substance  (boiled  white-of-egg,  for  instance,  or  meat  deprived  of 

*  "Proceedings  of  Royal  Society,"  May  1,  1862. 
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the  osmazome  that  gives  it  flavour),  an  animal  may  be  effectually 
starved  ;  its  disgust  at  such  food  being  such,  that  even  if  this  be  swal- 
lowed, it  is  not  digested.  Thus  Dr.  Hammond  limited  himself  for  a 
period  of  ten  days  to  a  diet  of  about  1^  lb.  of  albumen  obtained  from 
the  serum  of  bullock's  blood,  and  4  lbs.  of  distilled  water  per  diem. 
Little  inconvenience  was  experienced  until  the  fourth  day,  when  loss  of 
appetite,  headache,  and  debility  were  felt.  The  severity  of  these 
symptoms  rapidly  increased,  and  the  disgust  which  the  monotony  of 
the  diet  occasioned  was  so  great,  that  it  was  with  much  difficulty  that 
the  albumen  could  be  eaten.  On  the  seventh  day,  albumen  appeared 
in  the  urine  ;  and  on  the  ninth,  such  severe  diarrhoea  set  in  that  he  was 
compelled  to  give  up  the  experiment.  There  was  no  failure  in  the 
maintenance  of  the  temperature  of  the  body,  though  its  weight  was 
notably  diminished  at  the  end  of  the  experiment,  and  the  mental  facul- 
ties remained  clear  throughout. — The  organized  fabric  of  Animals  con- 
tains also  a  large  quantity  of  Gelatine.  It  seems  certain  that  this  sub- 
stance may  be  produced  out  of  fibrin  and  albumen ;  since  in  animals 
that  are  supported  on  these,  or  at  least  consume  no  gelatine  with  their 
food,  the  nutrition  of  the  gelatinous  tissues  does  not  seem  to  be  im- 
paired. The  experiments  of  Bischoff  and  Voit,*  when  taken  in  con- 
junction with  the  inquiries  of  the  commissioners  appointed  to  investi- 
gate the  subject  in  Paris  and  Amsterdam, \  appear  to  have  established 
that,  though  gelatine  is  not  destitute  of  nutritive  value,  it  cannot  per- 
manently replace  albumen  as  an  article  of  diet.  For  a  short  period  it 
may  indeed  be  serviceably,  perhaps  even  advantageously  employed; 
and  the  nutritive  value  which  experience  has  long  assigned  to  soups 
and  broth,  whilst  partly  attributable  to  the  albuminous  matters  Avhich 
they  hold  in  solution,  may  also  in  some  measure  be  due  to  the  readiness 
with  which  their  gelatinous  constituents  can  be  absorbed  and  applied  to 
the  purposes  of  nutrition  and  calorification.  The  very  large  quantity 
of  gelatine  which  Bischoff  and  Voit  found  it  necessary  to  make  their 
dog  consume  in  order  to  maintain  its  weight, — a  quantity  of  the  dry 
gelatine,  in  fact,  equal  to  the  weight  of  moist  flesh  on  which  the  animal 
was  ordinarily  fed, — is  worthy  of  particular  notice,  and  furnishes  an 
explanation  of  the  negative  results  which  were  obtained  by  previous! 
inquirers.  That  it  rapidly  undergoes  a  decomposition  analogous  to 
that  of  the  albuminous  compounds,  is  evident  from  the  observations  of 
Frerichs  on  the  result  of  the  ingestion  of  large  quantities  of  pure  | 
gelatine  :  this  being  a  marked  increase  in  the  proportion  of  urea  in  the  | 
urine,  with  an  elevation  of  its  specific  gravity  from  1018  to  1030  or 
even  1034.  It  is  very  interesting  to  remark  (with  Dr.  Prout)  that,  in  the 
only  instance  in  which  Nature  has  provided  a  single  article  of  food  for 
the  support  of  the  animal  body,  she  has  mingled  articles  from  the  first) 
three  of'  the  preceding  groups.  This  is  the  case  in  Milk,  which  con- 
tains a  considerable  quantity  of  an  albuminous  substance,  casein,  which 
forms  its  curd  ;  a  good  deal  of  oily  matter,  the  butter ;  and  no  incon- 
siderable amount  of  sugar,  which  is  dissolved  in  the  whey.    The  pro- 1 

*  "Gesetze  der  Ernalining,"  1860,  p.  215. 
t  See  the  Report  of  the  French  '  Gelatine  Commission,'  in  the  "  Compt.  liend.  j 
Aout,  1841:  and  that  of  the  Amsterdam  Commission  in  "  Het.  Instituut,'' No.  2, 1 
1843,' and  "Gazette  Medicale,"  Mars  16,  1844. 
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wrtions  of  these  vary  in  different  Mammalia,  and  they  depend  in 
>art  upon  the  nature  of  the  food  supplied  to  the  Animal  that 
'ji-ms  the  milk ;  but  the  substances  are  thus  combined  in  every 
nstance. 

60.  Up  to  a  comparatively  recent  period,  attempts  were  made  to  divide 
11  kinds  of  food,  in  accordance  with  their  supposed  application  in  the 
jody,  into  two  great  classes,  called  respectively  the  "  histogenetic"  or 
issue-forming,  and  the  "  respiratory"  or  heat-producing  aliments.  It 
was  imagined  that  a  definite  line  could  be  drawn  between  the  non- 
uiitized,  including  the  oleaginous  and  saccharine  substances,  on  the  one 
band,  and  the  azotized,  embracing  the  albuminous  group  and  gelatine, 
m  the  other ;  the  former  being  subservient  to  the  production  of  heat, 
the  latter  to  the  repair  and  development  of  the  different  tissues.  To  a 
certain  extent  this  division  is  unquestionably  based  on  correct  principles. 
The  presence  of  a  large  proportion  of  Nitrogen  in  all  the  higher  tissues 
of  the  Animal  body  clearly  indicates  that  for  their  due  nutrition  some 
substance  containing  Nitrogen  should  be  consumed  as  food ;  and  the 
justice  of  this  inference  has  been  fully  borne  out  by  experiment.  In 
dais  sense,  then,  the  albuminous  and  gelatinoiis  substances  are  truly 
histogenetic.  On  the  other  hand,  the  large  proportion  of  Carbon  and 
Hydrogen  in  saccharine  and  oleaginous  compounds  naturally  suggests 
that  the  chief  purpose  to  which  they  are  applied  in  the  body  is  the 
maintenance  of  its  temperature  by  their  combination  with  Oxygen. 
But  the  musctdar,  nervous,  and  glandular  tissues  are  not  composed  of 
albuminous  substances  alone ;  they  contain,  as  an  essential  constituent 
of  their  structure,  a  certain  proportion  of  fat,  without  which  their  com- 
position would  be  imperfect,  and  the  performance  of  their  functions  im- 
possible. Such  fat,  then,  must  be  considered  as  "  histogenetic"  and  not 
•  calorifacient"  fat;  though  like  that  which  exists  in  the  free  state 
in  the  blood,  or  is  stored-up  in  the  adipose  tissue,  after  having  fulfilled 
its  functions,  it  may  be  applied  by  its  combustion  to  the  support  of  the 
animal  heat.  In  a  manner  essentially  similar,  the  albuminous  sub- 
dances  ingested,  whilst  partly  becoming  assimilated  and  applied  to  the 
nutrition  of  the  tissues,  are  partly  also  directly  decomposed  in  the 
blood ;  the  products  of  their  disintegration  in  both  instances  combining 
with  oxygen,  and  yielding  a  certain  amount  of  heat :  so  that,  like  the 
oleaginous  and  saccharine  substances,  they  are  applied  to  the  carrying 
out  of  both  provisions,  the  formation  of  tissues  and  the  maintenance  of 
an  elevated  temperature,  though  undoubtedly  in  both  cases  to  a  very 
unequal  degree.  It  is  therefore  impossible  to  measure  the  value  of  any 
particular  kind  of  food  for  either  purpose  by  a  consideration  merely  of 
its  ultimate  or  even  of  its  proximate  constitution ;  since  its  fitness  as  an 
article  of  diet  will  also  depend  upon  the  facility  with  which  it  may  be 
reduced  by  the  digestive  process,  and  afterwards  assimilated.  Thus  an 
aliment  abounding  in  nutritive  matter,  may  be  inferior  to  one  which 
really  contains  a  much  smaller  proportion,  if  only  a  part  in  the  first 
case,  and  the  whole  in  the  second,  be  readily  taken-up  by  the 
system. 

61.  It  is  obvious  that  the  most  economical  diet  will  be  that  in  which 
there  is  the  most  perfect  apportionment  of  the  several  classes  of  consti- 
tuents to  the  wants  of  the  system  ;  and  these  will  vary  with  the  amount 
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of  muscular  exertion  put  forth,  and  with  the  elevation  or  depression  of 
the  external  temperature.  Thus,  for  a  man  of  ordinary  habits,  and 
living  under  a  medium  temperature,  a  diet  composed  of  either  bread  or 
of  animal  flesh  alone  is  far  from  being  the  most  economical.  No  doubt 
there  are  particular  conditions  of  existence,  under  which  life  may  be 
advantageously  supported  upon  animal  food  alone.  Thus  the  Guachos 
of  South  America,  who  pass  the  whole  day  in  the  saddle,  and  lead  a 
life  of  constant  activity  resembling  that  of  a  carnivorous  animal,  scarcely 
ever  taste  anything  but  beef ;  and  of  this  their  consumption  is  by  no 
means  great ;  for  the  temperature  of  the  surrounding  atmosphere  is  so 
high,  that  the  body  has  no  occasion  to  generate  more  heat  than  is  supplied 
by  the  combustion  of  the  hydrocarbonaceous  portion  of  the  albumen  of 
the  food  or  of 1  waste  '  of  the  tissues.  Here,  then,  the  demand  for  histo- 
genetic  material  being  at  its  maximum,  and  that  for  combustive  mate- 
rials at  its  minimum,  the  former  supplies  all  that  is  requisite  for  the 
latter.  Again,  the  Esquimaux  and  other  dwellers  upon  the  Arctic  seas 
find  in  the  bodies  of  the  whales,  seals,  &c,  whereon  they  subsist,  that 
special  supply  of  the  very  best  combustive  material,  which  alone  can 
enable  them  to  maintain  their  existence  in  a  climate  where  the  thermo- 
meter is  for  many  weeks  or  months  in  the  year  at  —40°  or  even  lower, 
and  where  the  amount  of  heat  which  must  be  generated  within  the  body 
is  four  or  five  times  that  for  which  a  diet  of  bread  will  suffice. — On  the 
other  hand,  the  general  experience  of  the  inhabitants  of  warm  climates 
seems  in  favour  of  a  diet  chiefly  or  entirely  vegetable ;  and  its  peculiar 
suitableness  appears  to  consist  in  its  affording  an  adequate  supply  of  the 
plastic  alimentary  substances,  in  combination  with  farinaceous  matters 
that  give  the  requisite  bulk  to  the  food,  without  affording  more  combus- 
tive  material  than  the  system  requires, — the  quantity  of  starch  which 
undergoes  conversion,  and  which  is  introduced  as  sugar  into  the  circu- 
lation, being  apparently  governed  rather  by  the  demands  of  the  respira- 
tory process  than  by  the  amount  ingested ;  and  the  remainder  being 
voided  again  unchanged. 

62.  In  a  well-arranged  system  of  diet,  the  proportion  that  the  non-i 
azotized  substances  ought  to  bear  to  the  azotized  should  be  determined 
by  the  proportion  of  Carbon  and  Nitrogen  which  are  eliminated  in  the 
excreta  of  a  healthy  man  in  a  given  period.  Now  we  know  from  various  I 
experiments  that  with  active  exertion  about  300  grains  of  Nitrogen  andl 
4600  grains  of  Carbon  are  daily  discharged  by  the  several  channels  off 
the  lungs,  skin,  kidneys,  and  bowels ;  the  proportion  of  the  Nitrogen  tol 
the  Carbon  eliminated  being,  therefore,  nearly  as  1  :  15.  Now,  if  wej 
compare  the  composition  of  bread  and  of  meat,  we  shall  see  what  is  theirl 
relative  value  as  aliments,  by  the  proportion  which  the  C  holds  to  the! 
N.  According  to  Payen,*  1000  grains  of  Bread  contain,  in  round! 
numbers,  300  of  Carbon  and  10  of  Nitrogen;  hence,  to  obtain  the  3001 
grains  of  Nitrogen  required  by  the  system,  30,000  grains  (or  more  thani 
4  lbs.)  of  Bread  must  be  consumed;  but  the  4600  grains  of  Carbon  re-J 
quired  are  contained  in  15,000  grains  of  Bread;  so  that  to  obtain  thej 
requisite  supply  of  Nitrogen  a  quantity  of  Bread  must  be  consumed  con-J 
taming  exactly  double  the  quantity  of  Carbon  required.    Hence  it  \m 

*  "  Dcs  Substances  Alimentaires,"  Paris,  1854. 
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idvantageous  to  add  to  a  Bread  diet  a  small  quantity  of  Cheese  or  other 
highly  nitrogenous  food.  Again,  in  the  case  of  Meat,  1000  grains  con- 
rain  100  of  Carbon  and  30  of  Nitrogen ;  therefore  to  obtain  the  4600 
rrains  of  Carbon,  no  less  than  6|  lbs.  must  be  consumed,  whilst  the  re- 
quisite 300  grains  of  Nitrogen  are  contained  in  1^  lb.  of  Meat;  conse- 
mently  three  or  four  times  more  meat  must  be  consumed  to  supply  the 
Carbon  than  is  necessary  to  furnish  the  Nitrogen.  Here  then  we  see 
.again  the  economy  of  the  mixed  diet  which  is  so  generally  employed  by 
Man,  whether  in  a  barbarous  or  highly-civilized  state ;  and  the  follow- 
ng  table  will  show  how  an  admixture  of  bread  and  meat  would 
-equire  a  much  less  consumption  of  both,  than  if  either  were  taken 
separately : — 

Grains  of  Carbon.      Grains  of  Nitrogen. 

15,440  grains  of  Bread  contain     ...       ...     4,630    154 

4,630     „        Meat  contain    463    154 

5,093  308 

Thus  about  2  lbs.  of  bread  and  f  lb.  of  meat  are  amply  sufficient  to  com- 
pensate the  daily  losses  of  the  system  of  a  healthy  man.*  Hence  we  see 
he  immense  advantage  as  to  economy  of  food  which  a  fixed  agricultural 
population  possesses  over  those  wandering  tribes  of  hunters  which  still 
people  a  large  part  both  of  the  Old  and  New  Continents.  The  mixed 
liet,  to  which  the  inclination  of  Man  in  temperate  climates  seems  usually 
o  lead  him  (when  circumstances  allow  that  inclination  to  develope  itself 

I  Veely),  appears,  moreover,  to  be  fully  conformable  to  the  construction  of 
lis  dental  and  digestive  apparatus,  as  well  as  to  his  instinctive  propensi- 
ies.  And  whilst  on  the  one  hand  it  may  be  freely  conceded  to  the  advo- 

.  :ates  of  '  Vegetarianism,'  that  a  well-selected  vegetable  diet  is  capable  of 
'roducing  (in  the  greater  number  of  individuals)  the  highest  physical 
levelopment  of  which  they  are  capable,  it  may  on  the  other  hand  be 

uffirmed  with  equal  certainty,  that  the  substitution  of  a  moderate  pro- 
portion of  animal  flesh  is  in  no  way  injurious,  whilst,  so  far  as  our  evi- 
lence  at  present  extends,  this  seems  rather  to  favour  the  highest  mental 
ievelopment.  If,  indeed,  we  take  a  comprehensive  survey  of  the  condi- 
■ions  of  the  various  races  of  Man  at  present  inhabiting  the  earth,  we 
:annot  help  being  struck  with  his  adaptiveness  to  a  great  variety  of 
:ircumstances,  as  regards  climate,  mode  of  life,  diet,  &c.  And  we  can 
icarcely  avoid  the  conclusion,  that  the  Creator,  by  conferring  upon  him 
iuch  an  adaptiveness,  intended  to  qualify  him  for  subsisting  on  those 
irticles  of  diet,  whether  animal  or  vegetable,  which  are  most  readily 
ittainable  in  different  parts  of  the  globe ;  and  thus  to  remove  the  obstacle 
vhich  a  necessary  restriction  to  any  one  kind  of  food  would  have  other- 
rise  opposed  to  his  universal  diffusion.  The  fohWing  tablef  will  give 
he  relative  proportions  of  the  chief  Nitrogenous  and  non-Nitrogenous 
:onstituents,  as  well  as  of  Salts  and  Water  contained  in  the  more  common 
cinds  of  food : — 


*  See  Beclard,  "Traite  Elementaire  de  Physiologic,"  p.  570  et  seq.,  1862. 
t  Taken  from  Badge's  "  Physiology,"  where  it  is  quoted  from  Moleschott's  "Re- 
earcheson  Food." 
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tin. 

pounds. 

brane. 

Beef    .   .  . 

22 

175 

775 

8 

Veal    .    .  . 

32 

162 

797 

7-2 

Pork  .    .  . 

24 

168 

783 

Fowl  .    .  . 

30 

165 

773 

Pigeon    .  . 

45 

170 

760 

Milk   .    .  . 

40 

40 

40 

874 

6 

Yolk  of  egg . 

157-6 

304-7 

515 

13.30 

Albumen  .  . 

120 

27 

850 

7 

Wheat. 

156 

18 

27 

577 

66 

149-5 

23 

Bye.    .   .  . 

107 

19 

26-6 

580 

102 

140-5 

22 

Barley.    .  . 

112 

24 

41 

575 

86-5 

168 

27 

Oats  . 

127 

48-5 

62 

535 

81-6 

94-6 

28-7 

Rice    .    .  . 

64 

7 

10 

811 

9 

1514 

3-5 

Maize  .    .  . 

109 

76-7 

51-4 

589 

34-8 

140 

19 

Peas,  unripe. 
»    ripe  • 

239 

18-9 

18 

552-6 

23-6 

225 

19-9 

33 

555 

19-8 

Beans  .   .  . 

236 

26 

29 

515-8 

29-6 

Lentils 

252 

560 

1 1  ^ 

110 

Chestnuts  . 

32 

68 

480-6 

16-6 

Potatoes,  white 

25 

180 

749-5 

9 

„  blue 

24 

132 

689-4 

10-4 

Turnips   .  . 

15 

4 

30 

100 

850 

17-5 

The  average  constitution  of  entire  carcasses  of  butcher's  meat,  as  given 
by  Messrs.  Lawes  and  Gilbert,  differs  from  the  above,  the  fat  being  in- 
cluded : — 


Animals  as  fattened  for  the 
butcher. 

Water. 

Dry  nitrogenous 
substance. 

Fat. 

Mineral  matter. 

Calf  

625 

165 

166 

45 

Bullock  

500 

160 

300 

50 

Lamb  

505 

110 

350 

35 

Sheep   

440 

125 

400 

35 

Pig  

385 

100 

500 

15 

According  to  Dr.  Lankester,*  21  oz.  of  wheat  are  required  to  make  1  lb.| 
of  flour;  and  in  the  1  lb.  of  flour  there  are  contained — of  water  2  \  oz.,| 
gluten  2  oz.,  albumen  \  oz.,  starch  9^  oz.,  sugar  1  oz.,  gum  \  oz.,  fati 
i  oz.,  fibre  \  oz.,  ashes  \  oz.      The  carbon  contained  in  1  lb.  of  flour 
amounts  to  7  oz. 

63.  When  the  results  of  Experience,  then,  are  combined  with  the. 
teachings  of  Science,  they  seem  to  justify  the  following  conclusions. 

I.  That  a  due  adjustment  of  the  Albuminous,  Oleaginous,  and  Saccha- 
rine constituents  of  the  food,  to  the  varying  conditions  under  which  Man 
exists,  is  of  the  first  importance ;  whilst  the  question  of  the  derivation 
of  the  first  two  of  these  constituents  from  the  Animal  or  from  the  Vege- 


*  "  Guide  to  the  Food  Collection  in  the  South  Kensington  Museum,''  p.  39. 
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;able  kingdom,  is  one  of  secondary  character;  each  being  capable  of 
/ielding  them  in  adequate  amount,  and  the  only  condition  requisite 
>eing,  that  the  articles  of  food  shall  be  so  selected  as  to  supply  the  need- 
ul  quantity.    At  the  same  time  it  will  obviously  be  requisite  that 
lifferences  should  be  made  in  the  diet,  in  accordance  with  climatic  and 
neasonal  variations.     For  when  the  external  temperature  is  low,  an 
lunple  supply  of  oleaginous  matter  is  indicated,  and  may  be  advanta- 
geously taken  in  the  form  of  butter,  cocoa,  fat  meat,  or  maize-bread. 
On  the  other  hand,  during  the  heat  of  summer,  the  more  nearly  the  diet 
s  assimilated  to  that  of  the  natives  of  tropical  climates,  in  the  substitution 
)f  fruits  and  farinacea  for  oleaginous  articles,  the  less  will  be  the  liability 
o  disordered  health  in  the  autumn.* 

ii.  Experience  teaches,  however,  that  it  is  not  a  matter  of  entire  indif- 
ference, whether  the  Albuminous  constituent  be  drawn  from  the  Animal 
>r  from  the  Vegetable  kingdom ;  for  the  use  of  a  highly-animalized  diet 
as  a  tendency  to  raise,  and  that  of  a  vegetable  diet  to  lower,  the  propor- 
on  of  red  corpuscles  in  the  Blood ;  whilst,  by  a  due  adjustment  of  the 
iroportion  of  the  two  classes  of  components,  the  evil  effects  of  the  ex- 
lusive  use  of  either  may  be  prevented. 

in.  So,  again,  Experience  teaches  what  could  scarcely  have  been  anti- 
ipated  theoretically : — namely,  that,  notwithstanding  the  power  which 
he  living  body  possesses,  of  converting  saccharine  compounds  into  olea- 
ginous, the  ingestion  of  a  certain  amount  of  Oleaginous  matter  as  such 
3  necessary,. or  at  least  is  favourable,  to  the  maintenance  of  health.  We 
ee  this  provided  in  large  quantity,  in  the  first  aliment  prepared  by 
ature  for  the  offspring  of  the  Mammalia ;  in  the  yolk  of  the  egg  of  all 
Oviparous  animals ;  whilst,  as  the  laborious  investigations  of  Messrs. 
jawes  &  Gilbertf  have  shown,  the  amount  of  fat  contained  in  ordinary 
mtcher's  meat  of  good  quality,  to  which  such  a  high  per-centage  of  ni- 
rogen  is  usually  attributed,  is  exceedingly  great,  varying  from  one-third 

0  one-half  of  its  weight.  In  the  ordinary  diet  of  every  nation  on  the 
dobe, — whether  this  be  animal,  vegetable,  or  mixed, — we  find  one  or 
lore  articles  of  an  oleaginous  nature ;  and  there  is  a  natural  craving  for 

ch  substances  when  they  are  completely  withheld,  which  indicates  that 
hey  serve  some  important  purpose  in  the  economy.    Although  this 
raving  is  so  far  affected  by  climate,  that  it  leads  to  the  largest  con- 
iumption  of  oily  matter  where  the  extreme  of  cold  has  to  be  endured,  it 
xists  with  no  less  intensity  even  in  tropical  regions;  and  we  find  the 
findoo  adding  his  modicum  of  'ghee'  (or  rancid  butter)  to  the  rice 

*  There  can  be  no  doubt  that  a  large  proportion  of  the  diseases  of  the  digestive  ap- 
!  mratus,  which  are  bo  fatal  among  European  residents  in  India  and  other  tropical 
limates,  result  from  the  habitual  ingestion  of  a  much  larger  quantity  of  food,  and  this 
specially  of  a  rich  and  stimulating  character,  than  the  system  requires.    The  loss  of 
ppetite  consequent  upon  the  diminution  of  the  demand  for  combustive  material,  is  set 
|  lown  to  the  deleterious  influence  of  the  climate  ;  and  an  attempt  is  made  to  neutralize 

1  his  by  artificial  provocatives. — So,  it  seems  probable  that  many  of  the  '  bilious  attacks,' 
vhich,  in  this  country,  are  so  frequent  in  early  autumn,  and  which  are  commonly  set 
town  to  the  account  of  fruit  (although  the  subjects  of  them  have  often  abstained  entirely 
rom  that  article),  are  really  the  result  of  the  presence  of  an  excess  of  hydrocarbona- 
cous  matter  in  the  system,  consequent  upon  over-feeding  during  the  summer,  and  must 
>e  looked-upon  as  the  natural  means  by  which  it  is  got  rid  of. 

t  "  Phil.  Trans."  1859,  Pt,  ii.  p.  495. 
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which  constitutes  his  staple  article  of  diet,  with  the  same  relish  that  the  i 
Esquimaux  feels  for  his  massive  lumps  of  blubber. — It  does  not  seem 
difficult  to  understand  the  rationale  of  this  fact.  For  whilst  the  Adipose  |i 
and  Nervous  tissues  are  the  only  portions  of  the  Animal  fabric  into  which 
fatty  matter  enters  in  any  considerable  proportion,  yet  its  presence  has  an  [ 
important  influence  on  the  assimilation  of  albuminous  matters,  and  seems  ji 
essential  to  every  act  of  tissue  formation.    There  is  strong  and  increas-  ' 
ing  reason  to  believe,  that  a  deficiency  of  oleaginous  matter,  in  a  state  fit 
for  appropriation  by  the  nutritive  processes,  is  a  fertile  source  of  diseased  jl 
action,  especially  of  that  of  a  tuberculous  character ;  and  that  the  habi-  i 
tual  use  of  it  in  a  larger  proportion  would  operate  favourably  in  the  pre- 
vention  of  such  maladies,  as  the  employment  of  cod-liver-oil  unques-j 
tionably  does  in  their  cure.    A  most  remarkable  example  of  this  isfi 
presented  by  the  population  of  Iceland;  which,  notwithstanding  theh 
concurrence  of  every  one  of  the  circumstances  usually  considered  B 
favourable  to  the  scrofulous  diathesis,  enjoys  a  most  remarkable  immu-| 
nity  from  it, — without  any  other  assignable  cause  than  the  peculiarly 
oleaginous  character  of  the  diet  usually  employed. 

IV.  Another  of  the  results  of  Experience,  of  which  Science  has  not  yet  JI 
given  a  definite  rationale,  is  the  necessity  of  employing  fresh  vegetables  as| 
an  article  of  Diet ;  the  almost  invariable  consequence  of  the  entire  omis-  ji 
sion  of  them,  being  the  development  of  that  peculiar  constitutional  dis-  ! 
order  which  is  known  as  Scurvy.*  That  the  deficiency  of  something  which 
fresh  vegetables  can  alone  supply,  is  the  essential  cause  of  this  disease! 
(its  operation  being  promoted,  however,  by  other  conditions,  such  asj 
absolute  deficiency  of  food,  confinement,  bad  ventilation,  depression  off 
spirits,  &c),  may  now  be  regarded  as  a  well-established  fact;  and  it  ist 
one  which  ought  to  have  an  important  influence  on  our  dietetic  arrange- f 
ments.  For  if  the  total  withdrawal  of  these  articles  be  productive  of  suchji 
a  fearful  depravation  of  the  blood  as  perverts  every  function  to  which  I 
the  blood  is  subservient,  a  diminution  of  them  below  the  standard  requi-l 
site  for  the  maintenance  of  health  must  necessarily  involve  a  depravationi 
similar  in  kind  though  less  aggravated  in  degree ;  and  this,  if  slight,  mayji 
be  expected  to  manifest  itself,  not  so  much  in  the  production  of  idiopathic} 
disorders,  as  in  favouring  any  peculiar  tendency  to  disease  which  may 
exist  in  the  system,  and  in  preventing  or  retarding  recovery .f  Theem-j 
ployment  of  fresh  fruits  and  of  green  vegetables  seems  especially  indicated, , 
where  a  general  chronic  disorder  of  nutrition  indicates  a  perverted  con-> 
dition  of  the  circulating  material ;  and  especially  where  there  is  a| 
disposition  to  chronic  inflammation,  induration,  and  ulceration,  in  dif-; 
ferent  parts  of  the  body. 

v.  Finally,  then,  a  well-arranged  dietetic  scheme  ought  to  consist  on 
such  a  combination  of  the  Albuminous,  Oleaginous,  and  Farinaceous  con-* 
stituents,  as  is  most  appropriate  to  the  requirements  of  the  system ; — aj 

*  For  a  full  inquiry  into  this  subject,  see  the  "  Brit,  and  For.  Med.-Chir.  Kev.,'1 

vol.  ii.  p.  439.  •  t  .1 

+  This  '  scorbutic  tendency'  was  fully  recognized  by  the  past  generation  of  Physij 
cians  who  practised  in  those  good  old  times  when  potatoes  were  a  luxury  and  green! 
vegetables  in  the  winter  almost  unknown,  when  the  middle  classes  fed  upon  salted! 
meat  during  a  great  part  of  the  year,  and  when  sagacious  old  women  prescribed! 
nettle-tea  and  scurvy-grass,  with  a  course  of  lenitive  1  spring-physic,'  for  the  '  cleansing- 
of  the  blood.' 
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larger  measure  of  the  albuminous  and  farinaceous  or  oily  being  supplied, 
when  an  unusual  amount  of  nervo-muscular  exertion  is  put-forth, 
smd  this  supply  being  in  the  latter  ease  most  advantageously  derived 
from  animal  flesh ;  —  a  larger  measure  of  the  oleaginous  being  re- 
quired for  the  sustentation  of  the  heat  in  a  frigid  atmosphere,  and 
this  being  supplied  equally  well  by  the  Vegetable  kingdom  as  by 
:he  Animal ; — and  a  larger  proportion  of  the  farinaceous,  as  a  sub- 
stitute for  the  oleaginous,  being  most  favourable  to  health  under  a 
ligh  atmospheric  temperature.    An  habitual  excess  in  the  use  of  either 
if  these  constituents,  above  what  the  demands  of  the  system  require, 
ends  towards  the  production  of  a  particular  '  diathesis'  or  constitutional 
tate,  which  may  manifest  itself  in  a  great  variety  of  modes.    Thus,  an 
ixcess  of  the  albuminous  components,  such  as  is  only  likely  to  occur 
,vhen  too  large  a  proportion  of  animal  food  is  employed,  undoubtedly 
avours  the  arthritic  diathesis,  which  seems  to  consist  in  the  presence  of 
mperfectly-assimilated  histogenetic  substances  and  wrongly-metamor- 
ihosecl  products  of  disintegration,  that  are  not  duly  eliminated  through 
he  kidneys  ;  and  this  diathesis  not  only  displays  itself  in  gout  and  gravel, 
nit  modifies  the  course  of  other  diseases.    So,  again,  an  excess  of  the 
'leaginous  constituents  of  the  food  tends  to  the  production  of  the  bilious 
dathesis,  in  which,  through  the  insufficient  elimination  of  hydrocarbona- 
eous  matters,  the  blood  becomes  charged  with  the  elements  of  bile.  The 
xcess  of  farinaceous  matters,  moreover,  especially  when  combined  with  a 
leficiency  of  the  albuminous  (as  it  too  frequently  is  among  those  who  are 
['bliged  by  necessity  to  live  chiefly  upon  a  '  poor'  vegetable  diet),  tends 
I  o  the  production  of  the  rheumatic  diathesis ;  which  seems  to  consist,  like 
*  he  arthritic,  in  the  mal-assimilation  and  wrong  metamorphosis  of  the 
r  omponents  of  the  tissues,  but  to  be  especially  favoured  by  the  presence 
ither  of  lactic  acid,  or  of  some  other  product  of  the  metamorphosis  of 
he  saccharine  compounds.    And,  as  already  pointed  out,  the  deficiency 
f  oleaginous  matters  seems  to  tend  to  the  development  of  the  scrofulous 
I  iathesis ;  and  that  of  fruits  and  fresh  vegetables  to  the  production  of  the 
1  "orbutic* 

*  It  is  worthy  of  remark  that  in  the  times  when  even  the  wealthy  lived  during  four  or 
I  ve  months  of  the  year  almost  exclusively  upon  meat,  bread,  and  flour-puddings,  and 
I  'hen,  therefore,  the  diet  was  far  too  highly-azotized,  as  well  as  deficient  in  fresh  vege- 
I  ibles,  Arthritic,  Calculous,  and  Scorbutic  disorders  were  much  more  common  than  at 
I  resent.  The  introduction  and  universal  employment  of  the  potato  has  unquestionably 
.1  one  much  to  correct  these  two  tendencies ;  on  the  one  hand,  by  diluting  the  azotized 
l  instituente  of  the  food,  so  that,  with  the  same  bulk,  a  much  smaller  proportion  of  these 
I  •  now  introduced ;  and  on  the  other,  by  supplying;  to  the  blood  some  element  which  is 
isential  to  the  maintenance  of  its  healthy  condition.   But  with  the  diminution  of  the 
I  rthntic  diathesis,  which  the  experience  of  our  older  practitioners,  and  the  medical 
I  "tj^gs  of  the  last  century,  indicate  as  having  taken  place  during  that  period,  there 
I  is  been  an  increase  in  the  Rheumatic ; — a  change  which  seems  to  have  a  close  relation 
I  >  this  alteration  in  diet.    And  it  seems  not  improbable,  too,  that  this  alteration  has 
I  W  ?      to  5*°  w^  ^at  diminished  power  of  sustaining  active  depletory  treatment, 
I  rich,  according  to  the  observations  of  practitioners  of  long  experience,  characterizes 
[  ie  lV'^ent  generation  as  compared  with  the  preceding.  But  whilst  there  is  a  diminished 
J  ipabihty  of  bearing  large  blood-lettings,  violent  purgation,  &c,  there  is  at  the  same 
I  me  W 'i!  T  increasecl  tendency  to  a  favourable  termination  in  many  of  those  diseases 
I  r  which  they  were  formerly  accounted  necessary,  as  should  remove  all  regret  at  this 
I  mnge  of  constitution.— On  the  question  of  '  Vegetarianism,'  the  Author  may  refer  to 
|  Y^j'08  on  that  subject  in  the  "  Brit,  and  For.  Med.-Chir.  Rev.,"  vol.  vi.  pp  76 
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64.  The  absolute  quantity  of  Food  required  for  the  maintenance  of  the 
Human  body  in  health,  varies  so  much  with  the  age,  sex,  constitution, 
and  habits  of  the  individual,  and  with  the  circumstances  in  which  he  may 
be  placed,  that  it  would  be  absurd  to  attempt  to  fix  any  standard  which 
should  apply  to  every  particular  case.  The  appetite  is  the  only  sure 
guide  for  the  supply  of  the  wants  of  each ;  but  its  indications  must  not 
be  misinterpreted.  To  eat  when  we  are  hungry,  is  an  evidently  natural 
disposition ;  but  to  eat  as  long  as  we  are  hungry,  may  not  always  be 
prudent.  Since  the  feeling  of  hunger  does  not  depend  so  much  upon  the 
state  of  fulness  or  emptiness  of  the  stomach,  as  upon  the  condition  of  the 
general  system,  it  appears  evident  that  the  ingestion  of  food  cannot  at 
once  produce  the  effect  of  dissipating  it,  though  it  will  do  so  after  a  short 
time ;  so  that,  if  we  eat  with  undue  rapidity,  we  may  continue  swallowing 
food  long  after  we  have  taken  as  much  as  will  really  be  required  for  the 
wants  of  the  system ;  and  every  superfluous  particle  is  not  merely  useless, 
but  injurious.  Hence,  besides  its  other  important  ends,  the  process  of 
thorough  mastication  is  important,  as  prolonging  the  meal,  and  thus 
giving  time  to  the  system  to  be  made  acquainted  (as  it  were)  that  the 
supply  of  its  wants  is  in  progress ;  so  that  its  demands  may  be  abated  in 
due  time  to  prevent  the  ingestion  of  more  than  is  required.  It  is  very 
justly  remarked  by  Dr.  Beaumont,  that  the  cessation  of  this  demand, 
rather  than  the  positive  sense  of  satiety,  is  the  proper  guide.  "  There 
appears  to  be  a  sense  of  perfect  intelligence  conveyed  to  the  encephalic 
centre,  which,  in  health,  invariably  dictates  what  quantity  of  aliment 
(responding  to  the  sense  of  hunger  and  its  due  satisfaction)  is  naturally 
required  for  the  purposes  of  life ;  and  which,  if  noticed  and  properly 
attended  to,  would  prove  the  most  salutary  monitor  of  health,  and  effectual 
preventive  of  disease.  It  is  not  the  sense  of  satiety,  for  this  is  beyond 
the  point  of  healthful  indulgence,  and  is  Nature's  earliest  indication  of  an 
abuse  and  overburden  of  her  powers  to  replenish  the  system.  It  occurs 
immediately  previous  to  this  ;  and  may  be  known  by  the  pleasurable  sen- 
sations of  perfect  satisfaction,  ease,  and  quiescence  of  body  and  mind.  It 
is  when  the  stomach  says,  enough  ;  and  it  is  distinguished  from  satiety  by 
the  difference  of  sensations, — the  latter  saying  too  much."  Every  medical 
man  is  well  aware  how  generally  this  rule  is  transgressed  ;  some  persons  j 
making  a  regular  practice  of  eating  to  repletion ;  and  others  paying  far 
too  little  attention  to  the  preliminary  operations,  and  thus  ingesting  more 
than  is  good  for  them,  even  though  they  may  actually  leave-off  with  an 
appetite. 

65.  Although  no  universal  law  can  be  laid  down  for  individuals,  it  is 
a  matter  of  much  practical  importance  to  be  able  to  form  a  correct! 
average  estimate.  But  even  this  is  given  somewhat  differently  by  different  I 
observers.    Dr.  Dalton,  for  instance,*  states  that  the  entire  quantity  of I 
food  required  every  24  hours  by  a  man  in  full  health  and  taking  free 
exercise  is,  of  meat  16  oz.  av.,  bread  19  oz.,  fat  3^  oz.,  and  of  water 
52  fl.  oz.,  that  is,  about  2^  lbs.  of  solid  food,  and  rather  more  than  3  pints 
of  fluid.    Vierordtf  considers  the  adult  to  be  well  nourished  if,  wi& 
moderate  exercise,  he  receives  daily  about  4  oz.  of  dry  albumen,  3  oz.  of 
fat,  ll£  oz.  of  some  starchy  substance,  and  about  1  oz.  of  salt,  which  gives 

•    *  "  Physiology,"  1861,  p.  97.  t  "  Grundriss  d.  Phys."  1860,  p.  192. 
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1  a  proportion  of  one  part  of  nitrogenous  to  three  and  a  half  parts  of  non- 
I  nitrogenous  food.  If  to  this  about  6  pints  of  water,  and  the  oxygen  taken 
lupin  the  act  of  respiration,  which  he  estimates  at  1^  lb.,  be  added,  we 
1  shall  obtain  a  total  of  about  l-20th  of  the  Aveight  of  the  body  consumed 
kin  24  hours.  It  is  from  the  experience  afforded  by  the  usual  consumption 
iof  food  by  large  bodies  of  men  that  our  best  data  are  obtained  ;  and  these 
Idata  are  sufficient  to  enable  us  to  predict  with  tolerable  accuracy  what. 
[I  will  be  required  by  similar  aggregations,  though  they  can  afford  no 
Itgruide  to  the  consumption  of  individuals.  We  shall  first  consider  the 
A  quantity  sufficient  for  men  in  regular  active  exercise  ;  and  then  inquire 

iow  far  that  may  be  safely  reduced,  for  those  who  lead  a  more  sedentary 
.1  life. — The  Diet-scale  of  the  British  Navy  may  be  advantageously  taken 

is  a  specimen  of  what  is  required  for  the  first  class.  It  is  well  known 
what  an  extraordinary  improvement  has  taken  place  in  the  health  of 
r;t  seamen  during  the  last  80  years  ;  so  that  three  ships  can  now  be  kept 
l|:moat,  with  only  the  same  number  of  men  as  were  formerly  required 
Kor  two.  This  is  due  to  the  improvement  of  the  quality  of  the  food,  in 
»  ;ombination  with  other  prophylactic  means.  At  present,  it  may  safely 
Boe  affirmed  that  it  would  not  be  easy  to  construct  a  diet-scale  more 
»l  idapted  to  answer  the  required  purpose.  The  health  of  crews  that  have 
Kong  been  afloat,  and  have  been  exposed  to  every  variety  of  external  con- 
Bditions,  appears  to  be  preserved  (at  least  when  they  are  under  the  direc- 
■don  of  judicious  officers)  to  the  full  as  well  as  that  of  persons  subject  to 
■idmilar  vicissitudes  on  shore ;  and  there  can  be  no  complaint  of  insuffi- 
ciency of  food,  although  the  allowance  cannot  be  regarded  as  superfluous. 

I  .t  consists  of  from  31  to  35^  oz.  of  dry  nutritious  matter  daily;  of  this, 

oz.  are  vegetable  and  the  rest  animal ;  and  it  contains,  as  does  also  that 

I  'f  the  English  soldier,  5  oz.  of  Nitrogenous  compounds  and  10  oz.  of  Carbon. 
■IChe  ordinary  diet  of  the  Dutch  soldier  contains  5  oz.  of  Nitrogen  com- 

>ounds  and  10^  oz.  of  Carbon  in  war,  but  in  peace  only  3^oz.  of  the  former; 

II  he  French  soldier,  4foz.  and  12  oz. ;  Greenwich  pensioner,  3|  oz.  and 
■)  0  oz. ;  Chelsea  pensioner,  4  oz.  and  9f  oz. ;  the  old  men  of  Gillespie's 
lllospital,  in  Edinburgh,  3  oz.  and  10  oz.    Paupers. — Taking  the  average 

I  fall  the  workhouses  in  the  kingdom,  3^  oz.  of  Nitrogenous  compounds 

II  nd  S\  oz.  of  Carbon.  The  boys  of  the  Eoyal  Naval  School,  at  Green- 
i  rich,  2|  oz.  and  7\  oz. ;  and,  finally,  the  boys  of  Christ's  Hospital,  in 
H  jondon,  have  only  2£  oz.  of  Nitrogenous  compounds  and  7  oz.  of  Carbon 

I I  their  food.*  In  the  case  of  Prisoners,  the  diet  should  be  of  course  as 
rl  pare  as  possible,  consistently  with  health ;  but  it  should  be  carefully 
■Modified,  in  individual  cases,  according  to  several  collateral  circum- 
n  nances,  such  as  depression  of  mind,  compulsory  labour,  previous  intem- 
perate habits,  and  especially  the  length  of  confinement.  It  has  been  sup- 
posed by  some,  that  prisoners  require  a  fuller  diet  than  persons  at  large ; 

|  ns  is  probably  erroneous;  but  more  variety  is  certainly  desirable,  to 
Counteract,  as  far  as  possible,  the  depressing  influence  of  their  condition 
I  pon  the  digestive  powers.  The  evil  effect  of  an  undue  reduction  in  the 
I  apply  of  food,  and  of  insufficient  attention  to  its  quality,  has  unfortu- 
I  ately  been  too  frequently  displayed  in  our  prisons  ;  a  notable  example 

I  *  Lankestcr  in  "  Guide  to  the  Food  Collection  of  the  South  Kensington  Museum. " 
I 
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of  which  will  be  hereafter  alluded  to  (§  78).    Prom  the  information 
collected  by  Dr.  Edward  Smith  for  the  Government,*  it  is  ascertained 
that  some  people  eat  ten  times  more  food,  in  point  of  nutriment,  than 
others,  and  that  in  whole  classes  of  the  community  a  difference  of  one- 
half  in  the  amount  obtained  by  the  lowest  fed  is  common.    From  the 
extended  experiments  which  he  has  made  on  the  amount  of  Carbon 
daily  eliminated  by  men  in  good  health  during  the  middle  period  of  life 
"when  at  perfect  rest,  it  appears  that  it  amounts  to  7 '9  oz.,  with  the  esti- 
mated exertion  of  the  middle  and  light  labouring  classes  to  9*5  oz.,  and 
with  the  estimated  exertion  of  the  hard  labouring  classes  to  12*5  ounces. 
On  an  examination  of  the  nature  of  the  food  actually  consumed  by  these 
classes,  it  was  found  that  the  proportion  of  Carbon  present  was  approxi- 
mately represented  by  the  above  numbers  ;  indoor  labourers,  as  cotton 
and  silk  operatives,  needlewomen,  and  shoemakers,  consuming  abou' 
10*5  oz.,  and  agricultural  labourers,  in  England,  13"2  oz. ;  in  Great 
Britain  and  Ireland,  14'1  oz.    Hence  it  may  be  stated  that  the  adult 
body  requires  an  average  minimum  daily  amount  of  Carbon  of  9|  to 
10|  ounces  in  the  middle  and  light  labouring  classes,  and  of  12^  to  14 
ounces  in  the  ordinary  hard  labouring  classes,  that  is  from  25  to  30 
grains  per  lb.  weight  of  the  whole  body.     It  is  interesting  to  notice 
that  the  infant  consumes  no  less  than  136  grains  of  Carbon  for  each 
pound  of  body  weight,  a  proportion  three  to  four  times  greater  than 
that  actually  obtained  by  the  poor  in  adult  life.    As  regards  the 
amount  of  Nitrogen,  Dr.  Smith's  observations  show  that  about  200 
grains  of  Nitrogen  are  used  up  daily  in  the  working  of  the  body  by 
the  light  labouring  classes,  whilst  in  the  middle  and  well-fed  classes 
the  total  evacuation  by  all  the  excretions  was  260  grains.    The  actua 
amount  obtained  in  food  by  the  indoor  classes  was  183  grains,  an 
by  the  outdoor  labourers  in  England  242  grains ;  and  hence  we  ma 
place  the  requirements  of  the  adult  body  daily  at  200  grains  with  ligh 
occupation,  and  250  grains  for  ordinarily  hard  working  labourers,  or  fro 
1  to  1|  grain  per  lb.  of  body  weight.    The  proportion  of  Nitrogen  to  th 
body  weight  consumed  by  the  infant  appears  to  be  about  six  time 
greater  than  that  of  the  adult.    The  amount  of  mineral  constituents  in 
eluding  chlorine,  phosphoric  and  sulphuric  acids,  potash,  soda,  lime 
and  magnesia  daily  required,  as  estimated  by  the  amount  excreted,  varie 
from  about  200  to  600  grains.    Lastly,  about  6  lbs.,  or  nearly  fiv 
pints,  of  water  per  day  are  necessary  with  moderate  exertion  and  tempe 
rature.     The  following  is  a  dietary  furnished  by  Dr.  Smith,  which  h 
considers  may  be  taken  as  the  substantial  part  of  a  proper  and  modera 
quantity  of  food  for  a  man  in  good  health  with  a  good  appetite 
and  making  a  moderate  degree  of  exertion  :  —  Breakfast.  —  f  pin 
of  milk ;  \  pint  of  water  with  coffee  or  tea ;  bread,  4  oz.  to  6  oz. 
butter,  f  oz. ;  sugar,  f  oz. ;  bacon,  3  oz.,  or  eggs,  4  oz.,  or  cooke 
meat,  3  oz.    Dinner. — Cooked  meat,  4  oz.  to  6  oz. ;  potatoes,  8  oz. 
bread,  3  oz.  to  4  oz. ;  pudding,  8  oz. ;  cheese,  \  oz. ;  soup,  6  oz.  ;  wate 
or  beer,  \  pint.    Tea. — Water  with  tea,  f  pint ;  sugar,  f  oz. ;  mi 
or  cream,  2  oz. ;  bread,  3  oz. ;  butter,  \  to  f  oz.    Supper.—  Milk,  f  pint 
oatmeal,  1  oz.,  and  bread  3  oz.  to  4  oz.,  or  eggs,  4  oz.,  or  cooke 


*  See  "  Practical  Dietary,"  1864,  p.  20. 
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meat,  3  oz.,  and  bread,  3  oz. ;  butter  or  cheese,  \  oz. ;  water  or  beer, 

66.  The  smallest  quantity  of  food  upon  which  life  is  known  to  have 
been  supported  with  vigour,  during  a  prolonged  period,  is  that  on 
which  Cornaru  states  himself  to  have  subsisted ;  this  was  no  more  than 
12  oz.  a  day,  chiefly  of  vegetable  matter,  with  14  oz.  of  light  wine,  for 
a  period  of  58  years.  There  is  another  well-known  case  (that  of  Thomas 
Wood,  the  miller  of  Billericay,  reported  to  the  College  of  Physicians 
m  1767  by  Sir  George  Baker),  in  which  a  remarkable  degree  of  vigour 
was  sustained  for  upwards  of  eighteen  years,  upon  no  other  nutriment 
than  16  oz.  of  flour  (containing  about  14  oz.  of  dry  solids)  made  into 
i  pudding  with  water,  no  other  liquid  of  any  kind  being  taken.  There 
ire  probably  few,  however, — at  least  among  those  whose  avocations 
require  much  mental  or  bodily  exertion, — who  could  long  persevere  in 
such  a  diet.  Still  it  is  certain  that  life  with  a  moderate  amount  of 
vigour  may  be  preserved  for  some  time  on  a  very  limited  allowance  of 
food ;  this  appears  from  the  records  of  shipwreck  and  similar  disasters, 
m  regard,  however,  to  those  who  have  been  stated  to  fast  for  a  period 

hf  months  or  even  years,  taking  no  nutriment  but  maintaining  an 
ictive  condition,  it  may  be  safely  asserted  that  they  were  impostors, 
orobably  possessing  unusual  powers  of  abstinence,  which  they  took 

;i  means  to  magnify. 

67.  Of  the  quantity  which  can  be  devoured  at  one  time,  this  is  scarcely 
:he  place  to  speak ;  since  such  feats  of  gluttony  only  demonstrate  the 
ixtraordinary  capacity  which  the  stomach  may  be  made  to  attain  by 
continual  practice.  Many  amusing  instances  are  related  by  Captain 
Darry  in  his  "  Arctic  Voyages ;"  in  one  case  a  young  Esquimaux,  to  whom 
ie  had  given  (for  the  sake  of  curiosity)  his  full  tether,  devoured  in  four- 
fa  md-twenty  hours  no  less  than  35  lbs.  of  various  kinds  of  aliment,  includ- 

ng  tallow  candles.  A  case  has  more  recently  been  published  of  a  Hindoo, 
•vho  can  eat  a  whole  sheep  at  a  time ;  this  probably  surpasses  any  other 
nstance  on  record.    The  half-breed  voyageurs  of  Canada,  according  to 
Sir  John  Franklin,  and  the  wandering  Cossacks  of  Siberia,  as  testified  by 
I  Japt.  Cochrane,  habitually  devour  a  quantity  of  animal  food  which  would 
De  soon  fatal  to  any  one  unused  to  it.   The  former  are  spoken  of  as  very 
hliscontented,  when  put  on  a  short  allowance  of  8  lbs.  of  meat  a  day  ;  their 
lsual  consumption  being  from  12  to  20  lbs.— That  a  much  larger  quantity 
)f  food  than  that  formerly  specified,  may  be  habitually  taken  with  perfect 
reedom  from  injurious  consequences,  under  a  particular  system  of  exer- 
cise, &c,  appears  from  the  experience  of  those  who  are  trained  for  feats 
j  »f  strength,  pugilistic  encounters,  &c.     The  ordinary  belief  that  the 
|  ^.thletic  constitution  cannot  be  long  maintained,  appears  to  have  no  real 
I  oundation ;  nor  does  it  appear  that  any  ultimate  injury  results  from  the 
I'yatem  being  persevered-in  for  some  time.    That  '  trained'  men  often  fall 
I  nto  bad  health  on  the  cessation  of  the  plan,  is  probably  owing  in  part 
I  o  the  intemperance  and  other  bad  habits  of  persons  of  the  class  usually 
I  ■ubjected  to  this  discipline.  The  effects  of  trainers'  regimen  are  hardness 
I  ind  firmness  of  the  muscles,  clearness  of  the  skin,  capability  of  bearing 
I  :ontinued  severe  exercise,  and  a  feeling  of  freedom  and  lightness  (or 
I  corkiness')  in  the  limbs.    During  the  continuance  of  the  system,  it  is 
I  ound  that  the  body  recovers  with  wonderful  facility  from  the  effects  of 


86 


OF  FOOD,  AND  THE  DIGESTIVE  PROCESS. 


injuries;  wounds  heal  very  rapidly ;  cutaneous  eruptions  usually  disappear. 
Clearness  and  vigour  of  mind,  also,  are  stated  to  be  results  of  this  plan.* 
The  injurious  effects  observed  in  those  who  suddenly  engage  in  trials 
of  strength  and  endurance,  as  in  rowing,  running,  and  gymnastics, 
are  probably  attributable  to  their  being  undertaken  by  young  persons 
who  have  undergone  an  insufficient  amount  of  training,  and  who  exhaust 
themselves  by  exerting  their  whole  nervous  energies,  or  who  induce 
some  physical  derangement  of  the  vascular  or  respiratory  system,  by  the 
violent  muscular  efforts  put  forth.")" 

68.  It  is  not  enough  for  the  healthy  support  of  the  body,  that  the  Food 
ingested  should  contain  an  adequate  proportion  of  alimentary  constituents; 
it  is  important  that  these  should  be  in  a  wholesome  or  undecomposing 
state.  It  is  a  fact  very  familiar  to  German  Toxicologists,  that  cheese,  bacon, 
sausages,  and  other  articles,  may  spontaneously  undergo  such  deleterious 
alterations,  as  give  rise,  when  they  are  employed  as  food,  to  all  the 
symptoms  of  irritant  poisoning,  which  may  even  pass-on  to  produce  fatal 
consequences ;  that  such  occurrences  are  very  rare  in  this  country,  is 
probably  to  be  attributed  to  a  difference  in  the  mode  of  preparation. 
This  change  does  not  appear  to  consist  in  simple  putrescence ;  for  the 
effects  which  the  cheese-poison,  sausage-poison,  &c,  produce  on  the  animal 
economy,  are  far  more  potent  than  mere  putrescence  could  occasion ;  and 
it  is  supposed  by  Liebig  to  consist  in  the  generation  of  a  peculiar  ferment, 
which  the  stomach  is  notable  to  decompose.  Similar  changes  in  ordinary 
flesh-meat  seem  to  be  sometimes  consequent  upon  the  previous  existence 
of  a  diseased  condition  in  the  animal  which  furnished  it.  Thus  from  Mr. 
Gamgee's  inquiries  it  appearsj  that  the  sale  of  meat  derived  from  animals 
which  have  suffered  from  the  recently  prevalent  diseases,  pleuro-pneu- 
monia  and  typhoid  fever,  is  lamentably  common  even  in  the  London 
markets  ;  and  it  has  been  well  stated§  that  "  although  it  may  be  difficult 
to  prove  it  by  actual  cases,  there  can  be  no  doubt  that  unwholesome  meat 
is  one  cause  amongst  many  of  the  debility  and  cachexies,  the  poverty  of 
blood  and  intractable  maladies  of  the  poor  who  flock  to  the  dispensaries  and 
parochial  medical  officers,  and  especially  of  diarrhoea  during  hot  weather." 
Many  instances  of  this  kind  have  been  recorded  ;||  and  the  risk  is  quite  suf- 
ficient to  justify  a  strict  prohibition  of  the  use  of  any  such  article. — That 

*  The  method  of  training  employed  by  Jackson  (a  celebrated  trainer  of  prize-fighters 
in  modern  times),  as  deduced  from  his  answers  to  questions  put  to  him  by  John  Bell, 
was  to  begin  on  a  clear  foundation  by  an  emetic  and  two  or  three  purges.  Beef  and 
mutton,  the  lean  of  fat  meat  being  preferred,  constituted  the  principal  food ;  veal, 
lamb,  and  pork  were  said  to  be  less  digestible  ("  the  last  purges  some  men").  Fish  was 
said  to  be  a  "  watery  kind  of  diet:"  and  is  employed  by  jockeys  who  wish  to  reduce 
weight  by  sweating.  Stale  bread  was  the  only  vegetable  food  allowed.  The  quantity 
of  fluid  permitted  was  3|  pints  per  diem;  but  fermented  liquors  were  strictly  forbidden. 
Two  full  meals,  with  a  light  supper,  were  usually  taken.  The  quantity  of  exercise 
employed  was  very  considerable,  and  such  as  few  men  of  ordinary  strength  could  endure. 
— This  account  corresponds  very  much  with  that  which  Hunter  gave  of  the  North 
American  Indians,  when  about  to  set^forth  on  a  long  march. 

t  See  Skey's  Letter  and  subsequent  discussion  in  "Times"  of  October,  1867. 

+  <  Cattle  Plague  and  Diseased  Meat.'  Letter  to  Sir  George  Grey,  1857,  quoted 
in  "  Med.-Chir.  Rev.,"  1858. 

§  In  a  Report  of  the  Committee  of  the  Metropolitan  Association  of  Medical  Omcers 

of  Health.  ,  „  , 

||  Seo"Ann.  d'Hygiene,"  1829,  u.  p.  267  ;  1834,  li.  69 ;  also  Taylor  m  "  Guy  s 
Hospital  Reports,"  April,  1843. 
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ieat  which  is  simply  putrescent  is  to  be  considered  as  injurious  per  «<?,  when 
abitually  employed,  is  scarcely  a  matter  of  reasonable  doubt.  It  is  true 
bat  some  nations  are  in  the  habit  of  keeping  their  meat  until  it  is  tainted, 
aving  a  preference  for  it  in  that  condition,  which  seems  to  have  grown 
ut  of  the  supposed  necessity  for  thus  employing  it ;  a  preference  which 
as  its  parallel  among  the  epicures  in  our  own  country,  who  consider  the 
aut  gout  essential  to  the  perfection  of  their  venison  or  woodcock.  One 
f  the  most  remarkable  examples  of  this  kind  among  a  civilized  people,  is 
arnished  by  the  inhabitants  of  the  Faroe  Islands ;  who,  according  to  the 
leport  of  Dr.  Panum,  who  has  investigated  their  Sanitary  condition,  live 
uring  a  large  part  of  the  year  upon  meat  in  a  state  of  incipient  decom- 
osition,  and  introduce  rast,  or  half  decayed  maggotty  flesh,  fowl,  or  fish, 
s  a  special  relish  at  the  end  of  a  meal.*  The  result  of  such  a  diet  is  (as 
light  be  anticipated)  a  continual  disorder  of  the  digestive  organs,  mani- 
;sting  itself  especially  by  diarrhoea,  which  also  complicates  the  course  of 
ther  diseases,  and  even  becomes,  from  its  obstinacy  and.  exhausting  cha- 
pter, their  most  serious  occurrence.  Moreover,  the  Faroese  are  peculiarly 
able  to  suffer  severely  from  epidemics,  when  these  are  introduced  among 
lem.  Hence,  notwithstanding  that  the  usual  rate  of  mortality  is  very 
)w  (only  1  in  64|  annually),  it  is  obvious  that  there  is  a  certain  consti- 
ltional  condition  among  them,  which  peculiarly  favours  the  reception 
nd  propagation  of  zymotic  poisons;  and  it  is  quite  conformable  to 
le  principles  elsewhere  laid  down,  to  attribute  this  to  the  habitual 
ltroduction  of  putrescent  matter  with  the  food.  It  is  probable,  indeed, 
lat  if  it  were  not  for  the  active  lives  of  the  Faroese,  and  their  habitual 
xposure  to  a  low  external  temperature,  the  direct  effects  of  their  diet 
ould  be  far  more  prejudicial  than  they  are ;  but  a  large  part  of  these 
re  probably  neutralized  by  that  activity  of  respiration  which  the  habits 
f  life  of  this  hardy  people  induce,  much  of  the  noxious  matter  being 
ecomposed  and  eliminated  by  the  combustive  process.  Hence  it 
iay  well  be  conceived,  that  the  effects  of  putrescent  food  would  be 
mch  more  decidedly  manifested  amongst  individuals  dwelling  in 
lose,  ill- ventilated  apartments ;  and  although  the  same  means  of  com- 
arison  do  not  exist,  since  there  is  no  part  of  our  town-population  habi- 
lally  subsisting  on  such  a  diet  as  that  of  the  Faroese,  yet  there  is  no 
'ant  of  evidence  -with  regard  to  the  injurious  effects  of  even  the  occasional 
mployment  of  putrescent  food,  especially  when  any  zymotic  disease  is 
pidemic.j 

69.  That  it  is  Water  which  constitutes  the  natural  drink  of  Man,  and 
lat  no  other  liquor  can  supply  its  place,  is  apparent  from  the  most 

*  See  Dr.  Panum 's  '  Observations  on  an  Epidemic  of  Measles  in  the  Faroe  Islands,' 
i  the  "Bibliothek  for  Laegr."  1846  ;  of  which  an  analysis  is  given  in  the  "  Brit.  and. 
or.  Med.-Chir.  Rev."  vol.  vii.  p.  419. 

T  r  acts  of  this  kind  have  been  abundantly  furnished  during  the  visitations  of  Cholera, 
ee  the  "  Report  of  the  General  Board  of  Health  on  the  Epidemic  Cholera  of  1848  and 
349,  pp.  63,  64. — An  instance  of  a  very  remarkable  kind  occurred  at  Bridgewater, 
wards  the  close  of  that  epidemic,  as  related  to  the  Author  by  Dr.  Brittan.  A  cargo 
;  spoiled  oysters  having  been  brought  to  the  town,  and  the  sale  of  them  having  been 
rohibited  on  account  of  their  putrescent  condition,  they  were  given  away  to  any 
no  would  receive  them ;  and  several  children  in  a  neighbouring  school  partook  of  them 
entifuhy.  In  the  course  of  the  following  night,  all  who  had  eaten  of  the  oysters  (so 
tr  as  Dr.  Brittan  could  ascertain)  were  attacked  with  cholera  and  choleraic  diarrhoea, 
nd  eleven  of  the  children  died  the  next  day. 
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cursory  glance  at  its  uses  in  the  system ;  and  it  is  only  necessary  here  to 
remark,  that  the  purity  of  the  water  habitually  ingested  ia  a  point  of 
extreme  importance.    A  very  minute  impregnation  with  lead,  for  ex- 
ample, is  quite  sufficient  to  develope  all  the  symptoms  of  chronic  lead- 
poisoning,  if  the  use  of  such  water  be  sufficiently  prolonged.    In  the  case 
of  the  ex-royal  family  of  France,  many  of  whom  suffered  in  this  manner 
at  Claremont,*  the  amount  of  lead  was  only  about  one  grain  per  gallon ; 
and  in  a  case  subsequently  published,  in  which  also  the  symptoms  of 
lead-poisoning  were  unequivocally  developed,  the  amount  was  no  more 
than  l-9th  of  a  grain. f    So,  again,  an  excess  of  the  saline  ingredients 
which  appear  to  be  innocuous  in  small  quantities,  may  produce  a  marked  | 
disorder  of  the  digestive  organs,  and  (through  them)  of  the  system 
generally.^    Moreover,  as  in  the  case  of  food,  the  presence  of  a  very 
small  amount  of  putrescent  matter  is  quite  sufficient  to  produce  the 
most  pernicious  results,  when  that  matter  is  habitually  introduced  into 
the  system ;  and  these  results,  on  the  one  hand,  manifest  themselves  in 
the  production  of  certain  disorders  which  appear  distinctly  traceable  to 
the  direct  action  of  the  poison  so  introduced ;  whilst,  on  the  other,  they  i 
become  apparent  in  the  extraordinary  augmentation  of  the  liability  to 
attacks  of  such  zymotic  diseases  as  may  at  the  time  be  prevalent.§    The  j 
quantity  of  water  daily  consumed  is  about4  or  5  pounds;  and  a  slightexcess, 
indicative  of  its  formation  in  the  system,  is  daily  eliminated.  The  ingestion 
of  large  quantities  has  been  shown  by  Mosler||  to  cause  a  considerable  in- 
crease in  the  discharge  of  urea  and  salts  in  the  urine,  which  appears  to 
be  the  result  of  an  increased  metamorphosis  of  the  albuminous  constitu- 
ents of  the  blood  and  tissues.    Besides  Water,  the  chief  fluids  consumed 
in  England  are  Beer,  Tea,  and  Coffee.    Wine  is  as  yet  restricted  to  the 
upper  classes ;  but  large  quantities  of  spirits,  especially  of  Gin,  are  taken  I 
by  the  poor.    Whiskey  is  used  by  the  labouring  classes  of  Ireland  and 
Scotland,  and  Rum  is  still  served  out  to  the  Navy.    The  proportion  of 
Alcohol  in  Beer  varies  from  1  to  12  per  cent.;  in  the  light  wines  of 
France  and  Germany  from  8 — 15  per  cent.,  and  in  the  stronger  Spanish  j 
wines  from  15  to  25  per  cent.   Besides  Alcohol,  all  wines  contain  certain  ! 
volatile  Ethers,  and  more  or  less  of  the  Acetic,  Tartaric,  and  Tannic  j 
Acids.    Sugar  and  Extractives  are  also  commonly  present.    The  use  of 
Alcohol,  in  combination  with  water  and  with  organic  and  saline  com- 
pounds, in  the  various  forms  of  '  fermented  liquors,'  deserves  particular  : 
notice,  on  account  of  the  numerous  fallacies  which  are  in  vogue  respect- 
ing it. — In  the  first  place,  it  may  be  safely  affirmed  that  Alcohol  cannot  \ 
answer  any  one  of  those  important  purposes  for  which  the  use  of  1 
Water  is  required  in  the  system  ;  and  that,  on  the  other  hand,  it  tends  I 
to  antagonize  many  of  those  purposes,  by  its  power  of  precipitating  most  I 
of  the  organic  compounds,  whose  solution  in  water  is  essential  to  their  | 

*  See  the  account  of  this  case,  which  presents  many  features  of  great  interest,  in  I 
(he  "Dublin  Quarterly  Journal  of  Medical  Science,"  vol.  vii.  p.  415. 

f  See  Herapath  in  "  Medical  Gazette,'^  Sept.  20,  1850,  p.  518. 

±  Of  this  a  very  instructive  case,  which  occurred  at  Wolverton,  has  been  pub- 
lished by  Mr.  Corfe  in  the  "  Pharmaceutical  Journal,"  July,  1848.  ,  „ 

§  For  ample  evidence  to  this  effect,  see  Dr.  Pereira's  "  Treatise  on  Food  and  Diet, 
pp  89-91 -  and  the  "  Report  of  the  General  Board  of  Health  on  the  Epidemic  Cholera 
of  1848  and  1859,"  pp.  59-63,  "  Appendix  a,"  p.  14,  and  "  Appendix  b,"  pp.  91-95. 

||  "  Archiv  des  Vereins.  f.  gemeins.  Arbeit.,'  Bd.  m.  1857,  p.  398. 
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appropriation  by  the  living  body.  Secondly,  the  ingestion  of  Alcoholic 
liquors  cannot  supply  anything  which  is  essential  to  the  due  nutrition  of 
the  system ;  since  we  find  not  only  individuals,  but  whole  nations,  main- 
taining the  highest  vigour  and  activity,  both  of  body  and  mind,  without 
ever  employing  them  as  an  article  of  diet.  Thirdly,  there  is  no  reason 
to  believe  that  Alcohol,  in  any  of  its  forms,  can  become  directly  subser- 
vient to  the  Nutrition  of  the  tissues ;  for  it  may  be  certainly  affirmed 
lat,  in  common  with  non-azotized  substances  in  general,  it  is  incapable 
of  transformation  into  Albuminous  compounds ;  and  there  is  no  sufficient 
evidence,  that  even  Fatty  matters  can  be  generated  in  the  body  at  its 
expense.*  Fourthly,  the  Alimentary  value  of  Alcohol,  if  it  possess  any, 
consists  merely  in  its  power  of  contributing  to  the  production  of  heat, 
by  affording  a  pabulum  for  the  respiratory  process :")"  whilst  the  result 
of  the  experience  of  Arctic  Voyagers  is  most  decided  in  regard  to  the 
comparatively  low  value  of  Alcohol  as  a  heat-producing  material. 
Fifthly,  the  operation  of  Alcohol  upon  the  living  body  is  essentially  that 
of  a  stimulus ;  increasing  for  a  time,  like  other  stimuli,  the  vital  activity 
of*  the  body,  and  especially  that  of  the  nervo-muscular  apparatus,  so  that 
a  greater  effect  may  often  be  produced  in  a  given  time  under  its  use, 
than  can  be  obtained  without  it ;  but  being  followed  by  a  corresponding 
depression  of  power,  which  is  the  more  prolonged  and  severe,  in  propor- 
ion  as  the  previous  excitement  has  been  greater.  Still  it  is  certain  that 
Alcohol  is  not  without  its  value  under  various  corporeal  conditions  ;  and 
the  views  expressed  by  Dr.  Hammond, \  that  its  effects,  injurious  or  salu- 
tary, are  in  a  great  measure  dependent  upon  the  quantity  of  food  con- 
umed  with  it,  are  probably  true.  When  the  food  is  ample  in  quantity 
nd  varied  in  quality,  and  the  digestion  good,  Alcohol  is  unnecessary, 
xciting  the  circulation,  and  tending  to  produce  a  plethoric  condition  of 
the  system ;  §  but  when  the  diet  is  insufficient,  or  the  digestion  feeble, 
le  effects  of  Alcohol,  when  taken  in  moderate  quantities,  seem  decidedly 
eneficial,  the  body  not  only  ceasing  to  lose,  but  actually  gaining  in 
weight :  the  Alcohol  either  taking  the  place  of  the  food,  or  retarding  the 
letamorphosis  of  the  tissues. — The  Physiological  objections  to  the  habi- 
ual  use  of  Alcoholic  liquors  rest  upon  the  following  grounds.  First, 

*  It  is  quite  true  that  some  persons  who  consume  large  quantities  of  fermented 
iquors  become  very  fat ;  but  the  material  for  this  fat  is  probably  derived  in  part  from 
he  constituents  of  the  food,  and  in  part  from  the  disintegration  of  the  tissues ;  the 
ydrocarbonaceous  matters  in  the  system  being  prevented  from  undergoing  the  com- 
ustive  process  to  which  they  would  otherwise  be  subject.  Much  of  the  fatty  deposit 
n  intemperate  persons  has  the  character  of  '  fatty  degeneration ;'  the  tendency  to 
inch  is  very  marked  in  persons  of  this  class. 

t  According  to  MM.  Duroy,  Lallemand,  and  Perrin,  "  Du  rdle  de  l'Alcool  et  des 
lesthetiques  dans  l'Organisme,"  1860,  Dr.  Marcet,  "  Chronic  Alcoholic  Intoxica- 
>n,  1862,  and  Dr.  Edward  Smith,  "  Cyclical  Changes,"  much  of  the  alcohol  ingested 
discharged  again  unchanged  in  the  secretions  of  the  skin,  lungs,  bowels,  and  kidneys, 
is,  however,  is  denied  by  Dr.  Anstie,  who  found  in  experiments  undertaken  with 
l  AyS*  Dupre,  of  the  Westminster  Hospital,  that  even  after  large  quantities  of 
ilcohc-I  had  been  consumed  only  a  trace  reappeared  in  the  egesta.  (See  Lancet,  1865.) 
+  "  Ainer.  Joum.  of  Med.  Sciences,"  Oct.  1856. 

U  According  to  Dr.  Ed.  Smith  ("Transact,  of  Roy.  Med.  Society  of  London,"  vol.  i. 
*  i.  p.  1,  18G1),  alcohol  interferes  with  alimentation,  diminishes  the  excretion  of 
ea  and  the  action  of  the  skin,  and  increases  the  general  activity  of  the  vascular 
ystem.    Rum  increases,  but  brandy  and  ain  lessen  the  excretion  of  carbonic  acid 
•y  the  lungs.  J  ° 
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they  are  universally  admitted  to  possess  a  poisonous  character,  when  ad- 
ministered in  large  doses ;  death  being  the  speedy  result,  through  the 
suspension  of  nervous  power,  which  their  introduction  into  the  circula- 
tion in  sufficient  quantity  is  certain  to  induce.  Secondly,  when  habi- 
tually used  in  excessive  quantities,  universal  experience  shows  that 
Alcoholic  liquors  tend  to  produce  a  morbid  condition  of  the  body  at 
large,  and  especially  of  the  nervous  system ;  this  condition  being  such  as 
a  knowledge  of  its  modus  operandi  on  the  body  would  lead  the  Physiolo- 
gist to  predicate.  Thirdly,  the  frequent  occurrence  of  more  chronic  dis- 
eases of  the  same  character,  among  persons  advanced  in  life,  who  have 
habitually  made  use  of  Alcoholic  liquors  in  '  moderate'  amount,  affords 
a  strong  probability  that  they  result  from  a  gradual  perversion  of  the 
nutritive  processes,  of  which  that  habit  is  the  cause.  This  perversion 
manifests  itself  peculiarly  in  the  tendency  to  '  fatty  degeneration'  of  the 
muscular  substance  of  the  heart,  of  the  walls  of  the  arteries,  of  the 
glandular  substance  of  the  kidney  and  liver,  and  of  many  other  parts; 
and  thus  gives  rise  to  a  great  variety  of  forms  of  disease.  Fourthly,  the 
special  liability  of  the  intemperate  to  zymotic  diseases,  seems  an  in- 
dication that  the  habitual  ingestion  of  Alcoholic  liquors  tends  to  prevent 
the  due  elimination  of  the  azotized  products  of  the  disintegration  of  the 
system,  and  thus  to  induce  a  '  fermentible'  condition  of  the  bloo 
Fifthly,  extended  experience  has  shown,  that  notwithstanding  the  tem- 
porary augmentation  of  power  which  may  result  from  the  occasional  use 
of  fermented  liquors,  the  capacity  for  prolonged  endurance  of  mental  or 
bodily  labour,  and  for  resisting  the  extremes  of  heat  and  cold,  as  well  as 
other  depressing  agencies,  is  diminished  rather  than  increased  by  their 
habitual  employment.  On  these  grounds,  the  Author  has  felt  himse 
fully  justified  in  the  conclusion,  that,  for  Physiological  reasons  alone, 
habitual  abstinence  from  Alcoholic  liquors  is  the  best  rule  that  can  be 
laid  down  for  the  great  majority  of  healthy  individuals  ;  the  exceptiona 
cases  in  which  any  real  benefit  can  be  derived  from  their  use,  bein 
comparatively  few.* 

70.  The  very  extensive  employment  of  Tobacco  by  men  of  almo 
every  rank  in  society  in  this  country,  and  the  large  consumption  of  T 
and  Coffee  by  both  sexes  throughout  the  community,  render  the  stud 
of  their  effects  upon  the  animal  economy  particularly  interesting,  thoug 
up  to  the  present  time  exceedingly  few  observations  have  been  made 
The  effects  of  Tobacco  are  chiefly  due  to  the  absorption  of  the  extreme! 
poisonous  liquid  alkaloid  Nicotia,  which  exists  in  the  plant  in  combina 
tion  with  Citric  and  Malic  Acids,  and  from  its  remarkable  volatility, 1 
contained  in  and  inhaled  with  the  smoke  of  the  smouldering  leaves.  It 
chemical  composition  is  represented  by  the  formula  C10H,N.  Dr 
Hammond's  conclusions  (Op.  cit.)  from  his  experiments  upon  the  use  o 
Tobacco  are,  that  whilst  it  only  slightly  affects  the  excretion  of  carboni 
acid  from  the  lungs,  it  diminishes  the  quantity  of  fraces,  urine,  aqueou 
vapour,  and  of  chlorine,  but  it  increases  the  amount  of  uric,  phosphori 
and  sulphuric  acids  eliminated  by  the  kidneys, — circumstances  whici 
seem  to  indicate  that  there  is  an  increase  in  the  interstitial  change 

*  See  his  "  Physiology  of  Temperance  and  Total  Abstinence  ;"  also  the  importer 
Treatise  on  "  Alcoholismus  Chronicus,"  by  Dr.  Huss  of  Stockholm,  of  which  an  »' 
stract  is  given  in  the  "Brit,  and  For.  Mcd.-Chir.  Rev.,"  vols.  vii.  anil  ix. 
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taking  place  in  the  brain  and  nervous  tissue,  of  which  there  are  other 
indubitable  signs,  as  wakefulness,  trembling,  and  nervous  excitement. 
The  quantity  employed  in  the  experiment  was  two  cigars  thrice  a  day. — 
These  results  accord  with  general  experience ;  and  there  are  few  who 
I  will  not  coincide  with  the  moderate  tone  of  Sir  B.  Brodie's  well-known 
letter  to  the  "  Times"  on  this  subject,  dated  Aug.  27,  1860,  in  which  he 
observes  that  when  used  in  moderate  quantity,  and  under  circumstances 
of  privation,  Tobacco  may  be  not  only  harmless  but  absolutely  beneficial, 
.by  soothing  and  tranquillizing  the  nervous  system,  allaying  hunger  and 
uneasy  feelings  produced  by  mental  and  bodily  exhaustion ;  but  that 
in  too  many  instances  it  is  only  a  bad  habit,  producing  a  greater  or  less 
degree  of  derangement  of  the  nervous  system,  and  indisposing  to  both 
mental  and  bodily  exertion.  Tea  and  Coffee,  though  derived  from  dif- 
ferent classes  of  the  Vegetable  kingdom,  appear  to  contain  nearly  the 
same  organic  constituents,  but  in  different  proportions,  as  shown  in  the 
following  analysis : — 

100  Parts  of  Tea  100  Parts  of  Coffee 

contain  contain 

Water  5   12 

Theine  3   175 

Casein  15   13 

Gum.  18   9 

Sugar  3   65 

Tannic  acid  26'25  4 

Aromatic  oil   0*75    0*002 

Fibre   20    35-048 

(  Kesin  )  Palmitin  ....  $ 

Mineral  Substances  5       ........  67 

Eh  making  "  Tea"  and  "  Coffee,"  the  Theine,  Gum,  Sugar,  and  Tannic 
A.cids  are  chiefly  extracted,  the  Casein,  unless  a  little  soda  be  added  to 
che  water,  being  undissolved.  It  is  a  singular  circumstance  that  the 
Alkaloid  contained  in  Tea  and  Coffee,  as  well  as  that  in  Mate,  the  shrub 
lsed  for  tea  in  Paraguay,  should  have  the  same  chemical  composition 
A«Hi0N4O4  -(-  2  Aq.).  Strong  decoctions  of  both  fluids  counteract  the 
tendency  to  sleep,  excite  the  nervous  system  and  heart,  and  produce 
contractions  and  tremors  in  the  muscles.*  Lehmannf  and  Bbckerf 
•onsider  that  tea  and  coffee  diminish  the  excretion  of  urea,  and  conse- 
quently the  disintegration  of  the  albuminous  tissues,  whilst  they  effect 
in  increase  in  the  amount  of  water  discharged.  Voit,§  however,  from 
observations  on  a  dog,  and  Squarey||  from  experiments  on  men,  conclude 
*at  coffee  possesses  little  or  no  influence  on  the  general  nutrition  of  the 
3ody. 

2.  Of  Hunger  and  Thirst; — Starvation. 

T^e  want  of  solid  Aliment,  arising  from  the  demands  of  the 
system  for  the  materials  requisite  for  the  growth  and  maintenance  of  the 

t  Levenin  Brown-Sequard's  "Archives  de  Physiologie,"  t.  i.  p.  179, 

t  Liebig  s  «  Annalen,"  Bd.  lxxxvii.  p.  205. 

*  T,    ,   lv  d-  Vereins  f.  gemeins.,"  1853. 

S  Henle  and  Meissner's  "Bericht,"  I860,  p.  402. 

II  bee  Dr.  Parkes'  "Practical  Hygiene,"  p.  238. 
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body,  and  for  the  combustive  process,  is  indicated  by  the  sensation  of 
Hunger ;  and  that  of  liquid,  by  Thirst.  The  former  of  these  sensations 
is  referred  to  the  stomach,  and  the  latter  to  the  fauces ;  but  although 
certain  conditions  of  these  parts  may  be  the  immediate  cause  of  the 
sensations  in  question,  they  are  really  indicative  of  the  requirements  of 
the  system  at  large.  For  the  intensity  of  the  feeling  bears  no  constant 
relation  to  the  amount  of  solid  or  liquid  aliment  in  the  stomach ;  whilst, 
on  the  other  hand,  it  does  correspond  with  the  excess  of  demand  in  the 
system,  over  the  supply  afforded  by  the  blood ;  and  it  is  caused  to  abate 
by  the  introduction  of  the  requisite  material  into  the  circulating  fluid, 
even  though  this  be  not  accomplished  in  the  usual  manner  by  the  ingestion 
of  food  or  drink  into  the  stomach. 

72.  That  the  sense  of  Hunger,  however,  is  immediately  dependent 
upon  some  condition  of  the  Stomach,  seems  to  follow  from  the  fact,  that 
it  may  be  temporarily  alleviated  by  introducing  into  the  digestive  cavity 
matter  which  is  not  alimentary.  Of  the  precise  nature  of  that  condition, 
we  have  no  certain  knowledge.  It  is  easy  to  prove  that  many  of  the 
causes  which  have  been  assigned  for  the  sensation,  are  but  little,  if  at  all, 
concerned  in  producing  it.  Thus,  mere  emptiness  of  the  Stomach  cannot 
occasion  it ;  since,  if  the  previous  meal  have  been  ample,  the  food  passes 
from  its  cavity  some  time  before  the  uneasy  feeling  is  renewed ;  and  this 
emptiness  may  continue  (in  certain  disordered  states  of  the  system)  for 
many  hours  or  even  days,  without  a  return  of  desire  for  food.  Besides, 
the  stomach  may  be  filled  with  food,  and  yet  Hunger  may  be  intensely 
felt,  if,  from  disease  of  the  pylorus  or  any  other  cause,  there  be  an  obstacle 
to  the  passage  of  the  aliment  into  the  intestine,  and  to  the  completion  of 
the  processes  of  chylification  and  absorption,  so  that  the  system  needs 
that  which  the  digestive  apparatus  is  unable  to  provide  for  it.  Again, 
the  sense  of  Hunger  cannot  be  due,  as  some  have  supposed,  to  the  action 
of  the  gastric  fluid  upon  the  coats  of  the  stomach  themselves ;  since  this 
fluid  is  not  poured  into  the  stomach,  except  when  its  production  is 
stimulated  by  the  irritation  of  the  secreting  follicles.  Nor  is  it  conveyed 
through  the  pneumogastric  nerves,  since,  as  shown  by  Dr.  John  Reid,* 
after  section  of  these  nerves  animals  take  food  with  no  less  avidity  than 
previously;  indeed,  the  sense  of  satiety  rather  than  that  of  Hunger 
seems  to  be  abolished,  the  animals  often  continuing  to  gorge  themselves 
with  food  long  after  the  stomach  has  been  adequately  filled. — It  niaj, 
perhaps,  be  a  more  probable  supposition,  that  there  is  a  certain  condition 
of  the  CapiUary  circulation  in  the  Stomach,  which  is  preparatory  to  the 
secretion,  and  which  is  excited  by  the  influence  of  the  Sympathetic 
nerves,  that  communicate  (as  it  were)  the  wants  of  the  general  system. 
This  condition  may  be  easily  imagined  to  be  the  proximate  cause  of  the 
sensation  of  hunger,  by  acting  on  the  nervous  centres.  When  food  is 
introduced  into  the  stomach,  the  act  of  secretion  is  directly  excited ;  the 
capillary  vessels  are  gradually  unloaded ;  and  the  immediate  cause  of 
the  impression  on  the  nervous  system  is  withdrawn,  j"  By  the  conver- 
sion of  the  alimentary  matter  into  materials  fit  for  the  nutrition  of  the 
system,  the  remote  demand  also  is  satisfied ;  and  thus  it  is,  that  the  con- 

*  "Phys.  Anat.  and  Pathol.  Researches,"  pp.  234-239. 
f  These  views  seem  to  he  confirmed  by  the  observations  of  M.  Bernard  on  the  con- 
dition of  the  gastric  follicles  during  the  intervals  of  their  functional  activity. 
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dition  of  the  stomach  just  referred-to,  is  permanently  relieved  by  the 
ingestion  of  substances  that  can  serve  as  food.  But  if  the  ingested 
matter  be  not  of  a  kind  capable  of  solution  and  assimilation,  or  the 
digestive  apparatus  cannot  effect  its  preparation,  the  feeling  of  hunger  is 
only  temporarily  relieved,  and  soon  returns  in  greater  force  than 
before. — The  theory  here  given  seems  reconcilable  with  all  that  has  been 
said  of  the  conditions  of  the  sense  of  Hunger ;  and  particularly  with  what 
is  known  of  the  effect  produced  upon  it  by  nervous  impressions,  which 
have  a  peculiar  influence  upon  the  capillary  circulation.  It  also  cor- 
responds exactly  with  what  we  know  of  the  influence  of  the  nervous 
system,  and  of  mental  impressions,  upon  other  secretions  (chap.  xvii.). 

73.  The  sense  of  Hunger,  like  other  sensations,  may  not  be  taken  cog- 
nizance of  by  the  Mind,  if  its  attention  be  strongly  directed  towards 
other  objects ;  of  this  fact,  almost  every  one  engaged  in  active  operations, 
whether  mental  or  bodily,  is  occasionally  conscious.  The  nocturnal 
student,  who  takes  a  light  and  early  evening  meal,  and,  after  devoting 
himself  to  his  pursuits  for  several  hours  uninterruptedly,  retires  to  rest 
with  a  wearied  head  and  an  empty  stomach,  but  without  the  least  sensa- 
tion of  hunger,  is  frequently  prevented  from  sleeping  by  an  indescribable 
feeling  of  restlessness  and  deficiency ;  and  the  introduction  of  a  small 
quantity  of  food  into  the  stomach  will  almost  instantaneously  allay  this, 
and  procure  comfortable  rest.  Many  persons,  again,  who  desire  to  take 
active  exercise  before  breakfast,  are  prevented  from  doing  so  by  the 
lassitude  and  even  faintness  which  it  induces, — the  bodily  exercise  in- 
creasing the  demand  for  food,  whilst  it  draws-off  the  attention  from  the 
sensation  of  hunger. 

74.  The  conditions  of  the  sense  of  Thirst  appear  to  be  very  analogous 
to  those  of  hunger.  This  sense  is  not  referred,  however,  to  the  stomach, 
but  to  the  fauces.  It  is  probably  even  more  immediately  connected  with 
the  state  of  the  general  system,  than  that  of  hunger ;  for  the  immediate 
relief  afforded  by  the  introduction  of  liquid  into  the  stomach,  is  fully 
.iccounted-for  by  the  instantaneous  absorption  of  the  fluid  into  the  veins, 
which  is  well  known  to  take  place  when  there  is  a  demand  for  it.  This 
demand  is  increased  with  almost  equal  rapidity,  by  an  excess  in  the 

mount  of  the  fluid  excretions ;  and  it  may  be  satisfied,  or  at  least  allevi- 
ted,  without  the  introduction  of  water  into  the  stomach,  this  having 
been  one  of  the  results  observed  after  the  use  of  saline  injections  into  the 
veins  in  cases  of  Asiatic  Cholera,  as  well  as  after  immersion  in  a  warm 
bath  in  cases  of  extreme  dysphagia.  Thirst  may  also  be  produced, 
however,  by  the  impression  made  by  peculiar  kinds  of  food  or  drink  upon 
the  walls  of  the  alimentary  canal ;  thus  salted  or  highly-spiced  meat, 
ermented  liquors  when  too  little  diluted,  and  other  similarly  irritating 
.gents,  excite  thirst ;  the  purpose  of  which  is  obviously  to  cause  inges- 
tion of  fluid  by  which  they  may  be  diluted. 

75.  The  results  of  an  entire  deficiency  of  Food,  or  of  its  suppbj  in  a 
easure  inadequate  for  the  wants  of  the  system,  constitute  the  phenomena 

3f  Inanition  or  Starvation.  These  have  been  experimentally  studied  by 
M.  Chossat*  on  Birds  and  Mammals ;  and  the  information  thence  gained 
eads  us  to  a  better  comprehension  of  what  is  (unfortunately)  too  fre- 

*  "Recherchcs  Experimentales  sur  1'Inanition,"  Paris,  1843.  See  also  Pauura, 
Virchow's  "  Archiv,"  Bel.  xxix.  p.  241 ;  and  Voif,  "Zeitschrif't  f.  Biologie,"  Bd.  ii.  p.  307. 
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quently  exhibited  in  the  Human  subject. — The  following  were  the  general 
symptoms  noted  by  M.  Chossat.  The  animals  usually  remain  calm  during 
the  first  half  or  two-thirds  of  the  period ;  but  they  then  become  more 
or  less  agitated ;  and  this  state  continues  as  long  as  their  temperature 
remains  elevated.  On  the  last  day  of  life,  however,  whilst  the  tempera- 
ture rapidly  falls,  this  restlessness  ceases,  and  gives  place  to  a  state  of 
stupor.  The  animal,  when  set  at  liberty,  sometimes  looks  round  Avith 
astonishment,  without  attempting  to  fly ;  and  sometimes  closes  the  eyes, 
as  if  in  a  state  of  sleep.  Gradually  the  extremities  become  cold,  and  the 
limbs  so  weak  as  no  longer  to  be  able  to  sustain  the  animal  in  a  standing 
posture;  it  falls  over  on  one  side,  and  remains  in  any  position  in  which 
it  may  be  placed,  without  attempting  to  move.  The  respiration  becomes 
slower  and  slower ;  the  general  weakness  increases,  and  the  insensibility 
becomes  more  profound ;  the  pupil  dilates ;  and  life  becomes  extinct, 
sometimes  in  a  calm  and  tranquil  manner,  sometimes  after  convulsive 
actions  producing  opisthotonic  rigidity  of  the  body.  After  the  first  day, 
in  which  the  fasces  contain  the  residue  of  the  food  previously  taken, 
their  amount  is  very  small ;  and  they  seem  to  consist  principally  of 
grass-green  biliary  matter.  Towards  the  close  of  life,  they  contain  a 
much  larger  quantity  of  water,  even  when  none  has  been  ingested  by  the 
animal ;  and  include  much  saline  matter  in  addition  to  the  biliary. — 
The  average  loss  of  weight  in  the  warm-blooded  animals  experimented- 
on  by  M.  Chossat,  between  the  commencement  of  the  period  of  Inanition 
and  its  termination  by  death,  was  40  per  cent. ;  but  he  met  with  a 
considerable  variation  in  the  extremes,  which  seemed  to  depend  chiefly 
on  the  amount  of  fat  previously  accumulated  in  the  body ;  those  animals 
losing  most  weight,  in  which  the  fat  had  been  most  abundant,  which 
were  also  those  that  lived  the  longest.*  Taking  40  per  cent,  as  the 
mean,  M.  Chossat  obtained  the  following  curious  results,  as  regards 
the  relative  diminution  of  the  several  tissues  and  organs  of  the  body; 
those  which  lost  more  than  the  mean,  being  distinguished  from  those 
which  lost  less. 


Parts  which  lose  more  than  40  per  cent. 


Fat   93-3 

Blood   75-0 

Spleen   71 '4 

Pancreas   64*1 

Liver   52'0 

Heart   44-8 


Intestines  ........  42-4 

Muscles  of  locomotion  ....    42  "3 


Parts  which  lose  less  than  40  per  cent. 


Muscular  coat  of  stomach  .    .    .  39*7 

Pharynx  and  oesophagus  .    .    .  34*2 

Skin   33-3 

Kidneys   319 

Eespiratory  apparatus ....  22*2 

Osseous  system   16"7 

Eyes   10-0 

Nervous  system   1*9 


The  points  most  worthy  of  note  in  the  above  table,  are  the  almost  com- 
plete removal  of  the  fat,  and  the  reduction  of  the  blood  to  three-fourths 
its  normal  amount,  the  diminution,  as  has  since  been  shown  by  Valentin 

*  There  is  a  well-known  case  of  a  fat  pig,  which  was  huried  in  its  sty  for  160  Jays, 
under  thirty  feet  of  the  chalk  of  Dover  cliff;  and  which  was  dug  out  alive  at  the  end 
of  that  time,  reduced  in  weight  from  160  lbs.  to  40  lbs.,  or  no  less  than  75  per  cent. 
("Trans,  of  Linn.  Soc,"  vol.  xi.  p.  411).  This  extraordinary  prolongation  of  life  in 
this  case  may  he  attributed  to  the  retention  of  the  heat  of  the  body  by  the  non-con- 
ducting power  of  the  chalk,  and  to  the  retention  of  its  moisture  by  the  saturation  of 
the  air  in  its  immediate  vicinity,  and  restriction  of  its  movements. 
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md  Panum,  especially  affecting  the  albumen  of  the  serum  ;  whilst  the 
lervous  system  undergoes  scarcely  any  loss.    It  would  seem,  in  fact,  as 
f  the  supervention  of  death  was  coincident  with  the  consumption  of  all 
he  disposable  combustive  material ;  and  that  up  to  that  point,  the  whole 
•emaining  energy  of  nutrition  is  concentrated  upon  the  nervous  system, 
ind  it  will  be  shown  hereafter  that  there  is  adequate  ground  for  con- 
lidering  death  by  starvation  as  really  death  by  cold ;  since  the  tempe- 
ature  of  the  body  is  maintained  with  little  diminution  until  the  fat  is 
hus  consumed,  and  then  rapidly  falls,  unless  it  be  kept  up  by  heat  ex- 
ernally  applied. — As  might  be  expected  from  the  comparative  rapidity 
>f  interstitial  change  at  the  earlier  periods  of  life,  it  was  found  by  Chossat 
hat  the  diurnal  loss  was  much  the  most  rapid  in  young  animals,  and 
hat  the  duration  of  their  lives  when  deprived  of  food  was  consequently 
ar  less  than  that  of  adults.    He  further  ascertained  that  the  results  of 
nsufficient  alimentation  were  in  the  end  the  same  as  those  of  entire  de- 
rivation of  food ;  the  total  amount  of  loss  being  almost  exactly  identical, 
rat  its  rate  being  less,  so  that  a  longer  time  was  required  to  produce  it. 
Neither  he  nor  Scheffer*  found  that  much  influence  was  exerted  on  the 
uration  of  life,  by  permitting  or  withdrawing  the  supply  of  water ;  the 
itter  experimenter  found  that  in  a  dog  wholly  deprived  of  water  the 
dss  in  weight  of  the  different  organs  was  nearly  the  same  as  in  depriva- 
ion  of  solid  food,  with  the  exception  of  the  brain,  fat  and  glandular 
rgans,  which  were  not  materially  diminished.    All  the  tissues  became 
luch  drier ;  the  skin,  tendons,  muscles,  intestines,  and  blood,  contain - 
ng  from  4-11  per  cent,  more  solid  residue  than  in  health.    It  appears, 
owever,  that  in  Man  death  supervenes  much  earlier  when  liquid  as 
'"ell  as  solid  aliment  is  withheld;  and  the  indifference  observed  by 
'hossat  in  the  case  of  Birds  is  probably  due  to  the  fact,  that  they  ordi- 
arily  drink  very  sparingly,  and  eliminate  very  little  water  in  their 
arious  excretions.    The  experiments  of  Blundel  and  Panum  show  that 
le  life  of  a  dog  deprived  of  food  cannot  be  preserved  by  the  frequent 
"ansfusion  of  the  blood  of  other  healthy  dogs. 
76.  The  most  prominent  symptoms  of  Starvation,  as  they  have  been 
oted  in  the  Human  subject,  are  as  follows : — In  the  first  place,  severe 
ain  in  the  epigastrium,  which  is  relieved  on  pressure ;  this  subsides 
fter  a  day  or  two,  but  is  succeeded  by  a  feeling  of  weakness  and  '  sinking' 
i  the  same  region ;  and  an  insatiable  thirst  supervenes,  which,  if  water 
e  withheld,  thenceforth  becomes  the  most  distressing  symptom.  The 
•  ^untenance  becomes  pale  and  cadaverous;  the  eyes  acquire  a  peculiar 
rdd  and  glistening  stare ;  and  general  emaciation  soon  manifests  itself, 
'he  body  then  exhales  a  peculiar  foetor,  and  the  skin  is  covered  with  a 
rownish,  dirty-looking,  and  offensive  secretion.    The  bodily  strength 
ipidly  declines ;  the  sufferer  totters  in  walking,  his  voice  becomes  weak, 
■ad  he  is  incapable  of  the  least  exertion.    The  mental  powers  exhibit  a 
!  nular  prostration ;  at  first  there  is  usually  a  state  of  stupidity,  which 
j  radually  increases  to  imbecility,  so  that  it  is  difficult  to  induce  the  suf- 
fer to  make  any  effort  for  his  own  benefit;  and  on  this  a  state  of 
laniacal  delirium  frequently  supervenes.    Life  terminates  either  in  the 
iode  described  in  Chossat's  observations,  or,  as  occasionally  happens,  in 


*  Ludwig,  "  Physiologie,"  1861,  vol.  ii.  p.  683. 
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a  convulsive  paroxysm.* — On  post-mortem  examination,  the  condition 
of  the  body  is  found  to  be  such  as  the  results  of  Chossat's  observations 
would  indicate ;  namely,  extreme  general  emaciation  and  disappearance 
of  fat,  diminution  in  the  bulk  of  the  principal  viscera,  and  almost  com- 
plete bloodlessness,  save  in  the  brain,  which  still  receives  its  usual  supply. 
It  is  especially  worthy  of  note,  that  the  coats  of  the  small  intestines  are 
peculiarly  thinned,  so  that  they  become  almost  transparent ;  and  that  the 
gall-bladder  is  almost  invariably  turgid  with  bile,  the  cadaveric  exuda- 
tion of  which  tinges  the  surrounding  parts.  And  further,  the  body 
rapidly  passes  into  decomposition. 

77.  Now  it  is  peculiarly  worthy  of  note,  that  the  deficient  supply  of 
new  histogenetic  materials  appears  to  check  the  elimination  and  removal 
of  those  which  have  become  effete ;  for  in  no  other  way  can  we  account 
for  that  tendency  to  putrescence,  which  is  so  remarkably  manifested 
during  life  in  the  foetid  exhalation  and  in  the  peculiar  secretion  from 
the  skin,  and  which  is  shown  after  death  in  the  rapidity  with  which 
putrefaction  supervenes.  Moreover,  towards  the  close  of  many  ex- 
hausting diseases,  the  fatal  termination  of  which  is  really  due  to  a 
chronic  inanition,  it  frequently  happens  that  a  '  colliquative  diarrhoea' 
comes  on,  which  must  be  considered  as  a  manifestation  of  the  general 
disintegration  that  is  making  progress  eVen  during  life.  Now,  referring 
to  the  conditions  hereafter  to  be  enumerated,  as  those  which  favour  the 
operation  of  zymotic  poisons  in  the  body,  it  is  obvious  that  no  state 
could  be  more  liable  to  it  than  this ;  since  we  have  not  merely  that 
general  depression  of  the  vital  powers,  which  is  a  predisposing  cause  of 
almost  any  kind  of  malady,  and  pre-eminently  so  of  zymotic  diseases, 
but  also  the  presence  of  a  large  amount  of  disintegrating  matter  in  the 
blood  and  general  system,  which  forms  the  most  favourable  nidus  pos- 
sible for  the  reception  and  multiplication  of  such  poisons.  And  thus  it 
happens  that  pestilential  diseases  must  certainly  folloAv  in  the  Wake  of  a 
famine,  and  carry  off  a  far  greater  number  than  perish  from  actual 
starvation. 

78.  Another  class  of  phenomena,  however,  results  from  such  a  defi- 
ciency of  alimentation  as  is  not  adequate  to  produce  the  results  just 
described ;   provided  this  deficiency  be  prolonged  for  a  considerable 
length  of  time,  and  especially  if  it  be  conjoined  with  other  unfavour- 
able conditions.    Of  this,  a  remarkable  example  was  presented  at  the 
Millbank  Penitentiary  in  1823.    The  prisoners  confined  in  this  esta- 
blishment, who  had  previously  received  an  allowance  of  from  31  to  33 1 
ozs.  of  dry  nutriment  daily,  had  this  allowance  suddenly  reduced  to I 
21  ozs.,  animal  food  being  almost  entirely  excluded  from  the  diet  scale.  I 
They  were  at  the  same  time  subjected  to  a  low  grade  of  temperature,  I 
and  to  considerable  exertion ;  and  were  confined  within  the  walls  of  al 
prison  situated  in  the  midst  of  a  marsh  which  is  below  the  level  of  thel 
adjoining  river.    The  prison  had  been  previously  considered  healthy;! 
but  in  the  course  of  a  few  months,  the  health  of  a  large  proportion  ofj 
the  inmates  began  to  give  way.     The  first  symptoms  were  loss  off 
colour,  and  diminution  of  flesh  and  strength;  subsequently  diarrhoea,! 

*  See  Rostan  in  "Diction,  de  Medecine,"  art.  'Abstinence;'  and  Dr.  Donovan'sJ 
account  of  the  Irish  famine  of  1847  in  the  "  Dublin  Medical  Press,"  Feb.  1848;  at 
a  paper  by  Martin,  "  Med.  T.  and  Gaz.,"  April,  1861. 
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dysentery,  and  scurvy ;  and  lastly  adynamic  fevers,  or  headache,  ver- 
tigo, convulsions,  maniacal  delirium,  apoplexy,  &c.  The  smallest  loss 
of  blood  produced  syncope,  which  was  frequently  fatal;  and  after 
death,  ulceration  of  the  mucous  lining  of  the  alimentary  canal  was  very 
commonly  found.  Out  of  860  prisoners,  no  fewer  than  437,  or  52  per 
cent.,  were  thus  affected.  The  influence  of  concurrent  conditions,  espe- 
cially of  previous  confinement,  was  here  remarkably  shown ;  for  those 
i  were  found  to  be  most  liable  to  disease  who  had  been  in  prison  the 
longest.  That  the  reduction  of  the  allowance  of  food,  however,  was 
the  main  source  of  the  epidemic,  was  proved  by  the  two  following 
ihcts : — the  prisoners  employed  in  the  kitchen,  who  had  8  oz.  of  bread 
additional  per  day,  were  not  attacked,  except  three  who  had  only  been 
there  a  few  days ;  and  after  the  epidemic  had  spread  to  a  great  extent, 
it  was  found  that  the  addition  of  8  oz.  to  the  daily  allowance  of  vege- 
table food,  and  ^  oz.  to  the  animal,  greatly  facilitated  the  operation  of 
the  remedies  which  were  used  for  the  restoration  of  health.*  Very 
similar  observations  to  these  were  made  by  Dr.  Jones  "j"  on  the  prisoners 
confined  in  Camp  Sumpter,  one  of  the  Southern  prisons,  during  the  late 
American  civil  war.  The  prisoners  numbered  upwards  of  30,000,  and 
were  confined  in  a  space  of  27  acres,  with  little  or  no  shelter  from  the 
intense  heat  of  a  Southern  sun,  or  from  the  rain  and  dew,  with  festering 
masses  of  filth  at  the  very  doors  of  their  rude  dens  and  huts,  and  with 
the  greater  portion  of  the  banks  of  the  stream  flowing  through  the 
!  stockade,  a  filthy  quagmire  of  human  excrements  alive  with  maggots. 
The  diet  consisted  of  only  ^  lb.  bacon  and  1£  lb.  of  meal,  and  even  this 
was  sometimes  reduced.  As  a  consequence  of  exposure  to  these  condi- 
tions, in  less  than  seven  months  10,000  Federal  prisoners  died,  the 
chief  causes  of  this  frightful  mortality  being  diarrhoea,  dysentery, 
3curvy,  and  hospital  gangrene,  the  last  often  supervening  on  the 
slightest  scratch  of  the  surface,  or  even  on  the  bites  of  small  insects.  It 
is  curious  to  notice  that  contagious  fevers  were  rare,  and  typhus  un- 
known. Dr.  Jones  remarks,  in  full  confirmation  of  Chossat's  experi- 
ments on  birds,  that  whilst  large  numbers  of  the  Federal  prisoners  were 
utterly  disgusted  with  the  Indian  corn  supplied  to  them,  in  which,  for 
the  most  part,  the  husk  was  not  separated  from  the  meal,  yet  that  an 
i  argent  feeling  of  hunger  was  not  a  prominent  symptom,  and  that  even 
when  it  existed  at  first,  it  soon  disappeared,  the  muscular  strength  at 
the  same  time  becoming  rapidly  diminished,  the  tissues  wasted,  and  the 
mental  faculties  to  the  last  degree  lethargic. 

79.  It  is  a  curious  effect  of  insufficient  nutriment,  as  shown  by  the 
inquiries  of  Chossat  (Op.  cit.),  that  it  produces  an  incapability  of  digest- 
ing even  the  small  amount  consumed.  He  found  that  when  turtle- 
loves  were  supplied  with  limited  quantities  of  corn,  but  with  water  at 
i  discretion,  the  whole  amount  of  food  taken  was  scarcely  ever  actually 
digested;  a  part  of  it  being  rejected  by  vomiting,  or  passing  off  by 

'    *  See  Dr.  Latham  "  On  the  Diseases  in  the  Millbank  Penitentiary,1824.  A  similar 
ixample  of  the  effects  of  prolonged  insufficiency  of  diet  was  furnished  at  the  Maison 
Mntrale  of  Nimes,  for  a  highly  instructive  account  of  which  by  M.  Boileau-Castelnau, 
;        physician  to  the  '  Maison  Centrale,'  see  "  Ann.  d'Hygiene  Publ.,"  Janv. 

t  See  Dr.  Austin  Flint's  "Physiology  of  Man,"  vol.  ii.  p.  39,  1867. 
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diarrhoea,  or  accumulating  in  the  crop.  It  seems  as  if  the  vital  powers 
were  not  sufficient  to  furnish  the  requisite  supply  of  gastric  fluid,  when 
the  body  began  to  be  enfeebled  by  insufficient  nutrition ;  or  perhaps 
we  might  well  say,  the  materials  of  the  gastric  fluid  were  wanting. 
Hence  the  loathing  of  food,  which  is  often  manifested  by  those  who 
have  been  subjected  to  the  influence  of  an  insufficient  diet  scale  in  our 
prisons  and  poor-houses,  and  which  has  been  set  down  to  caprice  or 
obstinacy,  and  punished  accordingly,  may  be  actually  a  proof  of  the  de- 
ficiency of  the  supply  which  we  might  expect  to  have  been  voraciously 
devoured,  if  really  less  than  the  wants  of  the  system-  require. 

80.  It  is  extremely  important  that  the  Medical  Practitioner  should 
be  aware,  that  many  of  the  phenomena  above  described  may  be  induced 
by  the  adoption  of  a  system  of  too  rigid  abstinence  in  the  treatment  of 
various  diseases ;  and  that  they  have  been  frequently  confounded  with 
the  symptoms  of  the  malady  itself,  and  have  led  to  an  entirely  erroneous 
method  of  treating  it.    "  Many  cases,"  says  Dr.  Copland,*  "have  oc-j 
curred  to  me  in  practice,  where  the  antiphlogistic  regimen,  which  had 
been  too  rigidly  pursued,  was  itself  the  cause  of  the  very  symptoms  I 
which  it  was  employed  to  remove.    Of  these  symptoms,  the  affection  of 
the  head  and  delirium  are  the  most  remarkable,  and  the  most  readily 
mistaken  for  an  actual  disease  requiring  abstinence  for  its  removal." 
The  experience  of  those,  especially,  who  are  largely  engaged  in  consult- 
ing practice,  must  have  furnished  numerous  illustrations  of  the  above 
statement.     Dr.  Copland  mentions  the  following: — "A  professional 
man  had  been  seized  with  fever,  for  which  a  too  rigid  abstinence  was  I 
enforced,  not  only  during  its  continuance,  but  also  during  convalescence.] 
Delirium  had  been  present  at  the  height  of  the  fever,  and  recurredl 
when  the  patient  was  convalescent.    A  physician  of  eminence  in  ma-| 
niacal  cases  was  called  to  him,  and  recommended  that  he  should  be  re^l 
moved  to  a  private  asylum.    Before  this  was  carried  into  effect,  I  w&l 
requested  to  see  him.  A  different  treatment  and  regimen,  with  a  graduall 
increase  of  nourishment,  were  adopted,  and  he  was  well  in  a  few  days,! 
and  within  a  fortnight  returned  to  his  professional  avocations." 

81.  The  time  during  which  life  can  be  supported  under  entire  absti-| 
nence  from  food  or  drink,  is  usually  stated  to  vary  from  eight  to  ten! 
days  the  period  may  be  greatly  prolonged,  however,  by  the  occa-l 
sional  use  of  water,  and  still  more  by  a  very  small  supply  of  food :  orJ 
even,  it  would  seem,  by  a  moist  condition  of  the  surrounding  atmo-l 
sphere,  which  obstructs  the  exhalation  of  liquid  from  the  body.  Thus* 
Foder6  mentions  that  some  workmen  were  extricated  alive,  after  four-I 
teen  days'  confinement  in  a  cold  damp  vault,  in  which  they  had  beeni 
buried  under  a  ruin.  Dr.  Sloan  has  given  an  accountj  of  the  case  of  aj 
healthy  man  ast.  65,  who  was  found  alive  after  having  been  shut  up  u 
a  coal-mine  for  twenty-three  days,  during  the  first  ten  of  which  he  wa 
able  to  procure  and  swallow  a  small  quantity  of  foul  water ;  he  was  n 

*  "Dictionary  of  Practical  Medicine,"  vol.  i.  p.  26. 

+  There  seems  adequate  evidence,  that  a  state  which  may  be  characterized  as  on 
of  Syncope, — the  animal  functions  being  entirely  suspended,  and  the  organic  function 
being  reduced  to  an  extremely  low  ebb, — may  be  prolonged  for  many  days,  or  eve 
weeks,  provided  the  temperature  of  the  body  be  not  too  much  reduced.  This  class  o 
facts  however,  will  be  more  appropriately  considered  hereafter  (chap.  xxi.). 

X  '"Medical' Gazette,"  vol.  xvii.  p.  389. 
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i  state  of  extreme  exhaustion,  and  died  three  days  afterwards,  notwith- 
standing the  attempts  made  to  recover  him.  It  would  seem  as  if  certain 
londitions  of  the  nervous  system,  especially  those  attended  with  peculiar 
tional  excitement,  are  favourable  to  the  prolongation  of  life  under 
uch  circumstances.    Thus,  in  a  case  recorded  by  Dr.  Willan,  of  a 
oung  gentleman  who  starved  himself  under  the  influence  of  a  religious 
lelusion,  life  was  prolonged  for  sixty  days ;  during  the  whole  of  which 
ie,  nothing  else  was  taken  than  a  little  orange-juice.    In  a  somewhat 
iinilar  case  which  occurred  under  the  Author's  notice,  in  the  person  of 
young  French  lady,  more  than  fifteen  days  elapsed  between  the  time 
hat  she  ceased  to  eat  regularly,  and  the  time  of  her  being  compelled  to 
eceive  nourishment ;  during  this  period  she  took  a  good  deal  of  exercise, 
nd  her  strength  seemed  to  suffer  but  little,  although  she  swallowed 
olid  food  only  once,  and  then  in  small  quantity.    Again,  in  certain 
tates  of  the  system  commonly  known  as  '  hysterical,'  there  is  fre- 
uently  a  very  remarkable  disposition  for  abstinence,  and  power  of  sus- 
aining  it.    It  may  be  well  to  remark  that,  under  such  circumstances, 
be  continual  persuasions  of  anxious  friends  are  very  injurious  to  the 
atient,  whose  return  to  her  usual  state  will  probably  take  place  the 
arlier,  the  more  completely  she  is  left  to  herself. 

3.  Movements  of  the  Alimentary  Canal. 

82.  The  motions  by  which  Food  is  conveyed  to  the  Mouth  and  intro- 
uced  into  its  cavity,  constituting  the  acts  of  Prehension  and  Ingestion, 
ce  ordinarily  considered  to  be  voluntary,  at  least  in  the  adult ;  and  it  is 
■  dubitable  that  the  Will  has  entire  control  over  them.  Nevertheless, 
ley  belong  to  the  class  of  '  secondarily  automatic'  movements ;  and  like 
iose  of  locomotion,  may  be  kept-up  when  the  will  is  in  abeyance,  by 

•ie  suggesting  and  guiding  influence  of  sensations,  thus  being  performed 
ider  the  same  essential  conditions  as  the  purely  1  consensual'  or  '  sen- 
'ri-motor'  actions.*     The  necessity  of  'guiding  sensations'  for  their 
^.rformance  is  made  evident  by  one  of  Sir  C.  Bell's  experiments,  the 
rong  interpretation  of  whose  results  originally  led  him  to  an  erroneous 
ew  of  the  functions  of  the  Fifth  pair  of  nerves.    He  found  that  an  Ass, 
which  the  infra-orbital  branch  of  this  nerve  had  been  divided,  made 
L)  attempt  to  pick-up  oats  with  its  lip,  although  the  animal  saw  them, 
:nt-down  its  head  with  the  obvious  purpose  of  ingesting  them,  and 
'ought  its  lip  into  absolute  contact  with  them  ;  hence  he  concluded  that 
e  power  of  motion  was  destroyed  in  the  lip,  when  it  was  in  reality  only 
i  e  guiding  sensation  that  was  deficient,  the  motor  power  being  supplied 
|  /  the  Facial  nerve  or  Portio  dura. 

83.  The  food  thus  introduced  into  the  mouth,  is  subjected  (unless  it 
already  in  a  state  which  needs  no  further  reduction)  to  the  process  of 

*  Tliis,  the  Author  thinks,  will  be  conformable  to  the  experience  of  most  of  his 
•were;  who  will  find,  if  they  analyze  their  own  consciousness,  that  they  continue  to 
t  while  their  whole  attention  is  given  to  some  abstract  train  of  thought,  or  to  some 
'  ternal  object.    But  a  remarkable  case  has  been  placed  on  record  by  Mr.  Dunn 
Lancet,"  Nov.  15  and  29,  1845),  which  fully  confirms  the  view  here  advanced  ; 
1 3  movements,  not  merely  of  the  lips  and  jaws,  but  those  by  which  food  was  con- 
yed  to  the  mouth,  having  been  carried  on  automatically,  when  once  (so  to  speak) 
i  spring  was  touched  by  which  they  were  set  in  action. ' 

H  2 
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Mastication.  This  is  evidently  an  operation  of  great  importance,  in  pre-1 
paring  the  substances  to  be  afterwards  operated-on  for  the  action  of  theiifi 
solvent ;  and  it  exactly  corresponds  with  the  trituration  to  Avhich  thm 
Chemist  would  submit  any  solid  matter,  that  he  might  present  it  in  thm 
most  advantageous  form  to  a  digestive  menstruum.  The  complete  disin-B 
tegration  of  the  alimentary  matter  is,  therefore,  of  great  consequence  M 
and,  if  imperfectly  effected,  the  subsequent  processes  are  liable  to  de-al 
rangement.    Such  derangement  we  continually  meet  with  ;  for  there  in 
not,  perhaps,  a  more  frequent  source  of  Dyspepsia  than  imperfect  masti-B 
cation,  whether  resulting  from  the  haste  with  which  food  is  swallowedH 
or  from  the  want  of  the  instruments  proper  for  the  reducing  operation* 
The  mechanical  disintegration  of  the  food  is  manifestly  aided  by  Insali-H 
vation ;  but  the  admixture  of  Saliva  also  exerts,  as  we  shall  hereafter 
see,  a  very  marked  influence  on  the  chemical  composition  of  certain  ofl 
its  constituents. — The  movements  of  Mastication,  still  more  than  thosaU 
already  adverted-to,  although  under  the  complete  control  of  the  Willff  I 
and  originally  dependent  upon  it  for  their  excitation,  come  at  last  to  bJi 
of  so  habitual  a  character,  that  they  continue  when  the  direct  influencfl 
of  the  will  is  withdrawn,  the  influence  of  the  guiding  '  sensation,'  howB 
ever,  being  essential  to  their  performance.    Every  one  is  conscious  thafl 
the  act  of  mastication  may  be  performed  as  well,  when  the  mind  is  atfl 
tentively  dwelling  on  some  other  object,  as  when  directed  to  it ;  but,  iijtj 
the  former  case,  we  are  rather  apt  to  go  on  chewing  and  rechewing  whaH 
is  already  fit  to  be  swallowed,  simply  because  the  will  does  not  exert  itfl 
self  to  check  the  action,  and  to  carry  the  food  backwards  Avithin  the  reacm 
of  the  muscles  of  deglutition.  This  conveyance  of  food  backwards  to  thfl 
fauces,  is  a  distinctly  voluntary  act ;  and  it  is  necessary  that  it  should  bf| 
guided  by  the  sensation,  which  there  results  from  the  contact  it  induce*! 
If  the  surface  of  the  pharynx  were  as  destitute  of  sensation,  as  is  thil 
lower  part  of  the  oesophagus,  we  should  not  know  when  we  had  don«| 
what  was  necessary  to  excite  its  muscles  to  operation. — The  muscles  conlj 
cerned  in  the  Mastication  of  food  are  nearly  all  supplied  by  the  thir*! 
branch  of  the  Fifth  pair,  which  is  well  known  to  be  a  nerve  of  rnixeifl 
endowments.    Many  of  these  muscles,  especially  those  of  the  cheeks,  aril 
also  supplied  by  the  Facial  nerve ;  and  yet,  if  the  former  be  paralyzecll 
the  latter  cannot  stimulate  them  to  the  necessary  combined  actional 
Hence  we  see  that  the  movements  are  of  an  associated  character,  their  J 
due  performance  being  dependenl  on  the  part  of  the  nervous  centres! 
from  which  the  motor  influence  originates.    If  the  Fifth  pair,  on  thil 
other  hand,  be  uninjured,  whilst  the  Portio  dura  is  paralyzed,  the  movel  I 
ments  of  mastication  are  performed  without  difficulty ;  whilst  those  conj  I 
nected  in  any  way  with  the  Respiratory  function,  or- with  Expression,  aril 
paralyzed.    If,  again,  the  sensory  portion  of  the  Fifth  pair  be  paralyzed  I 
the  act  of  Mastication  is  very  imperfectly  performed,  even  though  thl  j 
motor  power  be  not  in  the  least  impaired ;  for  the  muscles  cannot  b  I 
made  to  perform  the  requisite  associated  movements  without  the  guidanc  I 
of  sensations ;  so  that  the  morsel  lodges  between  the  teeth  and  the  cheek 
or  beneath  the  tongue,  and  can  with  difficulty  be  kept  in  the  appropriat  I 

position.  .  ' 

84.  When  the  reduction  of  the  food  in  the  mouth  has  been  sufficient! 
accomplished,  it  is  carried  into  the  Pharynx,  and  is  thence  propelled  dow 
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,he  (Esophagus  into  the  stomach,  by  a  set  of  associated  movements,  which 
<taken  together,  constitute  the  act  of  Deglutition.   These  movements  were 
irst  described  in  detail  by  Magendie ;  but  his  account  requires  some 
modification,  through  the  more  recent  observations  of  Dzondi,*  Budge,f 
Ridder,J  Czermak,§  Schuh,|j  and  Moura.f    The  first  stage  in  the  process 
lis  the  carrying  back  of  the  food  until  it  has  passed  the  anterior  palatine 
i  rch  ;  this  is  effected  by  the  contraction  of  the  mylo-hyoid,  and  of  the  lon- 
gitudinal and  transverse  muscles  of  the  tongue,  which  together  render  the 
ongue  shorter  and  thicker,  pressing  it  against  the.  roof  of  the  mouth, 
whilst  the  stylo-glossi  draw  it  somewhat  backward :  these  movements  are 
purely  voluntary.    The  second  act  now  commences,  during  which  the 
nentrance  of  food  into  the  nasal  cavities  and  trachea  is  most  jealously 
ruarded  against,  by  certain  reflex  actions  which  have  only  been  clearly 
ecognised  since  the  introduction  of  the  laryngoscope  by  Czermak. 
Hiring  this  act  the  tongue  is  carried  still  farther  backwards,  the  larynx 
ises,  its  orifice  being  covered  by  the  epiglottis,  which  is  at  the  same  time 
somewhat  depressed,  and  placed  horizontally,  so  that  its  upper  border 
ouches  the  posterior  wall  of  the  pharynx.    The  cushion  at  the  base  of 
he  epiglottis  becomes  applied  to  the  arytenoid  cartilages,  and  the  vocal 
words,  both  true  and  false,  are  closely  approximated ;  a  triple  protection 
:igainst  the  entrance  of  the  food  into  the  trachea  being  thus  afforded. 
Joincidently  with  these  movements,  the  lower  border  of  the  velum  palati 
becomes  applied  to  the  walls  of  the  pharynx,  and  the  muscles  of 
ike  posterior  palatine  arch  contract  in  such  a  manner,  as  to  cause  the 
i  ides  of  the  arch  to  approach  each  other  like  a  pair  of  curtains,  so  that 
he  passage  from  the  fauces  into  the  posterior  nares  is  nearly  closed  by 
hem ;  and  to  the  cleft  between  the  approximated  sides,  the  uvula  is 
?  pplied  like  a  valve.    A  sort  of  inclined  plane,  directed  obliquely  down- 
wards and  backwards,  is  thus  formed ;  and  the  morsel  slides  along  it 
nto  the  pharynx,  which  is  brought-up  to  receive  it.    Though  some  of 
hese  acts  may  be  performed  voluntarily,  the  combination  of  the  whole 
i  automatic.**  The  third  stage  of  the  process,  the  propulsion  of  the  food 
own  the  oesophagus,  then  commences.    This  is  accomplished,  in  the 
ipper  part,  by  means  of  the  constrictors  of  the  pharynx ;  and  in  the 
ower,  by  the  muscular  coat  of  the  oesophagus  itself.    When  the  morsels 
-re  small,  and  are  mixed  with  much  fluid,  the  undulating  movements 
om-above-downwards  succeed  each  other  very  rapidly,  as  may  be  well 

*  See  Prof.  Miiller's  "Elements  of  Physiology"  (translated  by  Dr.  Baly),  p.  501. 
t  "  Phys.,"  1860,  p.  157.  %  "Neue  Beobachtungen,"  Dorpat,  1838. 

}  "The  Laryngoscope,"  New  Syd.  Soc.  Translation,  1861,  vol.  xi. 
||  "On  the  Laryngoscope,"  Canstatt,  1858. 
IT  Robin,  "Journal  de  1'Anatomie,"  1867,  p.  157. 

**  The  observations  of  Schuh  (Canstatt,  1858)  upon  the  movements  of  the  soft 
alate  during  deglutition  seem  to  show  that  this  part  is  somewhat  more  active  during 
ie  second  stage  than  it  was  described  to  be  by  Dzondi.  He  had  an  opportunity  of 
oscrving  them  in  a  woman,  the  left  side  of  whose  face  had  been  removed  by  an  ope- 
ition.  When  the  patient  drank,  the  soft  palate  raised  itself  above  the  horizontal 
ne,  as  soon  as  the  glass  was  approximated  to  her  lips.  It  remained  in  this  position 
bust  the  fluid  was  being  sucked  in ;  but  as  soon  as  swallowing  commenced  it  very 
lddenly  descended,  so  as  to  press  the  fluid  into  the  oesophagus.  It  then  again  ele- 
cted itself  with  even  greater  tension,  and  again  descended.  In  swallowing  solid 
•od  the  same  sudden  ascent  and  descent  of  the  velum  upon  the  deglutition  of  each 
lOrsel  was  observable. 
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observed  in  Horses  whilst  drinking;  large  morsels,  however,  are  fre- 
quently some  time  in  making  their  way  down.  Each  portion  of  food 
and  drink  is  included  in  the  contractile  walls,  which  are  closely  applied 
to  it  during  the  whole  of  its  transit.  The  gurgling  sound,  which  is  ob- 
served when  drink  is  poured  down  the  throat  of  a  person  in  articulo 
mortis,  is  due  to  the  want  of  this  contraction.  The  whole  of  the  third 
stage  is  completely  involuntary. — In  order  to  ascertain  the  parts  impli- 
cated in  the  deglutition  of  liquids,  Dr.  Moura  employed  the  laryngo- 
scope after  ink  had  -  been  swallowed,  and  found  that  the  parts  tinted 
were  the  whole  internal  surface  of  the  mouth,  the  velum  palati,  uvula, 
pillars  of  the  fauces,  anterior  surface  of  the  epiglottis  and  the  pharynx 
generally,  with  the  posterior  surfaces  of  the  cricoid  and  arytenoid  carti- 
lages. On  the  contrary,  the  parts  that  preserved  their  natural  colour 
were  the  interior  of  the  larynx  to  within  a  very  short  distance  of  the 
free  edge  of  the  epiglottis  and  the  anterior  portion  of  the  lateral  grooves 
of  the  fauces.  At  the  point  where  the  oesophagus  enters  the  stomach, 
the  '  cardiac  orifice'  of  the  latter,  there  is  a  sort  of  sphincter,  which  is 
usually  closed,  but  which  opens  when  sufficient  pressure  is  made  on  it 
by  accumulated  food,  closing  again,  when  this  has  passed,  so  as  to  retain 
it  in  the  stomach. 

85.  The  purely  automatic  nature  of  the  act  of  Deglutition  is  shown  by 
the  fact,  that  no  attempt  on  our  part  will  succeed  in  performing  it 
really  voluntarily.  In  order  to  excite  it,  we  must  apply  some  stimulus 
to  the  fauces.  A  very  small  particle  of  solid  matter,  or  a  little  fluid 
(saliva,  for  instance),  or  the  contact  of  the  back  of  the  tongue  itself,  will 
be  sufficient ;  but  without  either  of  these,  we  cannot  swallow  at  will.  Nor 
can  we  restrain  the  tendency,  when  it  is  thus  excited  by  a  stimulus ; 
every  one  knows  how  irresistible  it  is,  when  the  fauces  are  touched  in 
any  unusual  manner ;  and  it  is  equally  beyond  the  direct  control  of  the 
will,  in  the  ordinary  process  of  eating, — voluntary  as  we  commonly 
regard  this.  Moreover,  this  action  is  performed,  like  that  of  respiration, 
when  the  power  of  the  will  is  suspended,  as  in  profound  sleep,  or  in 
apoplexy  affecting  only  the  brain  ;  and  it  does  not  seem  to  be  at  all 
affected  by  the  entire  removal  of  the  brain,  in  an  animal  that  can  sustain 
the  shock  of  the  operation  ;  being  readily  excitable,  on  stimulating  the 
fauces,  so  long  as  the  nervous  structure  retains  its  functions.  This  was 
experimentally  proved  by  Dr.  M.  Hall;  and  it  harmonizes  with  the 
natural  experiment  sometimes  brought  under  our  notice  in  the  case  of 
an  anencephalous  infant,  in  which  the  power  of  swaUoAving  seems  as 
vigorous  as  in  the  perfect  one.  But,  if  the  1  nervous  circle'  be  destroyed, 
either  by  division  of  the  trunks,  or  by  injury  of  any  kind  to  the  portion 
of  the  nervous  centres  connected  with  them,  the  action  can  no  longer 
be  performed  ;  and  thus  we  see  that,  when  the  effects  of  apoplexy  are 
extending  themselves  from  the  brain  to  the  spinal  cord,  whilst  the  respi- 
ration becomes  stertorous,  the  power  of  Deglutition  is  lost,  and  then 
respiration  also  speedily  ceases. 

86.  Our  knowledge  of  the  nerves  specially  concerned  in  this  action,  is 
principally  due  to  the  very  careful  and  well-conducted  experiments  of 
Dr.  J.  Reid,*  which  have  been  fully  corroborated  by  the  more  recent 

*  "Edin.  Med.  and  Surg.  Journ.,"  vol.  xlix.;  and  "  Physiological,  Anatomical, 
and  Pathological  Researches,"  chap.  iv. 


MOVEMENTS  OF  THE  ALIMENTARY  CANAL  DEGLUTITION.  103 


observations  of  MM.  Vulpian*  and  Jolyet.  From  a  careful  examination 
of  the  actions  of  deglutition,  and  of  the  influence  of  various  nerves  upon 
them,  Dr.  Eeid  drew  the  following  conclusions  : — The  excitor  impressions 
are  conveyed  to  the  Medulla  Oblongata  chiefly  through  the  Glosso- 
pharyngeal, but  also  along  the  branches  of  the  Fifth  pair  distributed 
upon  the  fauces,  and  probably  along  the  superior  laryngeal  branches  of 
the  Pneumogastric  distributed  upon  the  pharynx.  The  motor  influence 
passes  chiefly  along  the  pharyngeal  branches  of  the  Pneumogastric, 
which  are  probably  originally  derived  from  the  Spinal  Accessory ;  along 
the  branches  of  the  Hypoglossal,  distributed  to  the  muscles  of  the 
tongue,  and  to  the  sterno-hyoid,  sterno-thyroid,  and  thyro-hyoid 
muscles  ;  along  the  motor  filaments  of  the  Eecurrent  laryngeals  ;  through 
some  of  the  branches  of  the  Fifth,  supplying  the  elevator  muscles  of  the 
lower  jaw ;  along  the  branches  of  the  Facial,  ramifying  upon  the  digas- 
tric and  stylo-hyoid  muscles  and  upon  those  of  the  lower  part  of  the 
face  ;  and  probably  along  some  of  the  branches  of  the  Cervical  plexus, 
which  unite  themselves  to  the  descendens  noni.  It  was  further  observed 
by  Dr.  Eeid,  that  the  stylo-pharyngeus  muscle  is  usually  thrown  into 
contraction,  when  the  roots  of  the  Glosso-pharyngeal  nerve  are  irritated ; 
and  as  this  has  been  also  noticed  by  Mayo,  Volkmann,  and  others,  we 
are  probably  to  consider  the  Glosso-pharyngeal  a  motor  nerve,  in  so 
far  as  that  muscle  is  concerned."]" 

87.  When  the  food  has  been  propelled  downwards  by  the  Pharyngeal 
muscles,  so  far  as  their  action  extends,  its  further  progress  through  the 
(Esophagus  is  effected  by  a  kind  of  peristaltic  contraction  of  the  muscular 
coat  of  the  tube  itself.  This  movement  is  not,  however,  due  only  to  the 
direct  stimulus  of  the  muscular  fibre  by  the  pressure  of  the  food,  as  it 
seems  to  be  in  the  lower  part  of  the  alimentary  canal ;  for  Dr.  J.  Eeid 
aas  found,  by  repeated  experiment,  that  the  continuity  of  the  oesophageal 
branches  of  the  Pneumogastric  with  the  Medulla  Oblongata  is  necessary 
for  the  rapid  propulsion  of  the  food ;  so  that  it  can  scarcely  be  doubted, 
-hat  an  impression  made  upon  the  mucous  surface  of  the  oesophagus,  con- 
veyed by  the  afferent  fibres  of  these  nerves  to  their  ganglionic  centre, 
and  reflected  downwards  along  the  motor  fibres,  is  the  real  cause  of  the 
muscular  contraction.  If  the  Pneumogastric  be  divided  in  the  rabbit, 
3n  each  side,  above  the  oesophageal  plexus,  but  below  the  pharyngeal 
branches,  and  the  animal  be  then  fed,  it  is  found  that  the  food  is  delayed 
n  the  oesophagus,  from  spasmodic  contraction  of  the  cardiac  sphincter, 
which  becomes  greatly  distended.  Further,  if  the  lower  extremity  of 
;ne  Pneumogastric  be  irritated,  distinct  contractions  are  seen  in  the 
Esophageal  tube,  proceeding  from  above  downwards,  and  extending  over 
;he  cardiac  extremity  of  the  stomach. — We  have  here,  then,  a  distinct 
>ase  of  reflex  action,  without  sensation,  occurring  as  one  of  the  regular 
issociated  movements  in  the  natural  condition  of  the  animal  body ;  and  it 
s  very  interesting  to  find  this  following  upon  a  reflex  action  ivith  sensa- 
tion (that  of  the  pharynx),  and  preceding  a  movement  which  is  but 
ihghtly  connected  with  the  Spinal  Cord  (that  of  the  lower  part  of  the 

*  "Revue  de  Cours  Scientifiques,"  1866,  t.  iii.  p.  754. 

t  Op.  cit.,  pp.  258-260. — It  seems  not  improbable  that  the  discrepant  results  ob- 
•aineu  by  different  experimenters  on  this  point,  are  partly  to  be  explained  by  differences 
n  the  distribution  of  the  nerves  in  the  several  species  of  animals  operated-on. 
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alimentary  canal).  The  use  of  sensation  in  the  former  case  has  been 
already  shown.  The  muscular  fibres  of  the  (Esophagus  are  also  excit- 
able, though  usually  in  a  less  degree,  by  direct  stimulation;  for  it  appears 
that,  in  some  animals  (the  Dog,  for  example),  section  of  the  pneumogas- 
tric  does  not  produce  that  check  to  the  propulsion  of  the  food,  which  it 
occasions  in  the  Rabbit ;  and  even  in  the  Rabbit,  as  Dr.  M.  Hall  has  re- 
marked,* the  simple  contractility  of  the  muscular  fibre  occasions  a  dis- 
tinct peristaltic  movement  along  the  tube,  after  its  nerves  have  been 
divided ;  causing  it  to  discharge  its  contents  when  cut  across.  Such  a 
movement,  indeed,  seems  to  take  place  in  something  of  a  rhythmical 
manner  (that  is,  at  short  and  tolerably  regular  intervals,)  whilst  a  meal 
is  being  swallowed ;  but  as  the  stomach  becomes  full,  the  intervals  are 
longer,  and  the  wave-like  contractions  less  frequent.  The  reopening  of 
the  cardiac  orifice,  on  pressure  from  within  (which  is  usually  resisted  by 
the  sphincter,  as  in  the  acts  of  defalcation,  parturition,  &c),  is  one  of  the 
first  of  that  sei-ies  of  reversed  actions  which  constitutes  the  act  of  Vomit- 
ing ;  and  this  is  accompanied  by  a  reversed  peristaltic  action  of  the  oeso- 
phagus. The  independence  of  these  actions,  one  of  another,  and  their 
relation  to  a  common  cause,  is  remarkably  shown  by  the  fact,  that  when 
vomiting  takes  place  as  a  consequence  of  the  injection  of  tartar-emetic 
into  the  veins,  the  reversed  peristaltic  action  of  the  oesophagus  is  per- 
formed even  after  its  separation  from  the  stomach. 

88.  The  food  which,  thus  propelled  along  the  oesophagus,  enters  the 
Stomach  through  its  cardiac  orifice  in  successive  waves,  is  immediately 
subjected  to  a  peculiar  peristaltic  movement,  which  has  for  its  object  to  I 
produce  the  thorough  intermixture  of  the  gastric  fluid  with  the  alimen-  I 
tary  mass,  and  to  separate  the  portion  which  has  been  sufficiently  reduced,  I 
from  the  remainder.    The  fasciculi  composing  the  muscular  wall  of  the  ; 
Human  stomach  have  recently  been  shown  by  Dr.  J.  B.  Pettigrewf  to 
be  so  disposed  as  to  form  long  spirals  or  figure-of-eight  loops,  of  which 
fjhe  most  external  and  most  internal  fibres  are  nearly  longitudinal,  whilst 
those  more  centrally  situated  are  nearly  circular.    The  contraction  of 
these  fibres  lessens  the  diameter  of  the  stomach  in  every  direction ;  and  I 
whilst  the  cavity  is  empty,  they  are  uniformly  contracted,  so  as  to  reduce 
the  organ  to  its  smallest  dimensions.  "When  food  is  introduced,  the  con-  I1 
traction  of  the  parietes  as  a  whole  still  continues,  to  such  a  degree  as  to  i 
make  them  closely  apply  themselves  to  its  surface ;  but  the  contraction 
of  the  individual  fasciculi  alternates  with  relaxation,  in  such  a  manner 
as  to  induce  a  great  variety  of  motions  in  this  organ,  sometimes  trans- 
versely, and  at  other  times  longitudinally.    "These  motions,"  remarks 
Dr.  Beaumont,  who  has  enjoyed  a  peculiar  opportunity  of  observing 
them, |  "  not  only  produce  a  constant  disturbance  or  churning  qf  the  con- 
tents of  the  stomach,  but  they  compel  them  at  the  same  time  to  revolve 
about  the  interior  from  point  to  point,  and  from  one  extremity  to  the 
other."    In  addition  to  these  movements,  there  is  a  constant  agitation  o 

*  "  Third  Memoir  on  the  Nervous  System,"  §  201. 
t  "Proceed,  of  the  Roy.  Soc,"  Lond.  June  20,  1867. 

X  Soe  the  "  Case  of  Alexis  St.  Martin,  with  Observations  and  Experiments  by  Dr. 
Beaumont,"  republished  in  this  country  by  Dr.  Andrew  Combe.—  This  patient  had* 
large  fistulous  orifice  in  his  stomach,  remaining  after  a  wound  which  hud  laid-open  tn 
cavity;  but  his  general  health  had  been  completely  restored. 
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lie  stomach,  produced  by  the  respiratory  muscles.  The  nature  of  these, 
ad  indeed  of  all  peristaltic  movements,  has  been  stated  by  Dr.  Brinton* 
)  resemble  very  closely  those  produced  by  the  descent  of  a  perforated 
iston  in  a  closed  tube  containing  fluid,  for  here  there  would  be  peri- 
ral  currents  passing  in  the  same  direction  as  the  piston,  and  a  central 
urrent  hWing  in  the  opposite  direction,  through  the  perforation  in  the 
iston.  The  direction  which  the  particles  of  food  take,  as  described  by 
)r.  Beaumont,  corresponds  very  fairly  with  this  view.  He  says  : — 
The  bolus  as  it  enters  the  cardia,  turns  to  the  left,  passes  the  aperture, 
escends  into  the  splenic  extremity,  and  follows  the  great  curvature  to- 
wards the  pyloric  end.  It  then  returns,  in  the  course  of  the  smaller 
urvature  (or  as  Dr.  Brinton  supposes,  through  the  axis  of  the  stomach), 
nd  makes  its  appearance  again  at  the  aperture  in  its  descent  into  the 
Teat  curvature,  to  perform  similar  revolutions.  These  revolutions  are 
ompleted  in  from  one  to  three  minutes.  They  are  probably  induced, 
a  a  great  measure,  by  the  circular  or  transverse  muscles  of  the  stomach. 
Chey  are  slower  at  first,  than  after  chymification  has  considerably  ad- 
anced;"  at  which  time  also  there  is  an  increased  impulse  towards  the 
tylorus.  It  is  probable  that,  from  the  very  commencement  of  chymifi- 
ation,  until  the  organ  becomes  empty,  portions  of  chyme  are  continually 
iassing  into  the  duodenum ;  for  the  bulk  of  the  alimentary  mass  pro- 
Tessively  diminishes,  and  this  the  more  rapidly  as  the  process  is  nearer 
cs  completion.  The  accelerated  expulsion  appears  to  be  effected  by  a 
leculiar  action  of  the  transverse  muscles ;  and  especially  of  that  portion 
f  them,  which  surrounds  the  st  omach  at  about  four  inches  from  its 
lyloric  extremity.  This  band  is  so  forcibly  contracted  at  the  latter  part 
f  the  digestive  process,  that  it  almost  separates  the  two  portions  of  the 
tomach  into  a  sort  of  hour-glass  form;  and  Dr.  Beaumont  states  that,  when 
ie  attempted  to  introduce  a  long  thermometer-tube  into  the  pyloric  por- 
ion  of  the  stomach,  the  bulb  was  at  first  gently  resisted,  then  allowed 
o  pass,  and  then  grasped  by  the  muscular  parietes  beyond,  so  as  to  be 
'rawn-in :  whence  it  appears  that  the  contraction  has  for  its  object,  to 
•esist  the  passage  of  solid  bodies  into  the  pyloric  extremity  of  the  stomach, 
it  this  stage  of  digestion,  whilst  the  matter  which  has  been  reduced  to  the 
luid  form  is  pumped-away  (as  it  were)  by  the  action  of  that  portion  of 
he  viscus.  These  peculiar  motions  continue,  until  the  stomach  is  per- 
ectly  empty,  and  not  a  particle  of  food  or  of  chyme  remains  :  and  when 
hey  are  nearly  brought  to  a  close,  the  contraction  of  the  pyloric  orifice 
Jso  gives-way,  to  an  extent  sufficient  to  allow  not  only  the  undigested 
'esidue  of  the  food,  but  also  large  solid  bodies  that  may  have  been  swal- 
owed  (such  as  coins  and  the  like),  to  pass  into  the  intestinal  canal. 
^  89.  With  regard  to  the  degree  in  which  these  movements  of  the 
stomach,  whose  share  in  the  Digestive  operation  is  so  important,  are  de- 
indent  upon  the  Spinal  cord,  and  are  consequently  of  a  'reflex'  nature, 
t  is  difficult  to  speak  with  certainty,  owing  to  the  contradictory  results 
)btained  by  different  experimenters.  These  contradictions,  however, 
■eern  partly  due  to  a  diversity  in  the  nature  of  the  animals  experirnented- 
) n,  and  partly  to  a  difference  in  the  stage  of  the  digestive  process  at 
-vhich  the  observations  were  made.    It  seems  to  be  well  established  by 

*  "Cyclop.  Anat.  and Thys."  vol.  v.  pp.  1313  and  :J45. 
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the  researches  of  Reid,  Valentin,  and  others,*  that  distinct  movements 
may  be  excited  in  the  stomach  of  the  Rabbit,  if  distended  with  food,  by 
irritating  the  Pneumogastric  soon  after  the  death  of  the  animal ;  these 
movements  appear  to  commence  from  the  cardiac  orifice,  and  then  to 
spread  themselves  in  a  sort  of  peristaltic  manner  along  the  walls  of  the 
stomach :  but  no  such  movements  can  be  excited  if  the  stomach  be  empty. 
When  the  Pneumogastrics  are  divided  in  the  neck,  the  cardiac  orifice  of 
the  stomach  becomes  spasmodically  contracted^ — a  condition  which,  after 
lasting  for  about  thirty- six  hours,  generally  passes  off.  If  previously  to 
that  period  the  animal  be  allowed  to  eat,  the  food  accumulates  in  the 
lower  part  of  the  oesophagus,  and  death  results  from  suffocation.  The 
contraction  of  the  cardiac  sphincter  appears,  therefore,  to  be  induced  by 
other  nerves  than  the  Pneumogastric ;  but  there  is  abundant  evidence  to 
show  that  all  the  ordinary  movements  of  the  stomach  are  governed  by 
the  Pneumogastrics,  or  rather,  as  Schiff  has  shown,  by  the  fibres  of  the 
Spinal  Accessory  coursing  in  the  Pneumogastrics,  since  if  these  be  di- 
vided, complete  paralysis  of  the  muscidar  walls  results,  whilst  lively 
movements  can  be  induced  by  irritation  of  the  lower  or  distal  cut  ex- 
tremity. Yet  after  the  section  of  the  Pneumogastrics,  if  small  portions 
of  food  be  introduced  into  the  stomach,  these  can  still  be  propelled  down- 
wards, either  as  LudwigJ  and  Schiff§  suppose,  from  the  reflex  action  of 
the  ganglia  of  the  Sympathetic,  or  from  the  contractions  of  the  muscular 
fibres  produced  by  direct  irritation.  The  moderate  excitement  of  plea- 
surable emotions  is  favourable  to  the  operation  of  digestion ;  not  only  by 
giving  firmness  and  regularity  to  the  action  of  the  heart,  and  thence  pro- 
moting the  circulation  of  the  blood  and  the  increase  of  the  gastric  secre- 
tion ;  but  also  in  all  probability  by  imparting  energy  and  regularity  to 
the  muscular  contractions  of  the  stomach. 

90.  Much  discussion  has  taken  place  upon  the  question,  how  far  con- 
traction of  the  parietes  of  the  Stomach  itself  actively  participates  in  the 
operation  of  Vomiting ;  and  many  experiments  have  been  made  to  deter- 
mine the  facts  of  the  case.  Some,  like  Magendie,  have  gone  so  far  as  to 
affirm  that  the  stomach  is  essentially  passive ;  grounding  this  inference 
upon  the  fact  experimentally  ascertained,  that  when  the  stomach  was 
removed,  and  a  bladder  Avas  substituted  for  it,  this  was  emptied  of  its  con- 
tents by  the  compression  of  the  parietes  of  the  abdomen,  when  tartar- 
emetic  was  injected  into  the  veins.  But  this  fact  by  no  means  disproves 
the  active  co-operation  of  the  stomach ;  and  judging  from  the  analogy  of 
the  .uterus,  bladder,  and  rectum, — whose  muscular  walls  are  all  actively 
concerned  in  the  expulsion  of  their  contents,  though  that  expulsion  is  in 
great  part  due  to  the  contraction  of  the  abdominal  muscles, — Ave  should 

*  See  Dr.  Reid's  "  Physiological,  Anatomical,  and  Pathological  Researches," 
chap,  v.;  Valentin,  "  De  Functionibus  Nervorum  Cerebralium,"  &c,  chap.  xi. ;  also 
Longet,  "  Anat.  et  Physiol,  du  Systeine  Nerveux,''  torn.  i.  p.  323  ;  and  "Physiologie,'' 
vol.  i.  p.  234,  1861 ;  and  Bischoffin  Mailer's  "Archiv,"  1843.  Pincus,  "Exp.  de  vi 
Nervi  Vagi"  Wratislaw,  1856;  Hartung,  "  Ueher  die  Nervi  Vagi,"  Giessen,  1858; 
Schiff,  " Physiologie,"  1859,  p.  420;  and  Schweiz,  "  Monats.  f.  Prakt.  Med.,"  I860; 
Bernard,  "  Med.  Times  and  Gaz.,"  1860,  vol.  ii.  p.  1 ;  Ravitsch,  Mailer's  "Archiv, 
1861,  p.' 779 ;  Henle,  "  Handb  d.  System.  Anat.  des  Menschen,"  Band  ii.  1866; 
O.  Nasse,  "  Beitrage  zur  Physiologie  d.  Darmbewegung,"  1866. 

t  Bernard,  "  Med.  Times  and  Gaz.,"  1860,  vol.  ii.  p.  1. 

i  "  Physiologie,"  p.  614.  §  "  Untersuchungen  zur  Naturlehre,"  viii.  p.  o2o- 
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be  led  to  concur  with  the  common  opinion,  of  which  our  own  sensations 
luring  the  act  would  indicate  the  correctness.    From  the  careful  ex- 
periments of  Schiff*  on  dogs,  as  well  as  from  observations  made  on  man 
n  eases  where,  from  injury,  the  stomach  has  been  exposed,!  ^  appears 
hat  under  ordinary  circumstances  the  cardiac  aperture  is  firmly  closed ; 
but  that  when  vomiting  is  about  to  take  place,  a  full  inspiration  occurs, 
which  serves,  as  Dr.  M.  Hall  first  pointed  out,  to  fix  the  diaphragm  and 
■;o  supply  a  firm  surface  against  which  the  stomach  can  be  pressed. 
Tlien,  an  instant  before  the  contraction  of  the  abdominal  walls  occurs, 
the  cardiac  orifice  is  suddenly  dilated  by  the  contraction  of  special  bands 
of  muscular  fibres,  which  are  probably  continuous  with  the  longitudinal 
fibres  of  the  oesophagus.  The  muscles  of  expiration — i.e.,  the  abdominal 
muscles — then  contract  with  great  vigour,  and  the  glottis  being  closed,  so 
;hat  the  escape  of  air  from  the  chest  and  the  elevation  of  the  diaphragm 
ire  prevented,  the  stomach  is  subjected  to  considerable  pressure,  and  its 
contents  are  immediately  ejected.    When  peristaltic  movements  of  the 
stomach,  which  have  occasionally  been  observed  to  be  reversed  in  direc- 
tion, are  already  present,  their  activity  is  generally  intensified ;  but  if 
,he  stomach  be  quiescent  before  vomiting  commences,  it  may  remain 
Derfectly  passive  throughout.  The  pylorus  is  almost  always  firmly  closed, 
;o  that  but  little  of  the  food  escapes  into  the  intestine.    The  flow  of  bile 
s  usually  increased.    The  interesting  observation  was  made  by  Kiihle, 
hat  if  a  manometer  be  fastened  into  the  stomach,  and  vomiting  be  excited, 
nstead  of  an  elevation  there  is  a  descent  of  the  mercury,  momentarily 
preceding  the  expulsion  of  the  contents :  this  must  doubtless  be  referred 
o  the  sudden  and  active  opening  of  the  cardiac  orifice  produced  by  the 
lilatator  fibres  described  by  SchifF,  which  occurs  just  antecedently  to  the 
pressure  exerted  by  the  muscles  of  the  abdomen.  There  can  be  but  little 
ioubt  that  the  violent  but  fruitless  efforts  at  vomiting  which  we  occa- 
iionally  witness  (two  or  three  such  efforts  frequently  preceding  the  effec- 
;ual  one),  are  prevented  from  emptying  the  stomach  by  the  obstinacy 
i  vith  which  the  cardiac  sphincter  is  kept  closed ;  just  as  the  expiratory 
;ffort  which  assists  in  emptying  the  stomach,  is  prevented,  by  the  firm- 
less  with  which  the  glottis  is  held  shut,  from  expelling  the  contents  of 
he  chest.    The  immediate  causes  of  vomiting  may  be  reduced  to  three 
lifferent  categories.    1st.  The  contact  of  irritating  substances  with  the 
nucous  membrane  of  the  stomach  itself;  these,  however,  cannot  act  by 
lirect  stimulation  upon  more  than  its  own  muscular  coat ;  and  their 
>peration  upon  the  associated  muscles  must  take  place  by  reflexion, 
hrough  the  'nervous  circle' furnished  by  the  pneumogastrics  and  the 
notor  nerves  of  expiration.    2nd.  Irritations  applied  to  other  parts  of 
■ne  body,  likewise  operating  by  simply-reflex  transmission;  as  in  the 
'omiting  which  is  consequent  upon  the  strangulation  of  a  hernia,  or  the 
'assage  of  a  renal  calculus;  or  in  that  which  is  excited  by  the  injection 
)i  tartar-emetic  or  emetin  into  the  circulating  current,  where  these  sub- 
stances probably  produce  their  characteristic  effect  by  their  operation  on 
he  nervous  centres.    3rd.  Impressions  received  through  the  sensorial 
'•entres,  which  may  be  either  sensational  or  emotional,  but  which  do  not 

*  Moleschott's  "  Unters.,"  Bd.  x.  1867,  p.  353. 
I  ,  1\L?PJne»  "Bullet,  de  l'Acad.  Roy.  de  MeU,"  1844;  and  Patty,  in  "  Allgom.  Med. 
|  entralblatt,"  1863,  No.  62. 
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operate  unless  they  are  felt.  In  this  mode  seems  to  be  excited  the  vomit- 
ing that  is  induced  by  tickling  the  fauces,  which  first  gives  rise  to  the 
sensation  of  nausea ;  as  well  as  the  vomiting  consequent  upon  disgusting 
sights,  odours,  or  tastes,  and  upon  those  peculiar  internal  sensations 
which  are  preliminary  to  '  sea- sickness.'  The  recollection  of  these  sensa- 
tions^ conjoined  with  the  emotional  state  which  they  originally  excited, 
may  itself  become  an  efficient  cause  of  the  action,  at  least  in  individuals 
of  peculiarly  irritable  stomachs  or  of  highly  sensitive  nervous  systems ; 
tor  this  plays  downwards  upon  the  sensorial  centres,  in  such  a  manner 
as  to  excite  in  them  the  same  condition  as  that  which  was  originally  pro- 
duced through  the  medium  of  the  sensory  nerve  when  the  object  was 
actually  present.    (See  chap,  xiii.,  Sect.  3.) 

91.  The  passage  of  the  Chyme,  or  product  of  the  gastric  digestion, 
through  the  pyloric  orifice,  into  the  commencement  of  the  Intestinal 
tube,  is  at  first  slow ;  but  when  the  digestive  process  is  nearly  com- 
pleted, it  is  transmitted  in  much  larger  quantities.  The  pyloric  orifice, 
like  the  cardiac,  is  furnished  with  a  sphincter  muscle  ;  but  how  far  its 
contractions  are  dependent  upon  '  reflex  action,'  has  not  yet  been  ascer- 
tained. The  ingested  matter,  which  undergoes  further  changes  of  a 
very  important  character  within  this  portion  of  the  canal,  is  gradually 
propelled  onwards  by  the  peristaltic  contractions  of  its  walls ;  and  these 
are  excited  by  the  contact,  either  of  the  products  of  digestion,  or  of  the 
secretions  poured  in  by  the  various  glands  that  discharge  their  products 
into  the  intestinal  tube.*  In  its  progress  along  the  small  intestines,  the 
nutritious  portion  of  the  ingested  matter  is  gradually  taken  up  by  the 
blood-vessels  and  absorbents;  and  the  residue,  combined  with  excre- 
mentitious  matters  separated  from  the  blood,  begins  to  assume  the  faecal 
character.  A  further  absorption  takes  place  during  the  passage  of  the 
fsecal  matter  through  the  large  intestines ;  and  thus  by  the  time  it 
reaches  the  rectum,  it  has  acquired  a  considerable  degree  of  consistency. 
The  ordinary  peristaltic  movements  of  the  Intestinal  canal  may,  to  some 
extent,  be  referred  to  reflex  action  through  a  chain  of  nerves  and  ner- 
vous ganglia,  or  Plexus  Myentericus,  one  layer  of  which  has  been  shown 
by  Meissner  to  exist  in  the  submucous  areolar  tissue,  and  another,  by 
Auerbach,  between  the  circular  and  longitudinal  layers  of  muscular 
tissue  of  the  small  intestines,  and  on  the  outside  of  the  longitudinal 
layer  in  the  large  intestine. f  They  may,  however,  be  excited  by  irrita- 
tion of  more  distant  cerebro-spinal  and  sympathetic  centres.  Thus, 
Budge  |  and  Schiff ,  in  experiments  on  cats,  obtained  intestinal  move- 
ments by  direct  irritation  of  the  corpora  striata,  optic  thalami,  corpora 
quadrigemina,  pons  Varolii,  medulla  oblongata,  and  the  peduncles  of  the 
brain  and  cerebellum.  Numerous  experimenters  have  observed  contrac- 
tions, not  only  of  the  stomach,  but  of  the  small,  and  even  of  a  portion 

*  The  Bile  seems  to  have  an  important  share  in  producing  this  effect ;  since,  when 
the  ductus  choledochus  is  tied,  constipation  always  occurs.  The  purgative  action  of 
Mercurials  seems  to  depend  in  great  part  upon  the  increase  of  the  hepatic  and  other 
secretions  which  it  induces.  , 

+  Auerbach,  "  Canstatt's  Jahresbericht,"  1862,  p.  174;  Manz,  "Die  Nerven  una 
Ganglion  des  Saugethierdarms,"  1859;  Krause,  "  Studien  des  Phys.  Instit.  zu 
Breslau,"  1863,  p.  41.  "  Unters.  lib.  einig.  Ursach.  der  peristal!.  Beweg.  des  Darin- 
canals;"  and  Virchow's  "Archiv,"  1864,  p.  457. 

J  "Lohrbuch  d.  Physiologic,"  1862,  p.  785. 
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if  the  large  intestines,  on  electrical  excitation  of  the  pneuraogastric  in 
the  neck,  and  it  is  probable  that  in  all  these  instances,  the  muscular 
ibres  are  called  into  play,  not  directly,  but  through  the  instru- 
mentality of  the  vagus  on  the  ganglia  of  the  plexus  myentericus.* 
The  following  are  the  general  results  of  Valentin,!  so  far  as  they 
apply  to  this  part  of  the  subject: — The  lower  part  of  the  oeso- 
ohagus  in  the  neck  is  made  to  contract  peristaltically  from,  above 
Icwnwards,  by  irritation  of  the  roots  of  the  first  three  cervical  Spinal 
aerves,  and  of  the  cervical  portion  of  the  Sympathetic,  through 
,vhich  last  the  former  evidently  operate.  The  thoracic  portion  of 
;he  oesophagus  is  made  to  contract,  by  irritation  of  the  lowest  Sym- 
Dathetic  ganglion  of  the  neck,  and  of  the  higher  thoracic  ganglia, 
ind  also  of  the  roots  of  the  lower  cervical  Spinal  nerves.  Muscular 
:ontractions  of  the  Stomach  are  produced  in  the  rabbit,  by  irrita- 
tion of  the  roots  of  the  4th,  5th,  6th,  and  7th  cervical  Spinal  nerves, 
ind  of  the  1st  thoracic,  so  that  a  distinct  furrow  is  evident  between  the 
:ardiac  and  pyloric  portions  of  the  viscus ;  and  the  lower  the  nerve  irri- 
ated,  the.  nearer  to  the  pylorus  do  the  contractions  extend.  Irritation 
)f  the  first  thoracic  ganglion  of  the  Sympathetic  produces  the  same 
;ffect.  Nasse,  however, J  was  only  able  to  obtain  decisive  evidence  of 
ontraction  by  irritation  of  those  ganglia  of  the  sympathetic  which  gave 
tranches  to  the  inferior  mesenteric  plexus,  in  which  case  peristaltic 
novements  occurred  in  the  rectum  and  descending  colon.  It  may  be  said 
hen  that  contractions  of  the  Intestinal  tube,  varying  in  place  according 

0  the  part  of  the  Spinal  cord  experimented  on,  may  be  excited  by  irrita- 
ion  of  the  roots  of  the  dorsal,  lumbar,  and  sacral  nerves,  and  of  the  tri- 
geminus ;  and  that  similar  effects  may  be  produced  by  irritation  of  the 
ower  part  of  the  thoracic  portion,  of  the  lumbar,  and  of  the  sacral  portions 
)f  the  Sympathetic.  A  remarkable  influence  exerted  by  the  splanchnic 
lerves  in  restraining  or  inhibiting  the  movements  of  the  intestine  was 
irst  described  by  Pfliiger,  and  has  been  substantiated  by  Nasse  and 
others.  The  latter  observer,  experimenting  on  rabbits,  found  that  the 
effects  of  the  irritation  of  the  splanchnics,  immediately  after  the  decapi- 
tation of  the  animal,  were  limited  to  the  small  intestine ;  the  movements 
)f  the  stomach,  colon,  and  rectum  not  being  affected.  The  stoppage  of 
novement  took  place  almost  instantaneously  after  the  application  of  the 
stimulus  to  the  nerves,  and  it  therefore  appeared  that  it  was  not  due  to 
;he  mere  cessation  of  the  circulation,  and  this  was  further  shown  by  its 
continuing,  notwithstanding  the  injection  of  defibrinated  calf's  blood 
through  the  vessels ;  unless,  indeed,  the  movements  were  rendered  un- 
isually  lively  by  forcing  in  the  blood  at  a  pressure  much  higher  than 

_  *  Experiments  made  like  those  of  Pincus,  Budge,  Adrian,  and  Lamansky,  with  a 
new  of  determining  the  functions  of  the  cceliac  and  mesenteric  plexuses  by  noticing 
•he  effects  of  their  ablation  can  scarcely  be  of  any  service,  since  the  operation  required 

1  so  severe  as  to  cause  death  in  a  few  hours.  However,  the  chief  phenomena  observed 
las  been  congestion,  and  ecchymoses  in  the  mucous  membrane  of  the  stomach 
rod  small  intestine,  with  hypersecretion  of  mucus,  liquid  freces,  and  more  or  less 
:evere  peritonitis.  M.  Moreau,  "  Comptes  Kcndue,"  1868,  p.  554,  has  also  lately 
mown  that  section  of  the  nerves  supplying  a  fold  of  intestine  leads  to  effusion 
nto  it. 

t  Valentin,  "  De  Funct.  Nerv.  Cereb.  et  Nerv.  Sympath.,"  book  ii.  chap.  ii. 
X  Pamphlet  "  On  the  Physiology  of  the  Movements  of  the  Intestines,"  1866. 
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that  normally  present,  in  which  case  they  were  only  checked,  but  not 
altogether  subdued.    On  irritating  coetaneously,  and  with  the  same 
force  of  electrical  current,  the  splanchnics  and  the  pneumogastrics,  whilst 
the  movements  of  the  stomach  continued,  those  of  the  small  intestine 
were  arrested.    The  duration  of  the  functional  activity  of  the  splanch- 
nics after  death  is  very  brief,  not  exceeding  ten  minutes  in  the  rabbit. 
After  this  period  the  movements  of  the  intestine  seem  to  be  rather  in- 
creased in  energy  on  excitation  of  the  splanchnics,  a  phenomenon  which 
is  attributed  by  Nasse  to  the  existence  of  proper  motor  mingled  with 
the  inhibitory  fibres,  the  activity  of  which,  though  concealed  during 
life  and  immediately  after  death  by  the  latter,  is  more  persistent  in  its 
nature.    In  conclusion,  it  may  be  mentioned  that  Nasse  has  observed 
lively  movements  of  the  intestines,  both  when  their  vessels  Avere  ren- 
dered thoroughly  anaemic,  and  also  when  blood  was  injected  into 
them  at  a  considerable  pressure;  he  also  found,  in  regard  to  the 
action  of  poisons,  that  injections   of  nicotin  and  of  sulphocyanide 
of  potassium  into  the  blood,  induced  violent  tetanic  spasms  of  the 
small  intestines  in  rabbits.     Opium  .acted  but  very  slightly,  and 
strychnia  and  woorara  were  totally  inoperative.    Carbonic  acid  intoxi- 
cation induced  general  contraction,  but  no  active  movements  of  the  intes-* 
tines.    From  these  facts  it  is  evident,  that  the  movements  of  the  Intes- 
tinal tube  may  be  influenced  by  the  Spinal  Cord ;  and  that  what  is  com- 
monly termed  the  Sympathetic  nerve,  is  the  channel  of  that  influence, 
by  the  fibres  which  it  derives  from  the  spinal  system.    But  it  by  no 
means  thence  follows,  that  the  ordinary  peristaltic  actions  of  the  mus- 
cles in  question  are  dependent  on  a  stimulus  reflected  through  the  spinal 
cord,  rather  than  on  one  directly  applied  to  themselves.    It  is  clear 
that,  although  these  movements  are  of  the  first  importance  to  the  wel- 
fare of  the  system,  such  means  of  sustaining  them  are  feeble,  compared 
to  those  which  we  find  provided  for  the  maintenance  of  the  distinctly- 
reflex  actions  of  deglutition,  respiration,  &c.    And  the  fact  that  they  are 
capable  of  being  at  all  times  more  easily  excited  by  stimuli  applied  to 
the  muscles,  than  by  any  kind  of  irritation  applied  to  their  nerves — ■ 
taken  in  connection  with  the  fact  that  the  muscles  not  only  remain 
irritable,  but  will  execute  regular  peristaltic  contractions,  for  a  long 
time  after  any  such  contractions  can  be  excited  through  their  nerves — 
seems  a  very  strong  indication  that  though  the  nervous  influence  is  the 
chief,  yet  that  it  is  not  the  only  agent  in  calling  these  movements  into 
play.    And  as  we  well  know  that  the  peristaltic  movements  are  affected 
by  particular  states  of  mind,  or  by  conditions  of  the  bodily  system,  the 
connection  just  traced  satisfactorily  accounts  for  this,  and  is  itself  suffi-  I 
ciently  explained. 

92.  The  rapidity  with  which  the  food  traverses  the  intestinal  tube 
is  subject  to  great  variations.  In  a  case  of  duodenal  fistula  in  a  I 
man,  recorded  by  Kuhne,*  portions  of  uncoagulated  milk,  and  small  I 
fragments  of  meat,  were  observed  to  make  their  appearance  within  I 
ten  minutes  of  their  being  swallowed.  In  a  case  of  artificial  anus  | 
which  opened  into  the  upper  part  of  the  jejunum,  reported  by  Dr.  I 
Busch,f  the  first  portions  of  food  usually  appeared  in  from  15  to  30 


*  "  Physiologische  Cheniie,"  1868,  p.  53.       t  Virchow's  "  Archiv,"  vol.  xiv.  p. 
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ainutes  after  ingestion.  Whilst  in  another  case  reported  by  Dr.  Braune,* 
a  which  the  artificial  anus  communicated  with  the  intestine  a  few 
aches  above  the  ileo-colic  valve,  the  first  appearance  of  the  food  pre- 
ented  itself  three  hours  after  ingestion,  and  the  last  about  six  hours 
iter,  so  that  we  may  consider  the  time  occupied  by  the  food  in  tra- 
versing the  small  intestine  to  be  about  2|  hours.  The  food  having 
raversed  the  small  intestine,  enters  the  caecum  by  an  aperture  guarded 
<y  a  valve  (the  Ilio-caecal),  whose  lateral  position  is  clearly  a  provision 
or  preventing  the  whole  weight  of  the  Faeces,  as  the  remains  of  the  food 
ere  begin  to  be  called,  by  which  it  might  be  forced  back,  from  resting 
pon  it.  The  Fasces,  in  their  ascent,  are  lodged  in  the  sacculi  of  the 
olon,  by  which  they  are  supported  during  the  intervals  of  the  peri- 
ifcaltic  action  of  the  Muscular  Coat.  In  their  course  through  the  de- 
cending  colon,  they  pass  through  its  remarkable  sigmoid  flexure,  by 
vhich  they  are  prevented  from  directly  pressing  against  the  anal  orificcj" 
according  to  the  observations  of  M.  Voit,"j"  in  cats  and  dogs  the  evacua- 
ion  of  faeces,  known  by  their  characters  to  proceed  from  particular 
inds  of  food  previously  given,  almost  invariably  occupies  24  hours. 

93.  On  examining  the  outlet  by  which  the  faeces  are  voided,  we  find 
aat  it  is  placed,  like  the  entrance,  under  the  guardianship  of  the  Spinal 
-ord;  subject,  however,  to  some  control  on  the  part  of  the  will.  In 
le  lowest  animals,  the  act  of  discharging  excrementitious  matter  is  pro- 
ably  as  involuntary  as  are  the  acts  immediately  concerned  in  the  intro- 
uction  of  nutriment ;  and  it  is  performed  as  often  as  there  i3  anything 
i  be  got  rid  of.  In  the  higher  classes,  however,  such  discharges  are 
mch  less  frequent,  and  reservoirs  are  provided,  in  which  the  excre- 
•lentitious  matter  may  accumulate  in  the  intervals.  The  associated 
novenients  required  to  empty  these  are  completely  involuntary  in  their 
uaracter,  and  are  excited  by  the  quantity,  or  stimulating  quality,  of 
eie  contents  of  the  reservoir.  But,  had  volition  no  control  over  them, 
t  :eat  inconvenience  would  ensue ;  hence,  sensation  is  excited  by  the  same 
imulus  which  produces  the  movements,  in  order  that,  by  arousing  the 
[  ill,  the  otherwise  involuntary  motions  may  be  restrained  and  directed, 
here  can  be  little  doubt,  from  the  experiments  of  Dr.  M.  Hall,  as  well 
i  from  other  considerations,  that  the  associated  movements  by  which 
le  contents  of  the  rectum  and  bladder  are  discharged,  correspond  much 
I  ith  those  of  Eespiration ;  being  in  their  own  nature  excito-motor,  but 
sing  capable  of  a  certain  degree  of  voluntary  restraint  and  assistance, 
•he  act  of  Defaecation  (as  of  Urination)  chiefly  depends  upon  the  com- 
Lned  contraction  of  the  abdominal  muscles,  similar  to  that  which  is 
I  mcerned  in  the  expiratory  movement ;  but,  the  glottis  being  closed  so 

to  prevent  the  upward  motion  of  the  diaphragm,  their  force  acts  only 

I  *  "  Archives  GeneVales  de  Med.,"  1861,  p.  610. 

+  For  some  further  observations  on  Defaecation,  the  reader  is  referred  to  O'Beirne, 
I  Sew  Views  of  the  Process  of  Defecation,"  Washington,  1834 ;  and  to  vol.  ii.  p.  406, 
I  Dr.  Austin  Flint's  "Physiology  of  Man,"  both  of  whom  agree  in  believing  that 
I  ider  ordinary  circumstances  the  rectum  is  contracted  and  contains  neither  fseces 
I  t  gas,  whilst  the  condition  which  immediately  precedes  the  desire  for  defaecation  is 
I  obably  the  descent  of  the  contents  of  the  sigmoid  flexure  of  the  colon  into  the  rectum. 
I  ley  admit,  however,  that  under  certain  circumstances  faeces  must  accumulate  in  the 
I  *er  and  dilated  portion  of  the  rectum. 
I  t  "  Zeits.  f.  Biologie,"  Bd.  ii.  p.  6. 
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on  the  contents  of  the  abdominal  cavity;  and  so  long  as  the  sphincter! 
of  the  cardia  remains  closed,  it  must  press  downwards  upon  the  walls  of  I 
the  rectum  and  bladder — the  contents  of  the  one  or  the  other  of  these f 
cavities,  or  of  both,  being  expelled,  according  to  the  condition  of  their 
respective  sphincters.    These  actions  are  doubtless  assisted  by  the  con-| 
traction  of  the  walls  of  the  rectum  and  bladder  themselves,  for  we  some- 
times find  their  agency  sufficient  to  expel  the  contents  of  the  cavities, 
when  there  is  a  total  paralysis  of  the  ordinary  expulsors,  provided  that 
the  sphincters  be  at  the  same  time  sufficiently  relaxed.    This  is  more 
especially  the  case,  when  their  power  is  augmented  by  increased  nutri- 
tion.   For  example,  in  many  cases  of  disease  or  injury  of  the  Spinal 
Cord,  the  bladder  ceases  to  expel  its  contents,  through  the  interruption 
of  the  circle  of  reflex  action;  but  after  a  time,  the  necessity  for  drawing! 
off  the  urine  by  the  catheter  is  found  to  exist  no  longer,  the  fluid  beingf 
constantly  expelled  as  soon  as  it  has  accumulated  in  small  quantities 
In  such  cases,  the  mucous  coat  is  found  after  death  to  be  thickened  and 
inflamed,  and  the  muscular  coat  to  be  greatly  increased  in  strength,  and 
contracted  upon  itself.    It  would  seem,  then,  that  the  abnormal  irritabi- 
lity of  the  mucous  membrane,  and  the  increased  nutrition  of  the  mus 
cular  substance  which  appears  consequent  upon  it,  enable  the  latter  to 
expel  the  urine  without  the  assistance  of  the  ordinary  expulsors. 

94.  On  the  other  hand,  the  sphincters  which  antagonize  the  expellent 
action,  are  usually  maintained  in  a  state  of  moderate  contraction,  so  as 
to  afford  a  constant  check  to  the  egress  of  the  contents  of  the  cavities 
and  this  condition  has  been  fully  proved  by  Dr.  M.  Hall  to  result  from 
their  connection  with  the  Spinal  Cord,  ceasing  completely  when  this  is 
interrupted.    But  the  sphincters  are  certainly  in  part  controlled  by  the 
will,  and  are  made  to  act  in  obedience  to  the  warning  given  by  sensa- 
tion ;  and  this  voluntary  power  is  frequently  destroyed  by  injuries  o 
the  Brain,  whilst  the  Spinal  Cord  remains  able  to  perform  all  its  own 
functions,  so  that  discharge  of  the  urine  and  faeces  occurs.    In  their 
state  of  moderate  excitement,  the  expulsors  and  the  sphincters  may  be 
regarded  as  balancing  one  another,  so  far  as  their  reflex  action  is  con- 
cerned, the  latter  having  rather  the  predominance,  so  as  to  restrain  the! 
operation  of  the  former.    But,  when  the  quantity  or  quality  of  the  con-j 
tents  of  the  cavity  gives  an  excessive  stimulus  to  the  former,  their  actionl 
predominates,  unless  the  will  be  put  in  force  to  strengthen  the  resistance! 
of  the  sphincter ;  this  we  are  frequently  experiencing,  sometimes  to  onr 
great  discomfort.    On  the  other  hand,  if  the  stimulus  be  deficient,  the 
will  must  aid  the  expulsors,  in  order  to  overcome  that  resistance  which 
is  due  to  the  reflex  contraction  of  the  sphincters ;  of  this  also  we  may ! 
convince  ourselves,  when  a  sense  of  propriety,  or  a  prospective  regard  > 
to  convenience,  occasions  us  to  evacuate- the  contents  of  the  rectum  or 
bladder  without  a  natural  call  to  do  so. 

4.  Of  the  Changes  which  the  Food  undergoes,  during  its  passage 
along  the  Alimentary  Canal. 

95.  The  object  of  the  Digestive  process,  as  already  pointed-out,  is  to 
reduce  the  Alimentary  matters  to  a  condition  in  which  they  can  be  in- 
troduced by  Absorption  into  the  Circulating  system.    This  reduction  is 
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Fig.  44. 


Lobule  of  Parotid  Gland  of  a 


partly  effected,  as  we  have  seen,  by  Mechanical  means ;  but  it  is  chiefly 
due  to  the  Chemical  agencies  which  are  brought  to  bear  upon  the  in- 
jested  substances,  during  their  transit  through  the  mouth,  the  stomach, 
nd  the  upper  portion  of  the  intestinal  tube.    The  first  of  these  is  ex- 
ited by  the  Salivmy  fluid,  which  is  incorporated  with  the  food  in  the 
ict  of  mastication,  and  of  which  a  large  quantity  descends  with  it  to  the 
itomach.    For  the  secretion  of  this  fluid,  it  will  be  remembered  that 
.hree  pairs  of  glands  of  considerable  size  are  provided— namely,  the 
arotid,  the  sublingual,  and  the  submaxillary.  But  in  addition  to  these 
ere  is  a  small  pair  situated  just  at  the  tip  of  the  tongue,  whilst  a  very 
portant  part  of  the  fluid  is  furnished  by  the 
igual  and  palatine  glands,  and  by  the  nume- 
•ous  follicular  glands  lodged  in  and  beneath  the 
uccal  mucous  membrane.  The  Salivary  glands 
e  constructed  upon  that  follicular  type,  of 
hick  a  characteristic  example  is  presented  in 
e  glands  of  Brunner  (Fig.  54)  ;  their  ultimate 
Hides  (Fig.  44)  are  very  minute  (their  average 
'ameter  being  about  l-1200thpart  of  an  inch), 
d  are  closely  surrounded  by  a  plexus  of  capil- 
ry  blood-vessels  (Fig.  45).    Their  develop- 
ed commences  from  a  simple  canal,  sending 
ff  bud-like  processes,  which  opens  from  the 
outh,  and  lies  amidst  a  cellular  blastema  ;  and 

a  their  evolution  advances,  the  large  parent-  new-born  infant,  injeoted^with 
lis  of  this  blastema  form  communications  with  £S7"   Magnified  50  dia 
le  gland-canal,  which  is  at  the  same  time 
tending  its  ramifications,  and  remain 
?  the  terminal  follicles  of  these. 
I  96.  Numerous  researches  have  shown, 
at  the  characters  of  the  fluids  poured 
<rth  respectively  from  the  three  prin- 
pal  glands  are  by  no  means  identical ; 
d  that  the  buccal  mucus  has  a  very 
lportant  share  in  the  operations  of  that 
ted  product,  which  constitutes  the 

dinary  Saliva.  The  Specific  gravity  of  Capillary  Network  around  the  Follicles  of 
:c  fln^l   ™„         „       -J>      j.1      v     •/      n  the  Parotid  Gland. 

s  liuid  may  vary  within  the  limits  of 
th  from  1002  to'  1009.    The  variations  appear  to  be  partly  refer- 
e  to  the  amount  of  solids  and  liquids  ingested,  and  partly  to  the 
ount  of  the  secretion  previously  poured-out ;  but  it  may  be  in  some 
asure  attributed  to  a  difference  in  the  proportions  of  the  fluids  poured 
to  the  mouth  by  the  several  glands  which  secrete  them.    The  Saliva 
found  to  contain  a  few  epithelial  scales  thrown  off  by  the  buccal 
ucous  membrane,  and  a  small  number  of  minute  corpuscles  proceeding 
efly  from  the  lingual  and  tonsillitic  glands,  which  perform  curious 
ntaneous  and  Amoeba-like  movements.*    Its  reaction  is  always  alka- 
ie  in  health ;  but  the  degree  of  alkalinity  varies,  being  greatest  during 
d  after  meals,  and  least  after  prolonged  fasting,  when  the  fluid  is 
iost  neutral.    Its  temperature  at  the  moment  of  secretion  is  always 

*  Brucke,  "  Sitzungsbericht  d.  Wiener  Akad.,"  Bd.  xlv. 
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from  1°  to  2°  Fahr.  higher  than  the  arterial  Blood  supplying  the  gland* 
According  to  Oehl,-f-  the  saliva  is  secreted  and  discharged  by  the  parotid 
duct,  under  a  pressure  amounting  at  the  maximum  to  a  column  of  wat 
of  six  inches  in  height.  The  following  are  some  of  the  chief  analyses 
this  fluid  that  have  been  made : — 


er 


In  1000  Parts. 


Water     .  . 
Solid  residue    .  . 

Ptyalin  .... 
Mucus,  epithelium 
Fat  and  cholesterine 
Water-extract,\vith 

salts  .... 
Alcoholic-extract  . 
Sulphocyanide  of 

potassium  .  . 
Salts  


Simon-Z  Berzelius.% 


991-22 
8-78 


4-37 
1-40 
032 

245 


1000- 


992-9 
71 


2-9 
1-4 


09 
1-9 


Frerichs. 


994-10 
5-90 


1-  41 
213 

2-  07 


010 
2-19 


1000- 


1000- 


Jacubowitsch.*^ 


995  16 
4-84 


1-34 
1-62 


0-  06 

1-  82 


1000- 


Harley. 


993-331 
669 


Organic 
matters. 
391 


Inorganic 
matters. 

2-78 


1000- 


The  substance  to  which  the  designation  of  ptyalin  is  given,  is  that  on 
whose  presence  the  peculiar  properties  of  the  Saliva  appear  to  depend; 
and  it  seems,  as  regards  its  chemical  nature,  to  be  an  albuminous  com- 
pound, in  such  a  state  of  change,  however,  that  it  acts  the  part  of  a 
1  ferment.'    Sulphocyanide  of  Potassium,  considered  by  Bernard-J-j-  to  be 
only  occasionally  present,  and  attributed  by  some  to  the  presence  o 
carious  teeth,  and  by  others  conceived  to  have  been  mistaken  for  Nico- 
tine, the  essential  oil  of  Tobacco,  has  been  found  by  Harley  to  be  a 
constant  constituent  of  the  Saliva  in  persons  possessing  perfectly  sound 
teeth,  and  not  addicted  to  smoking.    Its  use  may  possibly  be  that  sug- 
gested by  KletzinskyJJ  to  prevent  the  formation  of  fungoid  spores 
between,  and  in  the  cavities  of  the  teeth.    In  a  medico-legal  point  o 
view,  the  existence  of  a  sulphocyanide  in  the  saliva  has  a  special  impor- 
tance ;  since,  if  in  a  state  of  sufficient  concentration,  it  causes  the  saliva 
to  exhibit  the  same  blood-red  colour,  when  treated  with  a  per-salt  of 
iron,  as  that  which  is  produced  by  meconic  acid.     (The  differena 
between  the  two,  however,  is  easily  made  apparent,  by  adding  a  solutio 
of  perchloride  of  mercury ;  for  this  causes  the  colour  produced  by  the 
sulphocyanide  to  disappear,  whilst  it  has  no  action  on  that  which  is  du 
to  the  presence  of  meconic  acid.)    To  determine  the  nature  of  the  dif 
feiences  in  the  composition  and  physical  characters  of  the  secretion  o 
the  several  salivary  glands,  Bernard  inserted  tubes  into  their  ducts,  an 
found,  on  placing  a  few  drops  of  vinegar  on  the  tongue  of  a  dog,  that  th 
submaxillary  saliva  was  immediately  secreted,  speedily  followed  by  tha 
from  the  parotid,  and  at  a  later  period  by  that  from  the  sublingual 
The  parotidean  saliva  was  clear  and  watery,  containing  only  0-47  pe 

*  Kiihne,  "  Phys.  Chemie,"  1866,  p.  6.     +  "  La  Saliva  Umana,"  &c,  Pavia,  1864 


Simon,  "Animal  Chemistry,"  vol.  ii.  p.  4. 
See  Canstatt's  "  Jahresbericht,"  1850,  p.  1 


36. 


§  Donders'  "Phys.,"  p.  188,  185 


If  Inauff.  Diss.,  "  De  Saliva,"  Dorpati,  1848. 
**  "  Brit,  and  For.  Med.-Chir.  Kev."  1860,  p.  207 


+t  "  Lecons,"  1859,  t.  ii.  p.  243. 


++ 


Heller's  "Archiv,"  1833,  p.  39. 
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ent.  of  solid  residue  in  the  Dog,  and  0-76  in  the  Horse  (Lehmann). 
?he  fluid  discharged  by  the  sublingual  gland  was  thick  and  viscid, 
,-hilst  that  of  the  submaxillary  was  intermediate  in  this  respect  to  the 
thers.    Hence  Bernard  was  led  to  suggest  that  the  submaxillary  gland 
linisters  to  the  sense  of  taste,  whilst  the  parotid  is  connected  with  mas- 
.cation,  and  the  sublingual  with  deglutition.    The  Salts,  according  to 
ne  analyses  of  Schmidt,  consist  chiefly  of  Chlorides  of  Potassium  and 
odium,  Phosphate  of  Soda  (to  which  the  alkaline  reaction  of  the  saliva 
ppears  to  be  due),  Carbonate  of  Lime— giving  it  its  cloudy  appearance 
-hen  its  reaction  is  neutral  (Oehl) — Earthy  Phosphates,  and  Oxide  of  Iron, 
iernard  has  shown  that  various  salts,  after  their  introduction  directly 
r  indirectly  into  the  Blood,  rapidly  make  their  appearance  in  the 
diva;  this  is  particularly  the  case  with  Iodide  of  Potassium,  which  can 
'ten,  though  not  always  (Harley),  be  detected  in  the  saliva  long  before 
s  appearance  in  the  urine.    The  Tartar  which  collects  upon  the  teeth, 
ad  the  salivary  concretions  which  occasionally  obstruct  the  ducts,  consist 
aiefly  of  the  earthy  phosphates  held  together  by  about  20  per  cent,  of 
.  limal  matter.    The  fluids  which  are  secreted  by  the  three  principal 
iands  appear  (from  the  experiments  to  be  presently  cited)  to  have  very 
Afferent  degrees  of  efficacy,  in  producing  that  chemical  change  in  the 
:  od  which  it  is  the  peculiar  attribute  of  this  secretion  to  exert, 
i.  97.  Of  the  quantity  of  Saliva  which  is  secreted  daily,  it  is  impossible  to 
:rm  an  exact  estimate,  since  it  varies  greatly  with  the  character  of  the 
>od  ingested,  and  the  frequency  with  which  that  food  is  taken ;  the  secre- 
ting process  being,  indeed,  almost  suspended  when  the  masticating  muscles 
I  id  tongue  are  completely  at  rest,  unless  excited  by  a  nervous  stimulus. 
I  he  taste,  the  sight,  or  even  the  idea,  of  savoury  food,  is  sufficient  to 
:.  .use  a  flow  of  saliva,  especially  after  a  long  fast :  but  it  is  by  the  mas- 
i  jatory  movements  that  this  flow  is  chiefly  promoted,  so  that  the  amount 
I:  tured-forth  will  in  a  great  degree  depend  upon  the  duration  of  these 
movements, — this,  again,  being  governed  by  the  degree  in  which  the 
|  od  requires  mechanical  reduction.    It  is  calculated  by  MM.  Bidder 
lid  Schmidt,  that  the  average  in  Man  is  about  3^  pounds  daily;  but 
|  arley,  with  greater  probability,  estimates  it  at  from  1  to  2  lbs.  Oehl 
f  and  the  quantity  obtained  by  catheterization  from  the  submaxillary 
I  and,  as  compared  with  the  parotid,  to  be  as  3  :  1.    He  obtained  only 
J.)  grains  per  hour  from  a  fasting  man,  and  still  less  (15  grains)  after 
1  od  had  been  taken.    The  influence  of  the  kind  of  food  upon  the  quan- 
|  y  secreted  was  well  shown  by  Lassaigne,*  who  found  on  abstracting 
I  e  Bolus  of  food,  as  it  passed  down  the  (Esophagus  in  Horses,  that  100 
1  xts  of  green  stalks  were  mingled  with  49  parts  of  saliva,  the  same 
f  iantity  of  oats  and  barley  with  from  113  to  186  parts,  and  of  dry  hay 
I  th  406  parts  of  saliva.    Dr.  Dalton,  however,  did  not  observe  such 
I  Terence  in  Man,f  since  10  parts  of  fresh  cooked  meat  gained  48  per 
|  at.,  whilst  dry  wheaten  bread  did  not  gain  more  than  55  per  cent,  of 
|l>  weight  after  thorough  mastication.    In  M.  Oehl's  experiments,  Salt, 
•  I  spper,  Vinegar,  and  Quinine  excited  the  flow  of  saliva  from  the  parotid 
I  d  submaxillary  glands  to  about  an  equal  degree.     Honey  chiefly 
I  ected  an  increase  of  the  submaxillary  saliva. 

j  98.  Besides  the  preparation  of  the  food  for  the  ulterior  changes  which 

*  "C.  Rend."  xxi.  p.  362.  t  "Human  Physiology/'  1861,  p.  112. 
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it  has  to  undergo,  by  promoting  its  mechanical  reduction  in  the  act  of 
mastication,  and  by  facilitating  the  subsequent  admixture  of  other  watery 
fluids,  and  besides  the  material  assistance  which  it  affords  to  the  act  of  de- 
glutition, the  Saliva  fulfils  other  and  perhaps  still  more  important  purposes. 
Without  its  solvent  action  on  many  of  the  solid  constituents  of  our  food, 
their  taste  would  be  either  greatly  diminished  in  intensity  or  altogether 
lost.    Moreover,  by  lubricating  the  surfaces  of  the  mouth  and  teeth,  it 
prevents  the  adhesion  of  viscid  substances,  whilst  its  presence  is  of 
great  importance  in  enabling  the  tongue  to  perform  the  rapid  movements 
requisite  for  distinct  articulation,  as  is  clearly  indicated  by  the  thick 
and  almost  unintelligible  utterance  of  those  in  whom  from  any  cause 
the  mouth  and  tongue  have  become  dry  and  parched.  Lastly,  there  can 
be  no  doubt  that  it  has  itself  a  powerful  chemical  action  upon  the  fari- 
naceous constituents  of  food,  the  influence  being  of  a  continuous  nature, 
and  resembling  the  action  of  a  ferment,  so  that  an  extremely  small  pro- 
portion of  Ptyalin  will  convert  an  almost  indefinite  quantity  of  starch 
into  sugar.    In  Mialhe's  experiments,  one  part  of  Ptyalin  was  found  to 
effect  the  conversion  of  2000  parts  of  Starch,  first  into  dextrine  and  then 
into  grape  sugar.    The  rapidity  with  which  this  takes  place  under  fa- 
vourable circumstances  is  very  great ;  thus  Vintschgau*  found  that  if 
well  boiled,  thin  starch  paste,  which  .had  been  rendered  blue  by  the 
addition  of  Iodine,  were  added  drop  by  drop  to  Saliva  at  a  temperature 
of  98°  or  99°  F.  the  colour  instantly  disappeared ;  and  Dr.  Dalton  found 
traces  of  Sugar  in  Starch-paste  which  had  been  kept  in  the  mouth  within 
30  seconds.    This  power  is  not  peculiar,  however,  to  the  Saliva;  for 
M.  Bernard  has  shown  that  many  azotized  substances  in  a  state  of  in- 
cipient decomposition,  exert  a  similar  agency :  still  it  appears  to  be  pos- 
sessed by  Ptyalin  in  a  much  greater  degree  than  any  of  these  (save  the 
pancreatic  fluid,  which  resembles  saliva  in  this  property),  the  transfor- 
mation of  starch  under  its  influence  commencing  immediately,  andl 
continuing  energetically  until  it  is  entirely  effected.    The  activity  ofl 
Ptyalin  is  destroyed  by  a  boiling  temperature.    Its  presence  has  been  I 
ascertained  in  man  in  the  saliva  secreted  by  all  the  glands ;  but  in  the! 
dog  it  is  absent  in  the  parotidean  fluid,  and  it  exists  only  in  small  quan-l 
tities  in  the  secretion  of  the  other  salivary  glands,  which  is  in  accordance! 
with  the  nature  of  the  food  of  this  animal.    In  man,  the  transforming! 
process  is  certainly  not  checked  on  the  passage  of  the  food  into  the  sto-| 
mach,  as  it  is  in  the  dog,  which  is  partly  owing  to  the  larger  proportion! 
of  Ptyalin  his  saliva  contains,  and  partly  to  the  acidity  of  the  gastric  juicel 
being  much  less.    It  would  appear  that  the  Saliva  has  little  or  no  action! 
on  either  the  oleaginous  or  on  the  azotized  constituents  of  the  food,  andl 
its  operation  on  them  must,  therefore,  be  purely  physical. 

99.  The  secretion  of  the  Saliva  takes  place  intermittingly  under  nervoua 
influence,  the  conditions  of  which  have  been  very  carefully  investigated  by! 
Bernard,!  Eckhard,f  Schiff,§  Adrian,  v.  Wittich,||  and  Bidder.^  In  thej 
dog,  the  submaxillary  and  sublingual  glands  are  supplied  by  the  Sym-j 
pathetic  on  the  one  hand,  and  by  a  nervous  circle  formed  by  the  Glosso- 

*  "  Atti  del  Institute  Veueto,"  t.  iv.  1859. 

+  Lectures.  "Med.  Times  and  Gaz.,"  vol.  i.  1860,  pp.  288-361. 

$  "  Beitrage,"  Bd.  ii.  p.  205 ;  Hi.  1862,  p.  41  ;  iv.  1867,  Heft  2. 

§  "Physiologie,"  1859,  p.  393.         II  Virchow's  "  Archiv,"  Bd.  xxxvii.  and  xxxix 

U  Reichert  and  Dubois-Reymond's  "  Archiv,"  1866,  p.  339. 
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laryngeal  and  Fifth  as  sensory  nerves,  and  the  facial  as  a  motor  nerve, 
ie  fibres  of  the  latter  being  contained  in  the  chorda  tympani  nerve,  and 
roceeding  to  the  submaxillary  ganglion.    The  different  action  of  the 
mpatlietic  fibres,  and  of  those  coursing  in  the  chorda  tympani,  when 
imulated,  is  very  curious,  effecting  actually  a  change  in  the  character 
'  the  Saliva  secreted.    If  the  parts  are  cleanly  dissected  out,  the  glands 
ay  be  seen  at  rest,  secreting  little  or  no  saliva,  whilst  the  venous  blood 
•turning  from  them  is  of  a  dark  tint.    If  a  drop  of  vinegar  be  now 
aced  upon  the  tongue  of  the  animal,  the  arterial  twigs  supplying  the 
and  immediately  enlarge,  the  rapidity  of  the  current  of  blood  is  in- 
eased,  the  veins  pulsate  and  convey  scarlet  blood,  the  pressure  of  which 
1  their  inner  surface  is  considerably  increased,  and  an  abundant  dis- 
large  of  limpid  saliva  takes  place.  These  conditions  are  brought  about 
V  a  reflex  action  transmitted  through  the  sensory  branches  of  the  gusta 
ry  and  glosso-pharyngeal  nerves,  and  through  motor  nerves  contained 
.  the  chorda  tympani  and  primarily  derived  from  the  facial;  for  if 
ther  of  these  latter  nerves  be  cut,  the  current  of  blood  becomes  slower, 
i  colour  in  the  veins  black,  the  secretion  of  Saliva  diminishes,  and 
negar  placed  on  the  tongue  no  longer  excites  the  secretion ;  whilst,  if 
:eir  cut  extremities  be  again  irritated,  all  the  former  phenomena  recur, 
hat  the  secretion  does  not  wholly  cease  after  section  of  the  chorda  tym- 
mi,  is  believed  by  Bernard  to  be  due  to  the  reflex  action  of  the  sub- 
axillary  ganglion,  as  it  is  entirely  stopped  when  that  ganglion  is  also 
•moved ;  and  this  is  almost  the  only  instance  in  which  a  true  reflex 
:  tion  has  been  observed  in  a  ganglion  without  the  operation  of  the 
I  ain  and  spinal  cord.    In  such  case  the  fibres  of  the  gustatory  of  the 
:  th  must  transmit  the  impression  of  taste  to  the  ganglion,  from  whence 
Ijey  are  reflected  to  the  gland.    On  the  other  hand,  if  the  sympa- 
etic  branches  proceeding  to  these  glands  be  irritated,  the  current  of 
f  ood  becomes  very  slow,  in  consequence  of  the  contraction  of  the  vessels, 
6  colour  in  the  veins  very  dark,  and  the  secretion  of  Saliva,  whilst  it 
minishes  in  quantity,  becomes  at  the  same  time  remarkably  viscous, 
i  id  contains,  according  to  Eckhard,  a  remarkable  number  of  the  sarcode- 
:e  bodies  possessing  the  power  of  spontaneous  movement.  The  nervous 
J  fcle  stimulating  the  parotid  glands  to  activity  appears  to  be  completed 
If  the  sensory  fibres  of  the  Glosso-pharyngeal  and  gustatory  of  the  Fifth, 
nch  transmit  the  impressions  of  taste  to  the  Cerebro-spinal  nervous 
ntres,  from  whence  a  motor  impulse,  inducing  increased  secretory 
tivity,  is  reflected  through  the  facial  and  the  nervus  petrosus  superfi- 
ilis  minor  to  the  otic  ganglion,  and  from  thence  to  the  gland  through 
otor  fibres  contained  in  the  auriculotemporal  branch  of  the  fifth.  It 
I  possible  also  that  the  otic  ganglion  may  be  the  centre  of  reflexion 
I  thout  the  cerebro-spinal  centre  being  in  any  way  implicated,  the 
I  isory  impression  passing  by  the  Glosso-pharyngeal  and  the  nervus 
I  frosus  superficialis  minor,  and  being  reflected  at  the  ganglion  upon  the 
I  md  through  the  auriculo-temporal.    Eckhard,*  however,  maintains 
I  at  in  the  sheep  the  Parotid  glands  act  unintermittingly,  and  are  not 
I  Kler  the  influence  of  any  cerebral  nerve,  since  no  change  was  effected 
the  secretion  by  stimulation  of  the  fifth,  or  of  the  portio  dura  of  the 
I  'enth,  or  of  the  sympathetic  nerve.    Division  of  this  last  in  the  neck 

*  Henle  and  Pfcuffer,  "Zcits.,"  Bd.  xxix.  1867,  Heft  i.  p.  74. 
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was  also  devoid  of  influence,  and  no  increase  in  the  quantity  discharged 
was  produced  by  brushing  the  mucous  membrane  of  the  mouth  with 
vinegar.  Von  Wittich,*  on  the  other  hand,  considers  that  in  the  horse 
the  sympathetic  is  a  direct  agent  in  exalting  the  secretory  activity  of  the 
parotid  gland  by  acting  on  the  gland  cells  themselves,  a  view  that  is  sup- 
ported by  the  remarkable  observations  of  Pfluger,f  which,  from  their 
general  interest  in  reference  to  the  action  of  nerves  on  glands  and  on  thej 
act  of  secretion,  may  here  be  briefly  summed  up.  Pfliiger  believes  he 
has  been  able  to  follow  nerve-fibres  into  direct  continuity  with  the  cells 
lining  the  acini  and  ducts  of  the  salivary  glands,  and  describes  no  less 
than  four  modes  of  termination  (Fig.  46).    In  the  first,  the  nerve-fibre 

Fig.  46.  • 


Modes  of  Termination  of  the  Nervet  in  the  Salivary  Glands.  1  and 
2,  branching  of  the  nerves  between  the  salivary  cell-. ;  3,  termination 
of  the  nerve  in  the  nucleus;  4,  union  of  a  ganglion  cell  with  a  salivary 
cell ;  5,  varicose  nerve-fibres  entering  the  cylindrical  cells  of  the  ex- 
cretory duots. 


loses  its  sheath  as  it  passes  through  the  basement  membrane  of  the  acinus, 
with  which  it  becomes  continuous,  whilst  the  medulla  passes  on  between 
the  gland-cells  and  divides  into  finer  fibres,  each  of  which,  regaining  a 
sheath,  perforates  the  wall  of  one  of  the  secreting  cells  and  terminate 
in  the  nucleus.    In  the  second  mode,-  the  nerve-fibres,  which  probabl 
belong  to  the  sympathetic  system,  terminate  in  multipolar  ganglion  cell 
some  of  the  offsets  or  caudate  prolongations  of  which  in  like  manne 
penetrate  the  secreting  cells  and  terminate  in  the  nuclei.  In  the  third  mode, 
a  nerve-fibre,  invested  with  a  sheath  containing  nuclei,  within  which  ara 
numerous  varicose  axis  cylinders  covered  by  a  thin  layer  of  medullar)! 
substance,  terminates  peripherically  in  a  conical  enlargement,  which  hej 
terms  a  "protoplasma-foot  or  expansion,"  and  which  he  regards  as  a 
kind  of  intermediate  organ  between  the  nervous  and  glandular  substance 
Lastly,  he  has  observed  certain  nerve-fibres  distributed  to  the  cylindrica 
cells  lining  the  salivary  ducts.    The  attached  extremity  of  these  cells  is 
often  marked  with  longitudinal  stria?,  and  is  continued  for  some  distanct 

*  Virchow's  "  Archiv,"  1866,  Bd.  xxxvii.  p.  93.  , 
J  Pamphlet,  "  On  the  Terminations  of  the  decretory  Nerves  of  the  Salivary  Glands, 
1866  ;  and  "  Medicin.  Centralblatt,"  Nos.  10  and  14,  1866. 
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5  a  varicose  prolongation.  The  nerve-fibres  lie  beneath  the  basement 
lembrane,  and  form  exquisitely  fine  threads,  with  swellings  or  varicosi- 
es  upon  them,  which  he  has  been  able  to  trace  into  direct  continuity 
ith  the  above-mentioned  prolongations  of  the  epithelial  cells,  several 
issing  into  each  cell.  If  these  observations  are  confirmed  by  others, 
ie  mode  in  which  nervous  influence  may  be  exerted  in  modifying  secre- 
on  becomes  much  more  intelligible.  The  partial  independency  of 
icretory  activity  upon  increased  flow  of  blood  through  the  gland  is  well 
town  by  the  experiments  of  Giannuzzi,*  in  which  he  paralyzed  the 
■ands  by  the  injection  into  the  ducts  of  a  4-9  per  cent,  solution  of  car- 
Doate  of  soda,  or  a  0*5  per  cent,  solution  of  hydrochloric  acid.  On 
ten  stimulating  the  nerves,  all  the  ordinary  vascular  phenomena  made 
leir  appearance ;  but  no  increase  in  the  secretion  of  saliva  occurred, 
id  the  gland  soon  became  oedematous,  the  fluid  which  should  have  been 
sed  up  in  the  formation  of  saliva  accumulating  in  the  lymphatic 
-stem.  As  Eanke  remarks,!  this  experiment  shows  that  although  an 
oundant  supply  of  blood  most  undoubtedly  furnishes  abundant  material 
ir  secretion,  before  this  act  can  be  accomplished,  it  is  requisite  that 
>me  change  should  occur  in  the  gland-cells  themselves,  which  it  is  the 
>ecial  province  of  the  nervous  system  to  induce. 

100.  The  views  of  Heidenhain,  which  have  just  appeared,  differ  consi- 
3rably  from  those  of  previotis  writers.^    According  to  his  observations, 
hilst  in  some  animals,  as  the  rabbit,  the  cells  in  the  interior  of  the  alveoli 
?  the  submaxillary  gland  are  uniformly  soft,  finely  granular  masses  of 
ighly  albuminous  protoplasm,  easily  stained  with  carmine,  possessing 
nucleus,  but  destitute  of  a  cell-wall,  in  the  dog  and  in  man,  two  kinds 
f  cells  may  be  distinguished — a  peripheral  or  external  series,  which 
>rresponds  to  those  just  described,  and  a  central  set  proceeding  from 
lese,  which  have  undergone  development  or  metamorphosis  into  mucus- 
I  ;lls,  the  transparent  material  they  contain  being  precipitated  by  acetic 
cid,  and  remaining  untinted  in  solution  of  carmine,  whilst  they  further 
Her  from  the  former  in  possessing  a  well-defined  cell- wall  and  flattened 
ucleus.    The  results  of  irritation  applied  to  the  chorda  tympani  and 
:Tmpathetic  nerves  respectively  he  has  found  to  produce  an  increased 
nv  of  saliva,  which,  though  differing  in  some  minor  particulars,  is  yet 
i  both  instances  essentially  similar.     The  secretion  in  either  case 
Bcomes  more  watery  on  prolonged  irritation,  and  contains  a  larger 
.imber  of  salivary  corpuscles,  the  increase  being  most  marked  in  the 
ise  of  the  chorda  tympani.    He  considers  there  is  strong  evidence  that 
ntation  of  certain  nerves  may  induce  lively  cell-formation  and  meta- 
orphosis,  and  that  both  in  the  chorda  tympani  and  sympathetic  nerves, 
ores  exist  which  can  convey  impulses  occasioning  a  discharge  of  watery 
ud,  and  other  fibres  which  can  increase  the  excretion  of  mucin,  the 
1  tter  fibres  being  most  abundant  in  the  sympathetic,  and  the  former  in 
•e  chorda  tympani.    He  thinks  it  probable  that  both  of  these  fibres 
ay  stand  in  functional  relation  with  each  gland-cell,  but  he  has  been 
lable  to  substantiate  Pfl tiger's  statements  of  the  direct  continuity  of 
e  nerve-fibres  with  the  nuclei  of  the  cells. 

*  ','  Berichte  d.  k.  Sachs.  Gesellschaft.  d.  Wiss.,"  1865,  p.  68. 

*  «  Gr,u.ndzuSe  der  Physiologic,"  1868,  p.  181. 

bee  his  elaborate  essay  in  the  "  Studien  des  PhyBiolog.  Institutes  zu  Breslau," 
'  68,  pp.  1—124. 
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The  several  conditions  under  which  a  flow  of  saliva  may  be  made  to 
occur,  are — 1.  By  the  reflex  action  of  the  submaxillary  and  otic  ganglia, 
and  of  the  cerebro-spinal  centres,  excited  by  impressions  conveyed  through 
the  Glosso-pharyngeal  and  gustatory  of  the  Fifth,  and  taking  effect 
through  the  motor  branches  of  the  Facial,  running  in  the  chorda  tympani 
and  auriculo-temporal  nerves.  2.  By  calling  into  play  the  muscles  of 
Mastication,  the  effect  being  probably  due  to  coincident  excitation  of 
the  nerves  supplying  the  glands  with  those  distributed  to  the  muscles. 
3.  By  mental  stimuli,  as  by  the  sight  or  thought  of  sapid  food.  4.  By 
poisons  circulating  in  the  blood,  as  Camphor,  Woorara,  and  the  Salts 
of  Mercury.  5.  By  lesion  of  certain  parts  of  the  encephalon,  as  the 
floor  of  the  fourth  ventricle,  or  by  irritation  of  the  upper  extremity  of 
the  sympathetic  divided  in  the  neck. 

101.  On  its  entrance  into  the  Stomach,  the  food  is  subjected  to  the 
operation  of  the  Gastric  Juice,  which  is  secreted  by  the  follicles  in  its 
walls,  or  by  a  certain  part  of  them.  This  follicular  apparatus  is  ex- 
tremely extensive,  and  makes  up  the  chief  part  of  the  thickness  of  the 
gastric  mucous  membrane.  If  this  be  divided  by  a  section  perpendicular 
to  the  surface  (Fig.  47),  it  is  seen  to  be  almost  entirely  composed  of  a 


Fig.  47. 


Fig.  48. 


Vertical  section  of  the  Mucous  Mem- 
brane of  the  Stomach,  near  the  pylorus ; 
magnified  20  times. 


Capillary  network  of  the  lininp  membraiaj 
of  the  Stomach,  with  the  orifices  of  the  gastric 
follicles. 


multitude  of  parallel  tubuli  closely  applied  to  each  other,  their  caeca! 
•  xlremities  abutting  against  the  submucous  tissue,  which  here  contains 
a  considerable  quantity  of  the  unstriated  form  of  muscular  tissue  that 
constitutes  the  muscular  layer  of  the  submucous  tissue  of  KbUiker,  and 
their  open  ends  being  directed  towards  the  cavity  of  the  Stomach. 
Between  the  tubuli,  blood-vessels  pass-up  from  the  submucous  tissue, 
and  from  a  vascular  network  on  its  surface,  in  the  interspaces  of  which 
the  orifices  of  the  tubes  are  seen  (Fig.  48).  These  tubular  glands,  whose 
number  is  estimated  by  Sappey  at  nearly  five  millions,*  however,  have 
*  Hcnlc,  "Anatomie,"  1862,  p.  159. 
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,ot  everywhere  the  same  structure.  In  that  which  may  be  considered 
s  their  most  characteristic  form,  and  which  presents  itself  over  the 
•reater  part  of  the  area  of  the  membrane,  the  wide  open  orifice  leads  to 


Fig.  49. 


Fig.  50. 


Fig.  49-  Peptic  gastric  gland ; — a,  common  trunk ;  b,b, 
its  chief  branches;  c,  c,  terminal  casca  with  spheroidal 
gland-cells. 

Fig.  60.  Portions  of  one  of  the  ctecamore  highly  mag- 
nified, as  seen  longitudinally  (a),  and  in  transverse 
section  (b); — a,  basement  membrane;  b,  large  glan- 
dular cell;  c,  small  epithelium  cells  surrounding  the 
cavity. 


Fig.  51. 


pit  ot  no  great  depth  (Fig.  49,  a),  lined  by7  cylinder-epithelium  re- 
lbling  that  of  the  surface  with  which  it  is  con- 
iuous  ;  and  from  the  bottom  of  this  pit;  two  or 
tore  passages  (b,  b)  branch-off,  still  lined  by 
rlinder-epithelium,  which  speedily  subdivide  into 
ie  proper  glandular  caeca  (c,  c).  Each  of  these 
Bca,  when  sufficiently  magnified  (Fig.  50),  is 
>und  to  be  composed  of  a  delicate  basement- 
lembrane  (a),  inflected  over  a  series  of  nearly 
I  lobular  cells  (6),  which  occupy  almost  the  whole 
ivity  of  the  tube,  and  which  contain  a  finely- 
ranular  matter  ;  the  narrow  passage  left  vacant 
i  the  centre,  however,  is  still  surrounded  by  a 

yer  of  epithelial  cells  (c),  whose  small  size  is  in  j^jjgES  £HK 
riking  contrast  to  the  large  dimensions  of  the  rounded  by  fibrous  tissues; 
ind-cells.  When  a  transverse  section  is  made  ^r'^nlice8  ot  dmded  ^P'1- 
irough  a  cluster  of  casca  connected  with  a  single 

cternai  orifice,  they  are  found  to  be  held-together  in  a  bundle  (Fig.  51) 


Transverse  sectiou  passing 
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Fig.  52. 


by  the  interposition  of  areolar  tissue,  a  thicker  layer  of  which  surrounds 
the  whole  fasciculus,  and  isolates  it  from  others- 
whilst  between  the  caeca  are  observed  the  orifices 
(a,  a)  of  the  divided  capillary  vessels  which  pass-up 
amongst  them. — A  different  type  of  glandular  struc- 
ture frequently  presents  itself,  however,  especially 
near  the  pylorus ;  for  the  superficial  orifice  leads 
into  a  long  and  wide  follicle  (Fig.  52,  a),  fined 
with  cylinder-epithelium,  and  branching-out,  as  it 
approaches  the  submucous  tissue,  into  a  small 
number  of  short  follicles  Z»),  still  lined  by  an 
epithelium  of  the  same  kind.  Kblliker*  and  Goll 
have  clearly  shown  that  we  must  consider  the  first 
of  them  as  the  instrument  of  the  secretion  of  gastric 
fluid,  while  the  office  of  the  second  is  simply  to 
furnish  mucus  for  the  protection  of  the  membrane. 
For  in  the  Dog  and  Pig,  in  which  the  limitation  of 
the  two  kinds  of  glands  to  particular  regions  of  the 
stomach  (the  former  to  the  great  curvature  and  the 
middle  portion,  the  latter  to  the  pyloric  portion)  is 
well  marked,  it  has  been  found  that  only  the  follicles 
with  globular  cells  furnish  a  substance  possessing  a 
solvent  power  for  protein-compounds,  the  secretion 
of  the  follicles  fined  by  cylinder-epithelium  being 
destitute  of  this  property,  and  agreeing  Avith  ordinary 
Mucous  gastria  gland,  mucus,  f  According  to  M.  CI.  Bernard,  when  the 
Witwidylitd"kepitJheliui?t!  stomacn  *s  emPty>  tne  cylindrical  epithelium  which 
cieoal  appendages.  '  '  lines  them  completely  blocks-up  their  orifices,  so 
that  during  fasting  these  appear  as  slightly-prominent 
papilla  ;  but  when  the  secretion  of  gastric  fluid,  commences,  this  epithe- 
lium is  cast-forth  by  the  pressure  from  beneath. J  The  so-called 
lenticular  or  solitary  glands  are  found  scattered  here  and  there  in  the 

Fig.  53. 


Appearance  of  the  lining  membrane  of  the  Stomach,  in  an  injected  preparation :— a,  from  the 
convex  surface  of  the  rugae;—  B,  from  the  neighbourhood  of  the  pylorus,  where  the  onhoes 
of  the  gastric  follicles  occupy  the  interspaces  of  the  deepest  portions  of  the  vascular  networK. 

*  "  Mikroskop.  Anat."  1860,  p.  321.  , 
t  The  best  accounts  of  the  structure  of  the  mucous  membrane  of  the  stomacn,  »« 
of  the  gastric  glands,  are  given  by  Messrs.  Todd  and  Bowman,  "  Physiological  Ana- 
tomy," vol.  ii.  pp.  190  et  se.q.;  by  Prof.  Kolliker,  "  Mikros.  Anat.,"  JBd.  n.  §  lbd  , 
Dr.  Brinton,  in  the  Supp.  to  the  "Cyc.  Anat.  andPhys.,;"  and  in  "  Med.-Chir.  Rev, 
July,  1862,  p.  189.  t  "Gazette  Mcdicale,"  Mars,  1844. 
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substance  of  the  mucous  membrane,  and  present  a  close  analogy  to  those 
found  in  the  small  intestine.  The  interior  surface  of  the  stomach, 
:hrown  by  contraction  when  the  viscus  is  empty  into  irregular  folds  or 
.-ugffi  (Fig.  53  a),  presents  throughout  the  greater  part  of  its  extent, 
md  especially  near  the  Pylorus,  small  vascular  processes  or  prolonga- 
ions  of  the  mucous  membrane  (b),#  resembling  the  villi  of  the  small 
ntestine,  of  which  they  must  be  considered  as  the  rudimentary  con- 
lition,  but  differing  essentially  from  them  in  the  circumstance  that  they 
jontain  no  lacteal  vessels.  The  lymphatics  of  the  stomach  are  stated  by 
reichmann'j'  to  form  two  layers,  a  superficial  and  close  network  sur- 
•ounding  the  csecal  extremities  of  the  peptic  glands,  and  a  deeper  layer 
vith  larger  meshes  lying  in  the  submucous  areolar  tissue,  and  separated 
rom  the  first  by  the  thin  stratum  of  involuntary  muscular  fibre,  de- 
scribed by  Briicke  as  the  muscular  layer  of  the  mucous  membrane, 
hrough  which  many  vessels  connecting  the  two  strata  pass. 

102.  The  nature  and  composition  of  the  Gastric  Juice  which  is  secreted 
md  poured  forth  by  the  peptic  follicles,  have  been  the  subjects  of  much 
liscussion  among  Chemists ;  and  though  certain  points  may  be  consi- 
lered  as  satisfactorily  determined,  there  are  others  which  still  remain 
loubtful.  This  liquid,  when  obtained  without  admixture  with  saliva, 
s  clear,  transparent,  colourless  or  slightly  yellow,  and  has  very  little 
-iscidity.  Microscopic  examination  indicates  the  persistence  of  a  few 
•f  the  cells  exuviated  from  the  interior  of  the  gastric  follicles ;  but  these 
or  the  most  part  leave  no  other  traces  than  their  nuclei  and  a  fine  mole- 
ular  matter  arising  from  their  disintegration.  The  proportion  of  solid 
natter  which  the  Gastric  Juice  contains,  and  the  proportion  which  its 
hief  organic  constituent — the  pepsin,  or  '  gastric  ferment' — bears  to  the 
^organic  residue,  seem  to  vary  greatly  in  different  animals.  The  fol- 
ding table  shows  the  composition  of  the  Gastric  Juice  as  obtained 
*om  the  best  analyses  in  man  and  some  animals :  \ — 


Man, 
mixed  with 

Saliva. 
C.  Schmidt. 

Bog.    C.  Schmidt. 

i 

Sheep. 
Schmidt. 

Hone. 
Frerichs. 

y  

Without 
saliva. 

With 
saliva. 

Water  . 

Solid  residue    .    .  '  .    .  . 

994-40 
5-60 

973-0 
27-0 

971-2 
28-8 

986-15 
13-85 

982-8 
17-2 

Organic  matters  ) 
r  (Ferment :  Pepsin)  \     '  ' 
norganic  matters— 

Chloride  of  sodium    .    .  . 

Chloride  of  potassium    .  . 

Chloride  of  calcium   .    .  . 

Chloride  of  ammonium  .  . 

Free  hydrochloric  acid  .  . 

Phosphate  of  lime  ) 

Phosphate  of  magnesia  >  . 

Phosphate  of  iron  ) 
-  — — —  ,  

3-19 

1-46 
0-55 
0  06 

0-20 

0-12 

17-1 

25 
11 
06 

0-  5 
3-1 

1-  7 
0-2 
0  1 

17-3 

31 
1-1 

1-  7 

0-5 

2-  3 
2-3 
03 
01 

405 

4-36 
1-52 
011 

0-  47 

1-  23 
1-18 
0-57 
033 

9-8 

\ 

-  7-4 

This  fact  was  first  brought  into  prominent  notice  by  Dr.  Neill,  in  his  Memoir 
>n  the  Structure  of  the  Mucous  Membrane  of  the  Human  Stomach,'  in  the  "  Amer. 
mm.  of  Med.  Sci.,"  Jan.  1851 .  +  "  Das  Saugader  System,"  1861,  p.  76. 

+  v.  Gorup-Besanez,  "Phys.  Chem  ,"  1862,  p.  460. 
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103.  The  most  characteristic  feature  of  the  Gastric  Juice  is  its  decided 
acidity,  which  is  very  perceptible  to  the  taste,  and  is  constant  through- 
out the  animal  kingdom.  With  regard  to  the  nature  of  the  acid,  how- 
ever, there  has  been  much  discrepancy  of  opinion  amongst  Chemists; 
for  simple  as  the  problem  of  its  determination  might  seem,  yet  it  is 
complicated  by  the  very  peculiar  property  which  lactic  acid  possesses, 
of  decomposing  the  alkaline  chlorides  at  a  certain  elevation  of  tempera- 
ture, the  degree  being  partly  determined  by  the  strength  of  the  solution. 
Hence,  supposing  lactic  acid  to  be  present  in  the  stomach  with  chloride 
of  sodium,  the  fluid  which  passes  over  by  distillation  will  at  first  be 
destitute  of  hydrochloric  acid ;  but,  as  the  liquor  becomes  more  concen- 
trated, and  the  temperature  rises,  hydrochloric  acid  will  appear.  This, 
it  has  been  alleged  by  Bernard  and  other  Chemists,  is  the  true  source 
of  the  hydrochloric  acid  which  may  be  always  obtained  from  the  gastric 
juice  by  this  method ;  and  it  is  affirmed  by  them  that  lactic  acid  is  the 
real  agent  in  the  solvent  process  to  which  that  fluid  is  subservient,  the 
presence  of  free  lactic  acid  in  the  stomach  having  been  determined  by 
other  means.  In  like  manner,  Dr.  P.  G.  Smith,*  on  examining  the 
contents  of  the  stomach  of  Alexis  St.  Martin,  two-and-a-half  hours  after 
a  small  quantity  of  bread  had  been  eaten,  obtained  evidence  of  the  pre- 
sence of  lactic,  and  of  the  absence  of  all  but  the  slightest  trace  of  hy- 
drochloric acid.  On  the  other  hand,  the  great  readiness  with  which 
hydrochloric  acid  was  obtained  many  years  ago  by  Prof.  Dunglison 
from  the  pure  gastric  fluid  drawn  from  the  stomach  of  Alexis  St.  Martin, 
and  the  fact  that  the  smell  of  hydrochloric  acid  may  be  distinctly  re- 
cognised in  the  fresh  juice,-!"  are  strong  evidences  in  favour  of  the  belief 
that  (as  originally  maintained  by  Dr.  Prout)  free  hydrochloric  acid  is 
present  in  this  fluid,  and  that  it  is  the  principal,  if  not  the  only,  source 
of  its  acidity.  And  an  opportunity  having  been  afforded  to  Dr.  Bence 
Jones,  of  obtaining  a  fluid  continually  vomited  in  large  quantities  from 
the  stomach  of  a  patient  affected  with  Sarcina  ventriculi,  and  this  fluid, 
which  presented  all  the  ostensible  characters  of  gastric  juice,  having 
been  placed  in  the  hands  of  Prof.  Graham  for  examination,  this  distin- 
guished Chemist  has  succeeded  in  separating  hydrochloric  acid  from  it 
by  his  method  of  '  liquid  diffusion,'  which  is  not  open  to  the  objection 
that  applies  to  distillation ;  and  although  he  has  found  free  lactic  acid  to 
be  also  present,  its  quantity  is  comparatively  small.J  It  appears,  then, 
to  be  a  reasonable  conclusion,  that  whilst  hydrochloric  acid  is  originally 
poured-forth,  and  is  therefore  the  acid  obtained  by  those  experimenters, 
who  have  employed  mechanical  irritation  to  the  empty  stomachs  ;  other 
acids,  as  the  lactic,  butyric,  or  even  acetic,  may  be  formed  during  diges- 
tion, and  may  thus  have  been  obtained  by  those  who  have  examined 
the  contents  of  the  stomach  only  during  or  towards  the  close  of  that 
process.    Allowance  must  also  be  made  for  differences  existing  in  du- 

*  "  Experim.  upon  Digestion,"  Philadelphia,  1856. 

f  See  Prof.  Dunglison's  "  Human  Physiology,"  7th  edit.,  vol.  i.  pp.  535-6. 

X  For  his  knowledge  of  this  fact,  the  Author  is  indebted  to  Prof.  Graham.— Tuw 
hydrochloric  acid  is  the  source  of  the  acidity  of  the  gastric  juice  has  also  been  main- 
tained by  Enderlin  (Canstatt's  "  Jahresbcncht,-'  J  843,  p.  149),  and  recently  by 
Hubbenet  ("  Disquisitiones  de  Succo  Gastrico,"  Diss,  inaug.,  Dorpat,  1850),  by  Bidder 
and  Schmidt  ("  Die  Verdauungssaette  und  cler  Stofl'wechsel"),  and  by  Gruenewaiai 
and  Schroeder  in  their  Theses  on  this  subject. 
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.rent  animals,  and  perhaps  also  at  different  ages,  since  M.  Wasmann 
as  remarked  that  the  pepsin  of  the  stomach  of  the  pig  is  entirely  desti- 
ite  of  the  power  to  coagulate  milk,  although  the  pepsin  of  the  stomach 
the  calf  possesses  it  in  a  very  high  degree ;  from  which  he  is  led  to 
ppose  that  the  power  of  the  latter  depends  upon  a  particular  modifica- 
on  of  pepsin,  or  perhaps  upon  another  substance  accompanying  it, 
hich  ceases  to  be  formed  when  the  young  animal  is  no  longer  nourished 
y  the  milk  of  its  mother.* 
104.  The  peculiar  organic  '  ferment'  of  the  Gastric  juice,  to  which  the 
me  of  Pepsin  (§  51)  has  been  given,  appears  from  the  investigations 
f  Briicke,f  Bernard,;};  and  Schiff,§  to  be  secreted  and  stored  up  in  the 
lis  of  the  stomach  in  a  neutral  state  during  the  intervals  of  digestion, 
d  to  be  only  mingled  with  the  acid  at  the  moment  of  discharge, 
riicke  noticed,  that  if  the  stomach  of  an  animal  were  thoroughly 
ashed  with  water  till  all  trace  of  acidity  was  removed,  a  fresh  portion 
f  pepsin,  possessing  a  perfectly  neutral  reaction,  could  be  obtained  on 
:ther  maceration ;  and  Bernard  found  that  on  injecting  successively 
ctate  of  iron  and  ferrocyanide  of  potassium  into  the  jugular  vein  of  a 
bbit,  no  blue  discoloration  of  the  blood,  secretions  or  tissues  generally 
as  observable  on  account  of  their  alkaline  reaction,  though  this  could 
3  immediately  produced  by  the  addition  of  sulphuric  or  other  acid, 
n  examining  the  stomach,  however,  he  found  that  whilst  the  gastric 
Hides  were  free  from  colour,  the  surface  of  the  mucous  membrane  was 
Drmly  tinted.    From  these  experiments,  the  inference  may  be  fairly 
awn  that  the  pepsin  of  the  gastric  juice  is  secreted  by  the  cells  lining 
le  gastric  follicles,  whilst  the  acid  is  formed,  or  at  least  excreted,  by 
ie  most  superficial  cellular  layers  of  the  mucous  membrane.  Schiff 
nsiders  that,  as  in  the  case  of  the  Pancreas,  a  kind  of  "charging"  of 
.e  glandular  follicles  occurs  during  the  intervals  of  digestion,  the 
jpsin  being  derived  from  certain  peptogenic  materials  in  the  blood 
ipplied  by  the  previous  digestion  of  albuminous  compounds,  or  of 
xtrine.    The  solvent  power  of  the  gastric  juice  in  the  living  body  is 
cult  to  determine,  since  it  differs  with  the  animal  and  with  the 
iture  of  the  food.    The  gastric  juice  of  Carnivora  is  the  most  active, 
en  that  of  Herbivora,  whilst  that  of  man  appears  to  be  comparatively 
hie  ;  and  in  this  point,  therefore,  he  appears  to  be  most  closely  allied  to 
e  Herbivora.    Lehmann  and  Corvisart  estimated  that  on  the  average 
ozs.  of  the  gastric  juice  of  the  dog  were  required  to  dissolve  1  oz.  of 
lated  albumen ;  but  M.  Koopmans||  showed  that  whilst  the  strongly 
gastric  juice  of  the  Carnivora  was  best  adapted  for  the  solution  of 
mal  albumen,  the  weakly  acid  gastric  juice  of  the  Herbivora  was  far 
ore  efficacious  in  dissolving  vegetable  albumen  or  gluten.  When 
rm  or  other  albuminous  compound  is  acted  on  by  artificial  gastric 
ice,  it  swells  up,  and,  according  to  Brlicke,  becomes  converted  into  a 
bstance  identical  with  syntonin  (§  50),  which  is  gradually  changed  into 
ptone,  and  subsequently  undergoes  solution.    Meissner's  description 
the  process  is  more  complicated.    He  considers  the  first  product  of 

*  See  Prof.  Graham's  "Elements  of  Chemistry,"  pp.  1031-1033. 
t  "Sit/-,  d.  k.  Akad.  d.  Wissensch.  zu  Wien/  1859,  p.  131,  and  1861,  p.  601. 
"  Lemons,"  1859,  p.  376.  §  "  Canestrini's  Archiv,"  vol.  iv.  1866,  p.  29f 

||  "Nederland.  Lancet,"  t.  v.  1856. 
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the  artificial  digestion  of  fibrin  to  be  a  substance  insoluble  in  water, 
which  soon  splits  up  into  parapeptone  and  into  peptone  (of  which  last  he 
recognises  three  modifications,  termed  respectively,  a,  b,  and  c  peptone) ; 
small  quantities  of  dyspeptone,  and  of  metapeptone,  are  also  occasionally 
found.  All  these  substances  are  distinguished  from  one  another  by  their 
relative  solubility  in  acids  or  in  neutral  solutions,  and  their  precipitability 
by  nitric  acid  and  ferrocyanide  of  potassium.  100  parts  of  coagulated  white 
of  egg  yields,  on  digestion,  about  25  parts  of  parapeptone  and  50  parts 
of  peptone,  the  remainder  consisting  of  so-called  extractive  substances ; 
100  parts  of  casein,  or  the  albuminous  compound  contained  in  milk,  yields 
78  parts  of  peptone  and  metapeptone,  2  parts  of  parapeptone,  and  20  parts 
of  dyspeptone,  and  constitutes  a  very  easily  digestible  form  of  albumen. 
Disregarding  the  intermediate  and  but  slightly  differing  modifications 
of  the  albuminous  compounds  produced  by  digestion,  and  termed  para- 
peptone, metapeptone,  dyspeptone,  and  a,  b,  and  c  peptones,  the  charac- 
ters of  the  terminal  or  true  peptone  may  here  be  briefly  described  as 
given  by  Klihne.*  Peptone  results  from  the  prolonged  action  of  the 
gastric  juice  on  any  of  the  forms  of  albumen.  Its  composition  is  iden- 
tical with  that  of  white  of  egg ;  it  is  soluble  in  water,  and  is  precipitated 
from  its  strongly  concentrated  neutral  solution  by  absolute  alcohol  in 
greyish-white  flocculi,  which  are  again' soluble  in  diluted  alcohol.  It 
is  also  precipitated  by  chlorine,  iodine,  chloride  and  nitrate  of  mercury, 
and  nitrate  of  silver ;  but,  and  in  this  respect  it  differs  from  albumen,  it 
is  not  precipitated  at  a  boiling  heat,  nor  by  sulphate  of  copper,  chloride 
of  iron,  nor  by  moderately  concentrated  mineral  acids.  It  is  coloured 
red  by  a  mixture  of  the  proto-  and  per-nitrate  of  mercury  (Millon's  re- 
agent), violet  with  oxide  of  copper  and  potash,  and  yellow  with  nitric 
acid.  It  diffuses  with  remarkable  facility  through  animal  membranes, 
presenting  in  this  respect  a  strong  contrast  to  albumen.  The  osmotic 
equivalent  of  albumen  may  be  estimated  at  100 — that  is,  it  will  not  pass 
through  animal  membranes  at  all ;  whilst  the  osmotic  equivalent  of  a 
2-9  per  cent,  solution  of  peptone  is  from  7"1  to  9*9.  All  peptones  rotate 
the  plane  of  polarized  light  to  the  left.  It  is  remarkable  that  protracted 
boiling  in  water,  and  also  exposure  to  the  action  of  ozone,  produce 
metamorphoses  on  albuminous  compounds  analogous  to  those  effected 
by  the  act  of  digestion.  Gelatine  and  gelatine-yielding  tissues,  as  con- 
nective tissue,  tendons,  ligaments,  &c,  are  only  slowly  acted  on  by  the 
gastric  juice,  the  fluid  resulting  from  their  solution  retaining  for  some 
time  its  power  of  solidifying;  ultimately,  however,  it  is  reduced  to  a 
syrupy  fluid,  the  osmotic  powers  of  which  are  somewhat  increased.! 
From  the  experiments  of  Dr.  Smith  on  Alexis  St.  Martin,  it  appears  I 
probable  that  the  conversion  of  starch  or  dextrine  into  glycose  may  be 
effected  in  the  stomach  to  some  extent,  since  evidence  of  the  presence  of 
grape  sugar  was  found  an  hour  and  a  half  after  bread  and  water  had 
been  introduced  through  the  fistulous  orifice,  the  man  carefully  avoiding 
to  swallow  his  saliva  during  that  period.  There  seems  also  to  be  good 
evidence  that  cane  sugar  may  be  converted  into  grape  sugar.  In  both  I 
instances  the  active  agent  is  probably  the  mucus  of  the  stomach.    It  has  I 

*  "Physiol.  Chemie,"  p.  48,  1868.  _  I 

t  See  Henle  and  Meissner,  "Bericht,"  1860,  p.  269;  and  Henle  and  Pfeuffcrs 
"Zeitschrift,"  Bd.  xiv.  1862,  p.  303. 
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;en  noticed  by  Hoppe-Seyler,  that  when  large  quantities  of  cane-sugar 
e  taken,  a  condition  of  gastric  catarrh,  attended  with  the  secretion  of 
uch  mucus,  is  induced,  and  that  the  cane-sugar  then  undergoes,  pro- 
ibly  in  consequence  of  its  rapid  transformation  into  grape-sugar, 
eedy  absorption.  Oleaginous  substances  appear  to  be  merely  liquefied 
:d  finely  divided,  in  which  state  they  are  diffused  through  the  pulpy 
yme.  In  numerous  experiments  performed  by  Briicke,  it  was  observed 
at  whilst  an  artificial  gastric  juice  containing  0*1  per  cent,  of  acid 
•is  the  most  advantageous  for  the  digestion  of  fibrin,  an  acid  of  double 
at  strength,  or  0'2  per  cent.,  was  best  adapted  to  effect  the  rapid  solu- 
m  of  coagulated  albumen.  From  these  experiments  we  may  draw 
e  conclusion  that,  in  enfeebled  conditions  of  the  stomach,  preparations 
i  gluten  should  be  administered  instead  of  the  albuminous  compounds 
animal  origin ;  and  they  may  serve  to  explain  the  advantage  resulting 
>m  the  employment  of  uncooked  meat  in  the  wasting  diseases  or 
lildren. 

105.  It  is  only  when  either  alimentary  or  some  other  substances 
Dable  of  exciting  irritation,  are  present  in  the  stomach,  that  the 
'.stric  juice  is  poured  forth.  So  long  as  it  is  empty,  the  secretion 
<ich  moistens  its  walls  is  neutral  or  even  alkaline ;  but  as  soon  as  food 
taken,  acid  is  poured  forth,  and  this  in  increasing  quantities,  until  a 
■tain  time  after  the  commencement  of  the  digestive  process,  when  the 
i;  dity  of  the  stomach  is  at  its  maximum.  In  proportion  as  the  alimen- 
l  y  matter  is  dissolved,  however,  and  is  either  at  once  absorbed,  or 
^:apes  through  the  pyloric  orifice,  the  acidity  of  the  stomach  diminishes; 
[  1  as  soon  as  its  cavity  is  emptied,  the  secretion  of  its  walls  is  neutral 
[iin.*  The  circumstance  that  the  stomach  does  not  itself  undergo 
kestion,  even  when  that  process  is  being  actively  performed  on  its 
Stents,  is  of  considerable  interest,  and  must  be  attributed  to  the 
I  uration  of  the  whole  mucous  membrane  with  blood  containing  a  large 
I  >portion  of  alkaline  salts,  for  it  has  been  shown  by  Dr.  Pavy,  that  if 
hi  or  two  vessels  of  the  stomach  be  tied,  the  parts  thus  deprived  of  the 
|  ;ulation  of  the  blood  rapidly  undergo  digestion,  and  perforating 
I:  ers  occur,  precisely  analogous  to  those  described  by  Hunter  as  seen 
libhe  bodies  of  men  killed  by  accident  during  the  digestion  of  a  full 
lal.  It  must  be  remembered,  also,  that  the  pepsin  present  in  the 
|  ads  of  the  stomach  is  inoperative  till  it  has  mingled  with  the  acid 
I  reted  on  the  surface.  It  is  difficult  to  give  even  an  approximative 
I  mate  of  the  quantity  of  fluid  poured-forth  from  the  walls  of  the 
l  aiach,  since  it  is  certain  that  it  varies  considerably,  according  to  the 
I  ure  of  the  substances  ingested.  Corvisart,  from  experiments  on 
I  :s,f  estimates  it  at  about  l-20th  of  the  weight  of  the  animal  per  diem ; 
I  rley,J  at  l-15th;  Lehmann,  at  l-10th;  whilst  Gruenewaldt  obtained 
I  rly  |  lb.  avoird.  from  a  woman  of  1 1 6  lbs.  weight,  with  a  gastric 
I  ala,  in  15  minutes  ;§  and  Schmidt  gives  as  the  mean  of  experiments 
I  the  same  woman,  580  grains  hourly,  or  30*8  lbs.  av.  of  gastric  juice 
I  diem.  || 

*  Seo  Dr.  Bence  Jones,  in  the  "Medical  Times,"  June  14,  1852. 

+  Longet,  "  Physiologie,"  1861,  p.  183,  vol.  i. 

X  "  Med.-Chir.  Review,"  I860,  p.  211. 

§  Quoted  by  M.  Edwards,  "  Lecons,"  t.  vii.  1862,  p.  24.  ^ 

||  "  Annal.  der  Chemie,"  von  Liebig  und  Wbhler,  vol.  xcii.  p.  42. 
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106.  A  very  important  series  of  observations  on  the  conditions  under 
which  the  gastric  juice  is  secreted,  was  made  some  years  since  by  Dr. 
Beaumont,  in  the  remarkable  case  of  Alexis  St.  Martin,  already  several 
times  referred  to.*  "  The  inner  coat  of  the  stomach  (as  seen  through 
the  fistulous  orifice)  in  its  natural  and  healthy  state,  is  of  a  light  or  pale 
pink  colour,  varying  in  its  hues  according  to  its  full  or  empty  stal 
It  is  of  a  soft  or  velvet-like  appearance,  and  is  constantly  covered 
a  very  thin,  transparent  viscid  mucus,  lining  the  whole  interior  of  t 
organ.  By  applying  aliment  or  other  irritants  to  the  internal  coat 
the  stomach,  and  observing  the  effect  through  a  magnifying  glass,  inn 
merable  lucid  points,  and  very  fine  [nervous  or  vascular]  papilla?  can 
be  seen  arising  from  the  villous  membrane,  and  protruding  through  the 
mucous  coat,  from  which  distils  a  pure,  limpid,  colourless,  slightly  viscid 
fluid."  (The  papilla?  here  described  appear  to  be  the  orifices  of  the 
gastric  follicles,  which  are  usually  closed  by  their  epithelial  cells  during 
fasting,  and  which  would  seem  to  become  prominent  when  the  vis  a  tergo 
of  the  secreted  fluid  first  causes  this  plug  of  cells  to  be  cast  forth.) 
"  The  fluid  thus  excited  is  invariably  distinctly  acid.  The  mucus  of  the 
stomach  is  less  fluid,  more  viscid  or  albuminous,  semi-opaque,  some- 
times a  little  saltish,  and  does  not  possess  the  slightest  character  of 
acidity.  The  gastric  fluid  never  appears  to  be  accumulated  in  the 
cavity  of  the  stomach  while  fasting;  and  is  seldom,  if  ever,  discharged 
from  its  proper  secerning  vessels,  except  when  excited  by  the  natural 
stimulus  of  aliment,  mechanical  irritation  of  tubes,  or  other  excitants.  I 
When  aliment  is  received,  the  juice  is  given  out  in  exact  proportion  to 
its  requirements  for  solution,  except  when  more  food  has  been  taken 
than  is  necessary  for  the  wants  of  the  system."  The  observations  of  Dr.  I 
Beaumont  have  been  confirmed  by  those  of  M.  Blondlotf  and  of  M.  CI.  I 
Bernard,!  which  were  made  upon  dogs  in  whose  stomachs  fistulous  open- j 
ings  were  maintained  for  a  length  of  time.  They  found  that  the  flowl 
of  gastric  fluid  is  more  excited  by  pepper,  salt,  and  soluble  stimulants,  I 
than  it  is  by  mechanical  irritation  ;  and  that  if  mechanical  irritation  be  I 
carried  beyond  certain  limits,  so  as  to  produce  pain,  the  secretion,! 
instead  of  being  more  abundant,  diminishes  or  ceases  entirely  ;  whilst  al 
ropy  mucus  is  poured-out  instead,  and  the  movements  of  the  stomachl 
are  considerably  increased.  The  animal  at  the  same  time  appears  ill  atj 
ease,  is  agitated,  has  nausea,  and,  if  the  irritation  be  continued,  actual!' 
vomiting ;  and  bile  has  been  observed  to  flow  into  the  stomach,  andli 
escape  by  the  fistulous  opening.  Similar  disorders  of  the  functions  ofj 
the  stomach  result  from  violent  pain  in  other  parts  of  the  body ;  the 
process  of  digestion  in  such  cases  being  suspended,  and  sometimes  vomit- 
ing excited.  When  acidulated  substances,  as  food  rendered  acid  by  the  p 
addition  of  a  little  vinegar,  were  introduced  into  the  stomach,  the  quan 
tity  of  gastric  fluid  poured-out  was  much  smaller,  and  the  digestive 
process  consequently  slower,  than  when  similar  food,  rendered  alkaline, 
by  a  weak  solution  of  carbonate  of  soda,  was  introduced.  If,  however.j> 
instead  of  a  weak  solution,  carbonate  of  soda  in  crystal  or  in  powdeij* 

*  See  Dr.  Beaumont's  "  Experiments  and  Observations  on  the  Gastric  Juice  iinH  tl)< 
Physiology  of  Digestion,"  reprinted  with  Notes  by  Dr.  Andrew  Combe,  Edinb.,  1838 
f  "  Traits'  Analytique  de  la  Digestion." 
1  "  Archiv.  dAnat.  Gen.  et  de  Physiol,"  Jan.  1846. 
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as  introduced  into  the  stomach,  a  large  quantity  of  mucus  and  bile, 
stead  of  gastric  fluid,  flowed  into  the  stomach,  and  vomiting  and  purg- 
g  very  often  followed.    When  very  cold  water,  or  small  pieces  of  ice, 
jre  introduced  into  the  stomach,  the  mucous  membrane  was  at  first 
ndered  very  pallid ;  but  soon  a  kind  of  reaction  followed,  the  mem- 
ane  became  turgid  with  blood,  and  a  large  quantity  of  gastric  fluid 
secreted.    If,  however,  too  much  ice  was  employed,  the  animal  ap- 
ared  ill,  and  shivered ;  and  digestion,  instead  of  being  rendered  more 
tive,  was  retarded.    Moderate  heat,  applied  to  the  mucous  surface  of 
e  stomach,  appeared  to  have  no  particular  action  on  digestion  ;  but  a 
h  degree  of  heat  produced  most  serious  consequences.    Thus,  the  in- 
duction of  a  little  boiling  water  threw  the  animal  at  once  into  a  kind 
.  adynamic  state,  which  was  followed  by  death  in  three  or  four  hours ; 
e  mucous  membrane  of  the  stomach  was  found  red  and  swollen,  whilst 
i  abundant  exudation  of  blackish  blood  had  taken  place  into  the  cavity 
•  the  organ.    Similar  injurious  effects  resulted,  in  a  greater  or  less 
ree,  from  the  introduction  of  other  irritants,  such  as  nitrate  of  silver 
ammonia ;  the  digestive  functions  being  at  once  abolished,  and  the 
cous  surface  of  the  organ  rendered  highly  sensitive. 
107.  That  the  quantity  of  the  Gastric  Juice  secreted  from  the  walls  of 
B  stomach  depends  rather  upon  the  general  requirements  of  the  system, 
n  upon  the  quantity  of  food  introduced  into  the  digestive  cavity,  is  a 
ciple  of  the  highest  practical  importance,  and  cannot  be  too  steadily 
t  in  view  in  Dietetics.    A  definite  proportion  only  of  aliment  can  be 
'ectly  digested  in  a  given  quantity  of  the  fluid ;  the  action  of  which, 
e  other  chemical  operations,  ceases  after  having  been  exercised  on  a 
d  and  definite  amount  of  matter.   The  cessation  of  the  action  is  due, 
ever,  not  to  the  pepsine  losing  its  solvent  power,  since  it  is  of 
t  nature  of  a  ferment,  and  a  comparatively  minute  proportion  will 
tvert  an  indefinite  quantity  of  albumen  or  fibrin  into  peptone,  but 
her  to  the  presence  of  a  great  excess  of  the  dissolved  peptone  inter  - 
ing  with  further  action,  just  as  the  presence  of  alcohol  or  lactic  acid 
'arge  quantity  interferes  with  those  processes  of  fermentation  in  which 
se  substances  are  respectively  formed ;  in  accordance  with  this,  it  is 
d  that  when  the  gastric  juice  is  saturated  with  peptone  and  refuses 
3solve  more,  the  addition  of  a  little  diluted  acid  will  immediately 
ble  it  to  effect  the  conversion  of  a  fresh  portion  of  albumen.  Never- 
less,  the  statement  of  Dr.  Beaumont  is  perfectly  true  as  regards  the 
ig  subject,  that  "  When  the  juice  has  become  saturated,  it  refuses 
ssolve  more ;  and,  if  an  excess  of  food  has  been  taken,  the  residue 
ma  in  the  stomach,  or  passes  into  the  bowels  in  a  crude  state,  and 
■omes  a  source  of  nervous  irritation,  pain,  and  disease,  for  a  long 
e. '    The  unfavourable  effect  of  an  undue  burthen  of  food  upon  the 
mach  itself,  interferes  with  its  healthy  action ;  and  thus  the  quantity 
Uy  appropriate  is  not  dissolved.    The  febrile  disturbance  is  thus  in- 
ed;  and  the  mucous  membrane  of  the  stomach  exhibits  evident 
cations  of  its  morbid  condition.    The  description  of  these  indications 
en  by  Dr.  Beaumont,  is  peculiarly  graphic,  as  well  as  hygienically 
>ortant.    "  In  disease,  or  partial  derangement  of  the  healthy  function, 
mucous  membrane  presents  various  and  essentially  different  appear - 
es.    In  febrile  conditions  of  the  system,  occasioned  by  whatever 
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cause,— obstructed   perspiration,  undue    excitement  by  stimulating 
liquors,  overloading  the  stomach,  with  food,  fear,  anger,  or  whatever 
depresses  or  disturbs  the  nervous  system, — the  villous  coat  becomes 
sometimes  red  and  dry,  at  other  times  pale  and  moist,  and  loses  its 
smooth  and  healthy  appearance ;  the  secretions  become  vitiated,  greatly 
diminished,  or  even  suppressed  ;  the  coat  of  mucus  scarcely  perceptible, 
the  follicles  flat  and  flaccid,  with  secretions  insufficient  to  prevent  the 
papillae  from  irritation.    There  are  sometimes  found,  on  the  internal 
coat  of  the  stomach,  eruptions  of  deep-red  pimples,  not  numerous,  hut  j 
distributed  here  and  there  upon  the  villous  membrane,  rising  above  the 
surface  of  the  mucous  coat.    These  are  at  first  sharp  -pointed,  and  red, 
but  frequently  become  filled  with  white  purulent  matter.    At  other 
times,  irregular,  circumscribed  red  patches,  varying  in  size  and  extent  j 
from  half  an  inch  to  an  inch  and  a  half  in  circumference,  are  found  on  J 
the  internal  coat.    These  appear  to  be  the  effects  of  congestion  in  the  j 
minute  blood-vessels  of  the  stomach.    There  are  also  seen  at  times  small  I 
aphthous  crusts,  in  connexion  with  these  red  patches.    Abrasion  of  the  | 
lining  membrane,  like  the  rolling-up  of  the  mucous  coat  into  small  1 
shreds  or  strings,  leaving  the  papillae  bare  for  an  indefinite  space,  is  not  | 
an  uncommon  appearance.     These  diseased  appearances,  when  very 
slight,  do  not  always  affect  essentially  the  gastric  apparatus.  When 
considerable,  and  particularly  when  there  are  corresponding  symptoms 
of  disease, — as  dryness  of  the  mouth,  thirst,  accelerated  pulse,  &c. — no 
gastric  juice  can  be  extracted  by  the  alimentary  stimulus.    Drinks  are 
immediately  absorbed  or  otherwise  disposed-  of ;  but  food  taken  in  this 
condition  of  the  stomach  remains  undigested  for  twenty-four  or  forty- 
eight  hours,  or  more,  increasing  the  derangement  of  the  alimentary 
canal,  and  aggravating  the  general  symptoms  of  disease.  After  excessive! 
eating  or  drinking,  chymification  is  retarded;  and,  though  the  appetite! 
be  not  always  impaired  at  first,  the  fluids  become  acrid  and  sharp,  ex-11 
coriating  the  edges  of  the  aperture,  and  almost  invariably  producing!  i 
aphthous  patches  and  the  other  indications  of  a  diseased  state  of  the  in- It 
ternal  membrane.    Vitiated  bile  is  also  found  in  the  stomach  under  Is 
these  circumstances,  and  flocculi  of  mucus  are  more  abundant  than  in  1 1 
health.    Whenever  this  morbid  condition  of  the  stomach  occurs,  with  I  \ 
the  usual  accompanying  symptoms  of  disease,  there  is  generally  a  corre-jr 
sponding  appearance  of  the  tongue.     When  a  healthy  state  of  thefcj 
stomach  is  restored,  the  tongue  invariably  becomes  clean.*  Accordingly 

*  Dr.  A.  Combe's  commentary  on  the  above  passage  is  too  apposite  to  be  omitted.j 
"  Many  persons  who  obviously  live  too  freely,  protest  against  the  fact,  because  they 
feel  no  immediate  inconvenience,  either  from  the  quantity  of  food,  or  the  stimulants 
in  which  they  habitually  indulge ;  or,  in  other  words,  because  they  experience<  do 
pain,  sickness,  or  headache, — nothing,  perhaps,  except  slight  fulness  and  oppression,  i 
which  soon  go  off.    Observation  extended  over  a  sufficient  length  of  time,  however,  I 
shows  that  the  conclusion  drawn  is  entirely  fallacious,  and  that  the  real  amount  ™  I 
injury  is  not  felt  at  the  moment,  merely  because,  for  a  wise  purpose,  nature  has  de- 1 
prived  us  of  any  consciousness  of  either  the  existence  or  the  state  of  the  stomacli , , 
during  health.    In  accordance  with  this,  Dr.  Beaumont's  experiments  prove,  that  ex-j 
tensive  erythematic  inflammation  of  the  mucous  coat  of  the  stomach  was  of  frequenti j 
occurrence  in  St.  Martin  after  excesses  in  eating,  and  especially  in  drinking,  evenj 
when  no  marked  general  symptom  was  present  to  indicate  its  existence.  Occasional )  j' 
febrile  heat,  nausea,  headache,  and  thirst  were  complained  of,  but  not  always.   n*T  j 
St.  Martin's  stomach,  and  its  inflamed  patches,  not  been  visible  to  the  eye,  ne  m 
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i  the  experiments  of  Dr.  Severe,*  the  process  of  alcoholic  fermentation 
materially  interfered  with  by  fresh  gastric  juice,  the  obstructing  agency 
iing  exerted  upon  the  ferment,  and  not  upon  the  fermentable  sub- 
The  lactic  acid  fermentation  is  not  checked  by  fresh  gastric 
ice;   but  this  fluid,  as  Spallanzani  long  ago  showed,  is  capable  of 
•mpletely  stopping  the  progress  of  putrefactive  fermentation.  The 
^mperature  of  the  Stomach  rises  with  the  increase  of  vascular  and 
retory  activity  which  takes  place  during  digestion.  Dr.  F.  Smith  found 
e  ordinary  temperature  of  St.  Martin's  stomach  while  fasting  to  be 
h°-99°  Fahr.,  whilst  during  digestion  it  rose  to  100°-101°  Fahr.f 
108.  That  the  secretion  of  Gastric  Juice  is  affected  in  a  very  marked 
mner  by  conditions  of  the  Nervous  sj^stem,  is  indicated  by  the  effect  of 
sntal  emotions  in  putting  an  immediate  stop  to  the  digestive  process, 
\aea  it  is  going-on  with  full  vigour.    It  does  not  appear  to  be  exactly 
termined  by  what  channel  such  influence  is  conveyed.  Experiments 
rich  have  been  made  upon  animals  with  a  view  of  ascertaining  the 
re  which  the  nervous  influence  conveyed  by  the  Pneumogastrics  takes 
digestion,  have,  from  inattention  to  important  points,  led  to  strangely 
itra  lictory  results  in  the  hands  of  different  experimenters.  Bernard, 
th  many  others,  considers  that  division  of  these  nerves  instantaneously 
ecks  the  elaboration  of  the  gastric  fluid,  and  therefore  puts  a  stop  to 
jestion ;  and  he  points  to  the  pallor  and  flaccidity  of  the  stomach  which 
lediately  succeed  the  operation,  the  slight  and  superficial  digestion 
the  alimentary  mass  which  takes  place,  and  to  the  additional  circum- 
lce,  that  in  the  rabbit  there  is  a  sudden  change  in  the  reaction  of  the 
le  from  alkaline  to  acid,  the  latter  being  the  normal  condition  in  the 
ting  state,  and  therefore  showing  that  all  action  on  the  food  must  have 
'pped.j    He  further  observes,  that  on  galvanizing  the  pneumogastrics 
abundant  flow  of  gastric  juice  takes  place. §  Longet,||  however,  main- 
us,  that  division  of  the  pneumogastrics  operates  rather  in  paralyzing 
3  muscular  movements  of  the  stomach  than  in  stopping  the  secretion 
:  the  gastric  juice  ;  for  he  states  that  if  a  small  quantity  of  milk  were 
'"en  to  the  animal  24  or  even  48  hours  after  the  section,  and  when, 
;refore,  there  could  be  no  gastric  juice  remaining  in  the  stomach,  it 
s  invariably  clotted  after  death,  or  upon  making  the  animal  vomit ; 
I  small  quantities  of  meat  or  other  food  were  digested  readily  enough, 
mgh  large  masses  were  only  superficially  digested,  because,  the  mus- 
ir  power  of  the  stomach  being  paralyzed,  the  food  was  not  properly 
:errningled  with  the  gastric  juice.    Dr.  John  Reid^f  showed  long  ago 
it,  in  some  instances  at  least,  a  re-establishment  of  the  digestive  power 
nifested  itself  after  an  interval  of  some  days,  if  the  animals  survived 

| 'hi  have  pleaded  that  his  temporary  excesses  did  him  no  harm;  but,  when  they 
»ented  themselves  in  such  legible  characters  that  Dr.  Beaumont  could  not  miss 
ng  them,  argument  and  supposition  were  at  an  end,  and  the  broad  fact  could  not 
lenied." 

Hoppe-Seyler's  "  Med.  Chem.  Untersuch.,"  1867,  p.  257. 
Lw.  cit.  {  Bernard,  "Lccons,"  1859,  vol.  ii.  p.  81. 

c  Med.  T.  and  Gazette,"  vol.  ii.  1860.       ||  "  Physiologie,"  vol.  i.  p.  236-7,  1861. 
'Edinb.  Med.  and  Surg.  .Toum.,"  April,  1839;  and  "  Physiological,  Anatomical, 
Pathological  Researches,"  chap.  v. — Dr.  Beid's  results  have  been  confirmed  as  to 
important  particular  by  Hiibbenet  (Op.  cit.)  and  more  recently  by  Bidder  and 
mat,  "111.  Med.  Zeitung,"  1852,  Heft  viii.  p.  112. 
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the  effect  of  the  operation.    In  the  animals  which  died  within  the  first 
four  or  five  days,  no  indication  of  this  restoration  could  be  discovered 
by  Dr.  R. ;  in  those  which  survived  longer,  great  emaciation  took  place  • 
but  when  life  was  sufficiently  prolonged,  the  power  of  assimilation  seemed 
almost  completely  restored.     This  was  the  case  in  four  out  of  the 
seventeen  dogs  experimented-on  ;  and  the  evidence  of  this  restoration 
consisted  in  the  recovery  of  flesh  and  blood  by  the  animals,  the  vomiting 
of  half-digested  food  permanently  reddening  litmus  paper,  the  disappear- 
ance of  a  considerable  quantity  of  alimentary  matter  from  the  intestinal 
canal,  and  the  existence  of  chyle  in  the  lacteals.    So  also  more  recently 
Budge*  states,  that  after  careful  division  of  the  vagi  at  the  oesophageal 
opening  in  rabbits,  he  observed  that  the  animals  ate  as  freely,  secreted 
as  good  gastric  juice,  and  digested  as  naturally  as  healthy  ones ;  and  by 
careful  tending  he  was  enabled  to  keep  them  alive  for  months.  He 
attributes  the  serious  effects  which  occur  in  many  instances  after  section 
of  the  pneumogastrics  in  the  neck,  to  the  injury  inflicted  on  the  pul- 
monary branches,  and  to  the  consequent  disturbance  of  the  respiration, 
which  necessarily  affects  all  the  other  functions. — The  observations  and  I 
experiments  of  Sedillot  and  Schiff  f  fully  corroborate  Longet's  conclusion, 
that  the  pneumogastrics  are  chiefly  the  motor  nerves  of  the  stomach.  It  1 
may  serve  to  account  in  some  degree  for  the  contrary  results  obtained  j 
by  other  experimenters,  to  state  that  seven  out  of  Dr.  R.'s  seventeen 
experiments  were  performed,  before  he  obtained  any  evidence  of  diges- 
tion after  the  operation,  and  that  the  four  which  furnished  this  followed 
one  another  almost  in  succession ;  so  that  it  is  easy  to  understand  why  i 
those  Avho  were  satisfied  with  a  small  number  of  experiments,  should  I 
have  been  led  to  deny  it  altogether.    The  inquiries  which  have  been  j 
made  in  reference  to  the  action  of  the  sympathetic  upon  the  secretion  of 
the  gastric  juice,  are,  owing  to  the  difficulties  which  attend  experiments  I 
upon  this  point,  comparatively  few.    Budge  extirpated  the  coeliac  and  I 
meseraic  ganglia,  as  well  as  divided  the  pneumogastrics,  and  still  found  J 
(with  one  exception)  that  after  the  lapse  of  nine  hours  the  stomach  gave  I 
an  acid  reaction  ;  and  his  results  were  fully  corroborated  by  Ravitsch,who  I 
found  that  section  of  the  vagi  at  the  oesophageal  opening,  involving  j 
section  of  the  sympathetic, f  had  little  or  no  influence  upon  either  the  I 
secretion  of  the  gastric  juice  or  the  absorption  of  the  chyme, though  the  | 
latter  may  be  somewhat  prolonged ;  and  by  Schiff,  who  divided  the  I 
splanchnic  nerves  without  effect.   Very  recently,  also,  Adrian§  has  only  I 
obtained  negative  results  as  regards  the  gastric  secretion  after  extirpa- 1 
tion  of  the  Coeliac  Plexus,  which  he  accomplished  with  great  dexterity)  I 
as  the  animals  lived  for  months  after  the  operation.    Bernard,  however, 
state-   that  on  galvanizing  the  sympathetic  nerves  distributed  to  the  I 
stomach,  a  sudden  arrest  of  the  secretion  occurred.    It  must  be  held  aa 
demonstrated  by  these  experiments,  then,  that  all  the  arguments  which 
have  been  drawn  from  the  effects  of  lesion  of  the  Pneumogastric  and 
Sympathetic  nerves  upon  the  functions  of  the  Stomach,  in  favour  of  the 
doctrine  that  Secretion  depends  upon  Nervous  agency,  must  be  set  aside.  I 
That  these  nerves  have  an  important  influence  on  the  gastric  secretion, 

*  "Physiologic,"  p.  175,  1862.  f  "Physiologic,"  p.  421,  1 86 1 • 

1  Mailer's  "  Archiv,"  1861,  p.  779.  §  Eckhard,  "Beitrage,"  Bd.  m.  1862 

||  "Med.  Times  and  Gazette,"  1860,  vol.  ii. 
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i  evident  from  the  deficiency  in  its  amount  soon  after  their  section, 
i  well  as  from  other  facts.  But  this  is  a  very  different  proposition 
om  that  just  alluded  to,  and  the  difference  has  been  very  happily  illus- 
ated  by  Dr.  Reid.  "  The  movements  of  a  horse,"  he  observes,  "  are 
dependent  of  the  rider  on  his  back — in  other  words,  the  rider  does  not 
irnish  the  conditions  necessary  for  the  movements  of  the  horse — but 
/ery  one  knows  how  much  these  movements  may  be  influenced  by  the 
md  and  heel  of  the  rider." 

109.  Our  knowledge  of  the  nature  of  the  process  of  Gastric  Digestion 
is  been  greatly  advanced  by  recent  inquiries ;  and  we  are  now  in  a  con- 
.tion  to  state  with  considerable  precision  what  it  is,  and  what  it  is  not, 
•e  province  of  the  gastric  juice  to  effect. — There  can  no  longer  be  any 
)ubt,  that  the  operation  is  one  essentially  of  chemical  solution ;  and  that 
.e  vital  attributes  of  the  Stomach  are  only  exercised  in  the  preparation 
'the  solvent,  and  in  the  performance  of  those  movements  which  pro- 
ote  its  action  on  the  alimentary  matters  submitted  to  it.    The  first 
ries  of  facts  which  clearly  demonstrated  this  position,  were  those  that 
:sulted  from  the  very  pains-taking  observations  made  by  Dr.  Beaumont, 
the  case  of  St.  Martin  already  referred-to.    By  introducing  a  tube  of 
dia-rubber  into  the  empty  Stomach,  Dr.  B.  was  able  to  obtain  a  supply 
.'gastric  juice  whenever  he  desired  it,  the  tube  serving  the  purpose  of 
imulating  the  follicles  to  pour  forth  their  secretion,  and  at  the  same 
ne  conveying  it  way ;  and  with  the  fluid  thus  obtained,  he  was  able  to 
ake  various  experiments,  which  showed  that  the  change  which  it  effects 
)on  alimentary  matter,  when  it  is  kept  at  a  temperature  of  98°  or  100°, 
id  frequently  agitated,  is  not  less  complete  than  that  which  takes  place 
hen  the  same  matter  is  submitted  to  its  operation  within  the  stomach, 
:it  requires  a  longer  time.    This  is  readily  accounted-for  when  we 
member,  that  no  ordinary  agitation  can  produce  the  same  effect  with 
e  curious  movements  of  the  stomach ;  and  that  the  continual  removal, 
urn  its  cavity,  of  the  matter  which  has  been  already  dissolved,  must  aid 
e  operation  of  the  solvent  on  the  remainder.    The  following  is  one  out 
:  many  experiments  detailed  by  Dr.  Beaumont.     "  At  11 J  o'clock  a.m., 
ter  having  kept  the  lad  fasting  for  17  hours,  I  introduced  a  gum-elastic 
►■be,  and  drew  off  an  ounce  of  pure  gastric  liquor,  unmixed  with  any 
her  matter,  except  a  small  proportion  of  mucus,  into  a  three-ounce  vial, 
then  took  a  solid  piece  of  boiled  recently-salted  beef,  weighing  three 
achms,  and  put  it  into  the  liquor  in  the  vial ;  corked  the  vial  tight, 
A  placed  it  in  a  saucepan  filled  with  water,  raised  to  the  temperature 
i  100°,  and  kept  at  that  point  on  a  nicely-regulated  sand-bath.  In  forty 
mutes,  digestion  had  distinctly  commenced  over  the  surface  of  the  meat. 
fifty  minutes,  the  fluid  had  become  quite  opaque  and  cloudy  ;  the  ex- 
i  rnal  texture  began  to  separate  and  become  loose.    In  sixty  minutes, 
yme  began  to  form.    At  1  o'clock  p.m.  (digestion  having  progressed 
ith  the  same  regularity  as  in  the  last  half-hour),  the  cellular  texture 
emed  to  be  entirely  destroyed,  leaving  the  muscular  fibres  loose  and 
iconnected,  floating  about  in  fine  small  shreds,  very  tender  and  soft, 
t  3  o'clock,  the  muscular  fibres  had  diminished  one-half,  since  the  last 
animation.    At  5  o'clock,  they  were  nearly  all  digested;  a  few  fibres 
ily  remaining.    At  7  o'clock,  the  muscular  texture  was  completely 
oken  down,  and  only  a  few  of  the  small  fibres  could  be  seen  floating  in 
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the  fluid.  At  9  o'clock,  every  part  of  the  meat  was  completely  digested. 
The  gastric  juice,  when  taken  from  the  stomach,  was  as  clear  and  trans- 
parent as  water.    The  mixture  in  the  vial  was  now  about  the  colour  of  j 
whey.    After  standing  at  rest  a  few  minutes,  a  fine  sediment  of  the 
colour  of  the  meat  subsided  to  the  bottom  of  the  vial. — A  piece  of  beef, 
exactly  similar  to  that  placed  in  the  vial,  was  introduced  into  the  sto- 
mach, through  the  aperture,  at  the  same  time.  At  twelve  o'clock  it  was  j 
withdrawn,  and  found  to  be  as  little  affected  by  digestion  as  that  in  the  j 
vial ;  there  was  little  or  no  difference  in  their  appearance.  It  was  returned 
to  the  stomach;  and,  on  the  string  being  drawn  out  at  1  o'clock  p.m., 
the  meat  was  found  to  be  all  completely  digested  and  gone.    The  effect 
of  the  gastric  juice  on  the  piece  of  meat  suspended  in  the  stomach,  was 
exactly  similar  to  that  in  the  vial,  only  more  rapid  after  the  first  half- 
hour,  and  sooner  completed.    Digestion  commenced  on,  and  was  con- 
fined to,  the  surface  entirely  in  both  situations.    Agitation  accelerated 
the  solution  in  the  vial,  by  removing  the  coat  that  was  digested  on  the  I 
surface,  enveloping  the  remainder  of  the  meat  in  the  gastric  fluid,  and  j 
giving  this  fluid  access  to  the  undigested  portions."*    Many  variations  j 
were  made  in  other  experiments ;  some  of  which  strikingly  displayed  the  I 
effects  of  thorough  mastication,  in  aiding  both  natural  and  artificial  t 
digestion. 

110.  The  attempt  was  made  by  Dr.  Beaumont,  to  determine  the  rela- 
tive digestibility  of  different  articles  of  diet,  by  observing  the  length  of 
time  requisite  for  their  solution,  f  But,  as  he  himself  points-out,  the 
rapidity  of  digestion  varies  so  greatly,  according  to  the  quantity  eaten, 
the  nature  and  amount  of  the  previous  exercise,  the  interval  since  the 
preceding  meal,  the  state  of  health,  the  condition  of  the  mind,  and  the 
nature  of  the  weather,  that  a  much  more  extended  inquiry  would  be 
necessary  to  arrive  at  results  to  be  depended-on.  Some  important  infe- 
rences of  a  general  character,  however,  may  be  drawn  from  his  researches. 
— It  seems  to  be  a  general  rule,  that  the  flesh  of  wild  animals  is  more 
easy  of  digestion  than  that  of  the  domesticated  races  which  approach  them 
most  nearly.  This  may,  perhaps,  be  partly  attributed  to  the  small 
quantity  of  fatty  matter  that  is  mixed-up  with  the  flesh  of  the  former, 
whilst  that  of  the  latter  is  largely  pervaded  by  it.  For  it  appears  from 
Dr.  B.'s  experiments,  that  the  presence  in  the  stomach  of  any  substance 
which  is  difficult  of  digestion,  interferes  with  the  solution  of  food  that 
would  otherwise  be  soon  reduced.  It  seems  that,  on  the  whole,  Bed  is 
more  speedily  reduced  than  Mutton,  and  Mutton  sooner  than  either  Veal 
or  Pork.  FoavIs  are  far  from  possessing  the  digestibility  that  is  ordinarily 
imputed  to  them ;  but  Turkey  is,  of  all  kinds  of  flesh  except  Venison, 
the  most  soluble.  Perhaps  the  average  period  required  for  the  digestion  I 
of  an  ordinary  meal,  and  the  complete  emptying  of  the  stomach,  may  be  j 
roughly  estimated  at  from  3  to  4|  hours. — Dr.  Beaumont's  experiments  I 
further  show  that  bulk  is  as  necessary  for  healthy  digestion,  as  the  pre- 1 

*  Experiments  2  and  3  of  First  Series.  I 
t  It  is  important  to  bear  in  mind,  that  the  digestibility  of  different  substances  bear*  I 
no  relation  to  their  nutrient  value,  which  is  entirely  dependent  on  their  cheinica 
composition.  Of  course,  however  nutritious  a  substance  may  be,  it  is  valueless  as  an 
article  of  diet  if  it  cannot  be  dissolved;  but,  on  the  otber  hand,  substances  winch  air 
very  easily  digested  (such  as  farinaceous  matters)  may  have  a  low  nutritive  vaiu  , 
through  containing  but  a  very  small  proportion  of  azotized  constituents. 
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nee  of  the  nutrient  principle  itself.  This  fact  has  been  long  known  by 
:perience  to  uncivilized  nations.    The  Kamschatdales,  for  example,  are 

the  habit  of  mixing  earth  or  saw-dust  with  the  train-oil  on  which 
one  they  are  frequently  reduced  to  live.  The  Veddahs  or  wild  hunters 
f  Ceylon,  on  the  same  principle,  mingle  the  pounded  fibres  of  soft  and 
•cayed  wood  with  the  honey  on  which  they  feed  when  meat  is  not  to 
!  had ;  and  on  one  of  them  being  asked  the  reason  of  the  practice,  he 
plied,  "I  cannot  tell  you,  but  I  know  that  the  belly  must  be  filled." 

is  further  shown  by  Dr.  B.,  that  soups  and  fluid  diet  are  not  more 
adily  chymified  than  solid  aliment,  and  are  not  alone  fit  for  the  support 

the  system;  and  this,  also,  is  conformable  to  the  well-known  results 

experience;  for  a  dyspeptic  patient  will  frequently  reject  chicken  - 
•oth,  when  he  can  retain  solid  food  or  a  richer  soup. — Dr.  Beaumont 
so  ascertained,  that  moderate  exercise  facilitates  digestion,  though 
vere  and  fatiguing  exercise  retards  it.  If  even  moderate  exercise  be 
ken  immediately  after  a  full  meal,  however,  it  is  probably  rather  inju- 
jus  than  beneficial ;  but  if  an  hour  be  permitted  to  elapse,  or  if  the 
tantity  of  food  taken  have  been  small,  it  is  of  decided  benefit.  The 
fluence  of  temperature  on  the  process  of  solution  is  remarkably  shown 

some  of  Dr.  B.'s  experiments.  He  found  that  the  gastric  juice  had 
arcely  any  influence  on  the  food  submitted  to  it,  when  the  bottle  was 
posed  to  the  cold  air,  instead  of  being  kept  at  a  temperature  of  100°. 
e  observed  on  one  occasion,  that  the  injection  of  a  single  gill  of  water 

50°  into  the  stomach,  sufficed  to  lower  its  temperature  upwards  of  30°  ; 
.d  that  its  natural  heat  was  not  restored  for  more  than  half  an  hour, 
ence  the  practice  of  eating  ice  after  dinner,  or  even  of  drinking  largely 

cold  fluids,  is  very  prejudicial  to  digestion. 

111.  It  is  far  from  being  true,  however,  that  (according  to  the  older 
aws  of  its  power)  the  Gastric  juice  is  capable  of  acting  upon  all  the 
itritive  components  of  the  food.  The  mistake  probably  arose  from  the 
luction  to  which  these  matters  are  subjected  in  digestion,  the  alimen- 
ry  bolus  being  completely  disintegrated,  and  its  particles  saturated 
th  the  fluids  of  the  stomach,  so  that  the  whole  forms  a  homogeneous 
jud  of  pultaceous  consistence,  to  which  the  name  of  chyme  is  given, 
us  chyme  will,  of  course,  vary  greatly  in  its  composition,  according  to 
9  proportion  of  the  different  alimentary  substances  that  have  entered 
to  the  composition  of  the  food ;  and  its  appearance,  also,  is  far  from 
uform,  being  sometimes  like  gruel,  but  sometimes  more  creamy, 
■vays,  however,  having  a  strong  acid  reaction. — All  the  more  recent 
d  accurate  experiments  of  those  who  have  studied  the  chemistry  of 
?estion,  lead  to  the  conclusion,  that  the  solvent  powers  of  the  Gastric 
ice  are  chiefly  exerted  upon  azotized  substances ;  and  that  its  action  is 
mparatively  slight  upon  starchy,  saccharine,  and  oleaginous  matters, 
though  the  change  in  the  starchy  particles,  which  commences  in  the 
Htn,  is  usually  continued  in  the  stomach,  yet  its  continuance  is 
ientially  dependent  upon  the  presence  of  the  salivary  fluid ;  being 
iterially  checked,  when,  by  tying  the  oesophagus,  that  fluid  is  pre- 
nted  from  passing  into  the  stomach*  The  experiments  of  Dr.  Daltonf 

the  introduction  of  the  garden  snail  and  slug  into  the  stomachs  and 

*  See  Frerichs,  in  Wagner's  "  Handworterbuch,"  Bd.  iii.  Art.  '  Verdauung.' 
t  "Amer.  Journ.  of  Med.  Science,"  April,  1865,  p.  334. 
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gastric  juice  of  dogs,  show  that  no  living  animals,  at  least  of  this  grade 
of  development,  can  long  resist  the  digestive  process,  death  occurring! 
in  the  course  of  a  few  minutes,  which  is  speedily  followed  by  the  disap-j 
pearance  of  all  traces  of  their  bodies.  The  action  of  the  gastric  juicej 
seems  essentially  to  stand  in  the  place  of  a  high  temperature  and  al 
powerful  oxidizing  agent ;  but  though  albuminous  substances  are  con-| 
verted  into  peptones  during  digestion,  yet  as  no  peptones  are  found  iul 
the  fluids  of  the  body,  but  simply  albumen,  this  conversion  seems  to  bel 
only  accomplished  for  the  purpose  of  promoting  its  absorption.  For,  asl 
Prof.  Graham  has  shown,  albumen  has  a  very  low  diffusive  power,  and  al 
very  high  endosmotic  equivalent ;  and  although,  when  subjected  to  con-j 
siderable  pressure,  its  solutions  will  filter  slowly  through  animal  niem-| 
branes  (thus  affording  a  rationale  of  its  occasional  appearance  in  various! 
transudations),  yet  it  is  obvious  that  unless  some  such  preliminary! 
change  took  place,  a  very  insufficient  supply  of  this  material  would  gain! 
entrance  into  the  blood. 

112.  This  action  of  the  gastric  solvent  upon  the  azotized  constituents 
of  the  food,  is  dependent  upon  several  accessory  conditions.    One  of  the! 
most  important  of  these  is  temperature.    A  heat  of  from  96°  to  100°  ia 
required  to  keep  up  the  solvent  process,  which  is  retarded  according  tcj 
the  depression  of  the  thermometer  below  this  standard ;  so  that  at  tha 
ordinary  temperature  of  the  atmosphere  it  is  completely  suspended,  tcj 
be  renewed,  however,  with  an  increment  of  heat.    On  the  other  hand,  k 
trifling  elevation  of  temperature  above  100°  occasions  a  decompositior  | 
in  the  gastric  juice,  which  entirely  destroys  its  solvent  power.  The 
next  condition,  which  specially  affects  the  time  required  for  the  process! 
of  solution,  is  motion.    This  does  not  act  mechanically,  by  way  ON 
'  trituration,'  as  was  once  supposed ;  for  food  is  found  to  be  digested 
when  enclosed  in  metallic  balls  perforated  to  admit  the  access  of  gastric 
juice  to  their  interior.    But  it  answers  the  purpose  of  thoroughly  sub- 
jecting the  whole  of  the  alimentary  bolus  to  the  agency  of  the  gastric 
solvent,  by  bringing  each  part  successively  into  contact  with  the  linim 
membrane  of  the  stomach,  from  the  surface  of  which  the  fluid  is  effused  j 
The  removal  of  the  matters  already  reduced  or  dissolved,  also,  has  a  mos 
important  effect  in  facilitating  the  solution  of  the  remainder.    This  re- 
moval  is  due  in  part  to  the  absorption  of  the  matters  in  a  state  of  solu 
tion,  into  the  blood-vessels  of  the  walls  of  the  stomach  (§129);  and  u 
part  to  the  successive  escape  of  the  reduced  portions  through  the  pyloru 
orifice  (§  102).    The  importance  of  the  previous  state  of  minute  division  ] 
and  incorporation  with  aqueous  fluid,  in  promoting  the  action  of  the  gas 
trie  solvent,  has  been  already  dwelt  on  (§  95). 

113.  Although  the  Chyme,  or  product  of  gastric  digestion,  whic 
escapes  through  the  pyloric  orifice  into  the  duodenum,  contains  nmcij 
azotized  matter  in  a  state  of  actual  solution,  a  considerable  proportion  cj 
it  is  still  only  reduced  and  mechanically  suspended ;  and  the  sohitioif 
of  the  latter  is  continued  in  the  intestinal  tube.    In  the  farinaceou 
part  of  the  food,  moreover,  no  great  amount  of  change  has  hitherto  beei 
effected ;  and  the  sugar  which  has  been  generated  by  the  agency  of  tn 
salivary  ferment,  is  probably  absorbed  into  the  blood-vessels  nearly  -i 
fast  as  it  is  formed.    In  the  condition  of  the  fatty  matters,  no  iniportaii 
change  is  perceptible,  except  such  as  results  from  the  solution  of  t-i 
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nnbranes,  &c,  that  enclosed  tliern.  Hence  we  see  that  the  process  of 
gestion,  so  far  from  being  completed  in  the  stomach,  has  only  been 
cried  one  stage  further.  Soon  after  its  entrance  into  the  Duodenum, 
i  chyme  is  subjected  to  the  actions  of  the  Bile,  the  Pancreatic  fluid, 
d  that  secretion  from  the  glandular  in  the  walls  of  the  intestine  itself 
•oceeding  chiefly,  perhaps,  from  the  glands  of  Brunner,  §  114),  which  is 
own  under  the  name  of  the  1  Succus  Entericus.'  Of  these,  the  Pan- 
•atic  fluid  will  be  first  noticed.  The  structure  of  the  Pancreas  closely 
:embles  that  of  the  Salivary  glands  (§  95),  for  it  consists  of  racemose 
isfcers  of  secreting  follicles,  which  form  the  terminations  of  the  ramify - 
j  divisions  of  the  duct;  each  cluster,  with  its  blood-vessels,  lym- 
atics,  nerves,  and  connecting  tissue,  forming  a  lobule ;  and  the 
iarate  lobules  being  held  together  by  areolar  tissue,  as  well  as  by  the 
ssels  and  ducts.  Like  the  salivary  glands,  moreover,  its  development 
mnences  by  a  sort  of  budding-forth  of  the  alimentary  canal  at  a 
rticular  spot  upon  which  a  mass  of  cells  has  previously  accumulated, 
e  secretion  of  this  gland  resembles  saliva  in  its  general  appearance, 
ng  clear  and  colourless,  free  from  smell,  alkaline  in  its  reaction,  and 
•y  viscid  ;  it  contains  no  morphological  constituents.  Upon  the  ap- 
:ation  of  heat,  or  upon  the  addition  of  any  of  the  stronger  mineral 
ids,  it  coagulates  in  a  solid  mass  like  the  white  of  an  egg.  Its  pro- 
•ties  seem  to  vary  according  to  the  period  of  digestion  at  which  it  is 
lected,  being  at  first  very  tenacious  and  coagulating  completely, 
ilst  at  a  later  period  it  becomes  thinner,  more  alkaline,  and  less  per- 
tly  coagulable  by  heat,  its  solvent  powers  upon  various  constituents  of 
i  food  being,  at  the  same  time,  less  strongly  marked.  The  composi- 
i  of  the  Pancreatic  juice  of  the  Dog  is  represented  in  the  following 
ole  :*— 


In  1000  Parts. 

From  a  per- 
manent Pan- 
creatic Fis- 

From the  Pancreatic 
Duct  itself. 

tula. 
Mean  of  3 
Experiments. 

I. 

II. 

•Vater   .    .  . 

Solid  residue   .    .  . 

980-45 
19-55 

900-76 
99-24 

884-4 
115-6 

•"ancreatin .... 
^alts     .  . 

22-71 
6-84 

90-44 
8-80 

'oda  combined  with  Pancreatin  

-'hloride  of  sodium  . 

"hloride  of  potassium  

'hosphate  of  lime     .  . 

phosphate  of  magnesia  with  traces  of  oxide  of  iron 
-nbasic  phosphate  of  soda  .    .    .  . 
jime  combined  with  Pancreatin  .... 
Magnesia  combined  with  Pancreatin     .    .  . 

3-31 
2-50 
0-93 
0-07 

o-oi 
o-oi 

o-oi 

0-58 
7-35 
0-02 
0-41 
0-12 

0-32 

wine,  Guanine,  and  Tyrosine,  have  been  stated  to  be  constant  con- 
tents of  the  substance  of  the  gland,  and  Leucine  and  Xanthin  have 


*  ^orup-Bcsancy..  "  Physiol.  (Jliemie,"  1862,  p.  487. 
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occasionally  been  found  in  the  secretion.  Recent  experiments,  however,* 
render  it  probable  that  these  substances  proceed  from  the  action  of  the 
secretion  on  the  albuminous  constituents  of  the  food,  or  even  on  the 
tissue  of  the  gland  itself. 

114.  The  nature  of  the  organic  substance  which  forms  so  large 
a  part  of  the  solid  residue  of  the  pancreatic  juice,  and  which  is 
so  singularly  prone  to  decomposition,  has  not  been  accurately  deter- 
mined. Bernard  states  that  it  resembles  albumen  in  being  preci- 
pitated by  heat,  acids,  alcohol,  and  metallic  salts,  but  differs  in  being 
thrown  down  by  sulphate  of  magnesia,  and  by  the  circumstance  that, 
after  being  precipitated  by  alcohol,  it  can  be  re-dissolved  in  water. 
The  quantity  of  the  secretion  which  is  poured  forth  in  24  hours  has 
been  variously  estimated;  and  perhaps  the  differences  are  due,  as 
Bernard  has  suggested,  to  the  circumstance  that  when  the  operation  for 
the  formation  of  a  pancreatic  fistula  has  been  attended  with  much  vio- 
lence, when  the  gland  has  become  inflamed,  and  the  health  of  the  animal 
has  in  consequence  suffered,  the  fluid  secreted  is  abnormal,  and  differs 
both  in  quantity  and  in  many  of  its  most  essential  properties,  from  the 
healthy  secretion.  From  these  considerations,  and  from  the  probably 
intermittent  character  of  the  secretory  act,  it  is  manifest  that  only  an 
approximative  estimate  of  the  absolute  quantity  can  be  made.  Bernard 
estimates  the  quantity  secreted  per  hour  in  the  dog,  for  every  1  lb. 
weight  of  the  animal,  at  about  15  grains;  Schmidt  and  Kroger  at  from 
20  to  35  grains;f  Skrebitzky  and  Bidder  at  from  21  to  35  grains.  M 
this  last  estimate  were  applied  to  man,  it  would  give  from  12  ozs.  to 
16  ozs.  av.  as  the  total  quantity  of  pancreatic  juice  secreted  per  diem. 
Bernard  describes  the  gland  as  pale  and  flaccid  during  the  period  of 
fasting,  and  as  rosy,  but  not  deep  red,  some  time  after  food  has  been 
taken,  when  the  secretion  is  rapidly  poured  forth.  The  activity  of  the 
gland  seems  to  be  greatest  at  the  middle  or  towards  the  close  of  gastric 
digestion,|  anc*  at  the  period,  therefore,  of  the  passage  of  the  contents 
of  the  stomach  into  the  small  intestine.  Corvisart  attributes  the  secre- 
tion to  a  kind  of  charging  of  the  pancreas  with  albuminous  compounds 
absorbed  during  gastric  digestion,  for  on  the  introduction  of  food,  or 
of  the  products  of  gastric  digestion  below  the  entrance  of  the  pancreatic 
duct,  no  increase  in  the  flow  of  the  secretion  occurred.  As  the  organ  is 
of  considerable  size,  is  very  constant  amongst  the  Vertebrata,  and  uni- 
formly discharges  its  secretion  into  the  duodenum,  it  is  natural  to  sup- 
pose that  it  must  exert  an  important  influence  in  preparing  the  food  for 
absorption ;  and  this  is  fully  borne  out  by  our  knowledge  of  the  serious 
interference  to  the  due  performance  of  this  operation,  resulting  from 
disease  of  this  organ,  and  of  the  extreme  instability  of  the  organic 
matter  contained  in  its  secretion. 

115.  From  the  researches  of  many  experimenters,  it  appears  to 

*  Kiihne,  "Centralblatt  f.  d.  Med.  Wiss.,"  1867,  p. 420,  and  Fudakowski,  idem,  p.  546. 

t  See  M.  Edwards,  "  Lec.  suv  la  Physiol.,"  1860,  p.  522.  Colin  obtained  about  10  oz. 
per  hour  from  a  cow  of  medium  size  and  from  a  horse,  but  only  3  drachms  from  a  pig- 

X  Weinmann  observed  in  a  dog  during  the  first  hour  after  a  full  meal,  1510  grains 
secreted,  whilst  after  a  45  hours'  fast  only  74  grains  (Henle  and  Pfeufler's  "  Zeitschrift, 
N.  F.  Bd.  iii.  p.  247).  Kroger  obtained  384  grains  during  the  first  hour,  271  in  the  2nd, 
225  in  the  3rd,  4th,  5th,  and  6th,  176  in  the  7th,  8th,  and  9th,  165  from  the  10th  to  the 
14th,  and  103  from  the  19th  to  the  24th  ("  Archiv.  Gen.  de  MeU,"  i.,  1861,  p.  533). 
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moe  well  ascertained — 1.  That  the  pancreatic  juice  can  convert  starch 
I  nto  sugar ;  2.  That  it  can  emulsify  fat ;  3.  That  it  can,  to  a  certain 
Lnd  limited  extent,  dissolve  albumen.     The  saccharifying  influence 
;  f  the  pancreatic  juice  upon  starch  was  first  observed  by  Valentin, 
nd  may  be  proved  by  adding  the  healthy  secretion  obtained  by  a 
Stulous  opening,  or  even  an  infusion  of  the  gland-substance,  to  either 
rude  or  boiled  starch ;  for  though  the  energy  of  the  action  is  much 
a  greater  in  the  latter  case,  yet  even  in  the  former  the  starch-grains 
income  rapidly  altered  in  form,  disintegrate,  and  dissolve,  grape-sugar 
)eing  at  the  same  time  produced.    From  Schmidt's  experiments  it  ap- 
lears  that  one  part  of  the  secretion  can  convert  about  four-and-a-half 
I  ^arts  of  starch  into  grape-sugar.*    The  necessity  which  exists  for  the 
diversion  of  starch  into  sugar,  before  it  can  be  absorbed,  renders  evi- 
I  (dent  the  advantage  which  attends  the  presence  of  a  gland  possessing  a 
I  ilimilar  transforming  power  to  that  of  saliva,  at  some  distance  from  the 
aouth,  where  it  may  act  upon  the  crude  starch  now  softened,  swollen, 
I  hind  otherwise  affected  by  the  combined  heat  and  moisture  of  the 
nttomach,  and  which  would  otherwise  escape  being  acted  on.  The 
^  pmylo-lytic  power  of  the  pancreatic  fluid  has  been  shown  by  Dr.  M. 
ki  Foster, f  not  to  depend  on  the  pancreatine  it  contains;  and  Cohnheim 
E  pnd  Danilewsky  believe  they  have  isolated  the  substance  possessing  this 
u  peculiar  power,  and  have  satisfied  themselves   it  is  not  a  proteid. 
I  [Che  action  exerted  is  undoubtedly  that  of  a  ferment,  since  an  indefinite 
|tj  Quantity  of  starch  can  be  converted  into  sugar  by  a  definite  quantity  of 
|j  ihe  ferment.    Its  operation  is  not  interfered  with  by  the  presence  of  the 
I  ft-astric  juice.    The  pancreatic  juice  is  not,  however,  exclusively  destined 
I  or  this  function ;  sharing  it  with  the  '  succus  entericus,'  which  has  been 
tr  ihown  by  Frerichs  and  Hubbenet,  and  especially  in  the  interesting  case 

■  :•  ecorded  by  Busch, J  to  be  also  possessed  of  this  converting  power. 

116.  But  secondly,  it  has  been  affirmed  by  M.  CI.  Bernard,  and  strong 

I  evidence  has  been  adduced  by  him  in  support  of  his  statement,  that  the 
|  memtial  purpose  of  the  Pancreatic  fluid  is  to  promote  the  absorption  of 

■  iitty  matters,  by  reducing  them  to  the  state  of  an  emulsion,  which  is 

I I  apable  of  finding  its  way  into  the  lacteals.  That  this  fluid  possesses 
1 1  he  emulsifying  power  in  a  peculiar  degree,  may  be  considered  as  having 

>een  fully  demonstrated  by  his  experiments  ;  for  on  mixing  it  with  oil, 
i  »utter,  or  any  variety  of  fat,  at  a  temperature  sufficiently  high  to  render 
V  he  fatty  substance  liquid,  and  then  stirring  the  mixture  for  a  few 
ninutes,  an  emulsion  is  produced,  bearing  a  strong  resemblance  to 
Ifnyle.    This  emulsion  does  not  cease  to  present  its  peculiar  aspect, 
•ven  when  left  standing  for  some  time ;  whereas  although  bile,  saliva, 
jasfcnc  juice,  blood-serum,  and  other  animal  fluids,  have  a  certain  emul- 
flhfying  power,  yet,  after  a  short  time,  the  oil-particles  run  together 
1 1  'gam,  almost  as  if  they  had  been  merely  shaken-up  with  water.  Fur- 
In  unhealthy  conditions,  it  is  not  unlikely  that  the  same  changes  may  take  place 
-8  occur  when  pancreatic  juice  is  allowed  to  remain  long  upon  starch-paste  at  a 
|  noderatcly  high  temperature ;  these  changes  being  accompanied  with  the  evolution  of 
I  lydrogen,  nitrogen,  and  carbonic  acids,  indicating  the  occurrence  of  the  lactic,  butyric, 
1  t  even  alcoholic  fermentation. 

t  Humphry  and  Turner's  "  Journal  of  Anat.  and  Physiol.,"  vol.  i.  1866,  p.  108. 
I  Virchow's  "  Archiv  f.  Path.  Anat.  mid  Physiol.,"  vol.  xiv.  p.  140.    See  also  Can- 

■  tatts  "  Jahresbericht,"  1862,  p.  112. 
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ther,  it  is  asserted  by  Bernard,  that  in  the  Babbit  (in  which  the  pan-, 
creatic  duct  discharges  itself  some  inches  lower  down  in  the  intestine 
than  does  the  bile-duct),  when  fatty  matters  have  been  introduced  into 
the  alimentary  canal,  they  undergo  no  considerable  change,  until  they 
have  passed  the  orifice  of  the  pancreatic  duct ;  an  oily  emulsion  being 
then  for  the  first  time  found  in  the  intestinal  canal,  and  the  opaque 
whiteness  of  chyle  showing  itself  in  the  contents  of  those  absorbents 
only  which  originate  in  the  intestinal  villi  below  that  orifice.  So,  again, 
M.  Bernard  affirms  that  by  putting  a  ligature  round  the  pancreatic  duct, 
the  digestion  of  oleaginous  matter  is  so  completely  prevented,  that  it  is 
found  unchanged  in  the  lower  part  of  the  intestinal  tube,  and  no  opales- 
cent chyle  is  found  in  the  lacteals.  This  position  is  further  strengthened 
by  the  fact  ascertained  by  clinical  observation,*  that  there  is  a  close 
relation  between  disease  of  the  pancreas,  and  the  discharge  of  fatty 
matters  per  anum.  Frerichs,  Lehmann,  Lenz,-!/  and  others,  endeavoured 
to  show  that  the  statements  of  M.  Bernard  were  too  exclusive  in  their 
character,  and  that  the  digestion  and  absorption  of  fatty  matters  took 
place  after  the  pancreatic  duct  had  been  tied  (sufficient  time  having 
been  given  for  the  evacuation  of  any  pancreatic  fluid  that  might  have 
been  in  the  alimentary  canal  previously  to  the  operation) ,  and  even  in 
the  lower  part  of  the  small  intestine,  into  which  these  substances  had 
been  conveyed  by  injection,  after  it  had  been  completely  separated  by  a 
ligature  from  the  upper  part  into  which  the  pancreatic  fluid  was  poured. 
Bernard  replied  with  great  acumen  to  these  observers,  that  after  tying 
the  duct  they  did  not  in  most  instances  take  care  to  ascertain  whether 
a  second  duct  was  present  or  not,  a  circumstance  of  common  occurrence 
in  some  animals ;  and  secondly,  that  when  the  experiments  were  in 
other  respects  satisfactorily  performed,  the  emulsification  of  the  fats 
might  still  have  been  effected  by  the  increased  activity  and  development 
of  certain  glands  which  he  has  observed  between  the  coats  of  the  duo- 
denum, in  immediate  proximity  to  the  entrance  of  the  duct  of  the  pan- 
creas, and  the  secretion  of  which  he  found  to  resemble  very  closely  that 
of  the  pancreas  itself.  It  must  be  observed,  however,  that  Berard  has 
dissected  out  these  glands,  and  ascertained  that  their  collective  weight 
does  not  exceed  l-325th  that  of  the  pancreas;  and,  therefore,  the 
function  of  that  gland  can,  in  the  first  instance,  at  least,  be  but  imper- 
fectly discharged  by  them.  Colin  (of  Alfort),  moreover,  made  some 
ingenious  experiments,  in  which  he  determined  the  quantity  of  fat  con- 
tained in  the  chyle  of  cows  and  other  animals,  both  before  and  after 
ligature  of  the  pancreatic  duct,  and  after  extirpation  of  the  gland.J 
He  was  unable  to  discover  any  remarkable  difference  in  its  composition. 
Similar  experiments  were  made  by  Herbst,  Schiff  and  Donders,  from 
which  the  conclusion  may  be  fairly  drawn,  that  though  the  pancreatic 
juice  is  of  considerable  importance  in  the  emulsification  of  fatty  bodies, 
yet  that  its  action  is  not  indispensably  requisite  for  their  absorption ; 
and  it  is  possible,  either  as  Frerichs  and  Hubbenet  state,  that  the 

*  See  Dr.  Bright's  researches  on  this  point,  in  "Med.-Chir.  Trans.,"  vol.  xviii. ; 
also  an  Article  on  Pancreatic  Disease  and  Fatty  Discharges,  in  "  Brit,  and  For.  Med.- 
Chir.  Rev.,"  vol.  xii.  p.  154. 

t  "De  Adipis  Concoctioue  et  Absorptione,"  Dorpat,  1850. 

t  "Comptes  Rendus,"  1856. 


PROPERTIES  OF  PANCREATIC  FLUID  AND   BIER.  141 

uccus  Entericus  may  possess  an  emulsifying  power  of  considerable 
aergy,  and  quite  sufficient,  in  the  absence  of  the  pancreatic  juice,  to 
repare  a  due  amount  of  fat  to  supply  the  demands  of  nutrition ;  or,  as 
[.  Peyrani  contends,*  that  the  bile  is  an  important  agent  in  the  diges- 
on  of  this  class  of  alimentary  substances.    In  Busch's  case,  however, 
r  ready  referred  to,  the  digestive  action  of  the  fluid  poured  forth  by  the 
vtwer  part  of  the  Jejunum  and  Ileum  upon  fatty  bodies  introduced  into 
•iem  through  the  fistulous  orifice,  was  exceedingly  imperfect. 

1 17.  If  the  part  played  by  the  pancreatic  fluid  in  the  digestion  of  fatty 
•odies  is  still  in  some  measure  doubtful,  its  capability  of  effecting  a  solution 
l  id  metamorphosis  of  albuminous  bodies  is  still  more  difficult  to  deter- 
J  .ine.  There  appears,  however,  to  be  good  reason  for  believing  that  the 
Jtiew  originally  held  by  Corvisartf  is  correct,  to  the  effect  that  healthy 
auncreatic  juice,  or  the  infusion  of  a  healthy  pancreas,  or  even  a  solu- 
I'on  of  precipitated  pancreatine  in  distilled  water,  possesses  a  distinctly 
Bblvent  action  on  albuminous  compounds,  converting  them  into  peptones 
■irithout  the  supervention  of  any  signs  of  putrefaction.  The  follow- 
ing experiment,  performed  by  Meissner,  affords  material  confirma- 
tion of  the  accuracy  of  the  views  entertained  by  Corvisart.  The 
■wiodenum  in  a  dog  was  thoroughly  washed  out  with  a  stream  of 
marm  water,  and  surrounded  by  a  ligature  above  and  below  the  point  of 
■ntrance  of  the  large  duct  of  the  pancreas.  By  this  proceeding  the 
Htitrance  of  the  secretion  of  the  superior  duct,  and  of  the  bile  through 
leie  ductus  communis  choledochus,  was  excluded.  And  now,  the  animal 
■nving  previously  been  kept  fasting  for  fifteen  hours,  34  grammes  of 
Bard-boiled  white  of  egg  were  introduced  into  the  loop  of  intestine,  con- 
Btied  between  the  ligatures,  whilst  20  grammes  were  at  the  same  time 
lltitroduced  into  the  stomach,  to  supply  the  ferment  with  which  it  is  re- 
i|  lisite  that  the  pancreas  should  be  charged.  After  the  lapse  of  fifteen 
ilours  the  duodenum  was  examined,  when  150  grammes  of  neutral 
waid  were  found  quite  free  from  any  odour  of  putrefaction,  with  4 
Barammes  of  undissolved  albumen ;  30  grammes  of  this  substance  had 
Consequently  been  dissolved.  Pancreatic  peptones  differ,  according  to 
Hi.iakonow,^:  from  those  produced  by  the  gastric  juice  in  their  precipi- 
^bilityby  acids,  and  by  most  acid  salts;  the  acid  phosphate  of  soda, 
However,  being  especially  excepted.  Kiihne§  has  shown  that  by  the 
■nntinued  action  of  the  juice  on  the  newly  formed  peptone,  leucine 
Hoid  tyrosine  appear  in  the  fluid,  indicating  that  regressive  meta- 

■  .orphosis  of  albumen — or  a  kind  of  luxus-consumption — may  occur 
I  I  -evious  to  absorption  in  the  intestinal  canal,  since  these  same  sub- 

r.ances  can  be  obtained  from  albumen  by  the  action  of  acids  at  a 
f|  3ning  temperature.    All  observers  are  agreed  that  the  most  active 

■  increatic  juice  is  obtained  from  an  animal  in  full  digestion,  as  it  is  only 

I  '<  that  time  that  the  gland  is  thoroughly  charged  with  pancreatine. 

I I  a  remarkable  and  well-observed  case  of  atrophy  of  the  liver  and 
I  increas  described  by  Dr.  J.  A.  Fles,  a  considerable  quantity  of  fat  and 
I  ndigested  muscular  fibre  was  found  to  pass  away  in  the  lieces,  but  after 

*  "Comptes  Rendus,''  1867,  p.  197. 

t  "  Sur  une  Fonction  peu  connue  du  Pancreas,"  Paris,  1857-58. 
t  Hoppe-Seyler's  "Med.  Ohem,  Untersucli.,"  1867,  p.  243. 
§  Kiilme,  "  Pliysiolog.  Cliemie,"  1865,  p.  lltf. 
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the  daily  administration  of  a  calf's  pancreas  nearly  all  the  fat  and  a 
great  proportion  of  the  muscular  tissue  disappeared.* 

118.  The  Duodenum  receives  not  only  the  Pancreatic,  but  also  the 
Biliary  secretion ;  and  from  the  constancy  with  which  this  fluid  is  poured 
into  the  upper  part  of  the  intestinal  tube,  or  even  into  the  stomach  itself 
in  all  animals  which  have  any  kind  of  hepatic  apparatus,  f  it  seems  a 
legitimate  inference  that  this  secretion  is  not  purely  excrementitious,  but 
serves  some  important  purpose  in  the  digestive  process.  It  is  not  easy, 
however,  to  state  with  precision  what  this  purpose  is.  The  results  of 
many  of  the  experiments  which  have  been  made  to  determine  it,  are 
vitiated  by  the  fact,  that  the  pancreatic  duct  in  most  cases  discharges 
itself  into  the  intestinal  tube  at  the  same  point  with  the  hepatic,  and 
has  thus  been  frequently  involved  in  operations  performed  upon  it. — As 
the  most  important  constituents  of  Bile,  and  the  agency  of  the  Liver  as 
an  assimilating  and  depurating  organ,  will  be  more  appropriately  con- 
sidered elsewhere  (chaps,  vi.and  XI.),  we  shall  here  limit  ourselves  to  the 
consideration  of  what  may  be  regarded  as  the  best-established  facts  in 
regard  to  the  uses  of  the  biliary  secretion  in  the  digestive  process. 

119.  When  its  action  is  tested  out  of  the  body,  by  mingling  it  with  the 
different  constituents  of  food,  it  is  found  to  exert  a  slight  action  in  con- 
verting starch  into  sugar.J  It  has  no  action  upon  cane-sugar,  until  it  has 
stood  a  considerable  length  of  time ;  but  then  it  converts  it  into  lactic 
acid.  This  change  it  speedily  exerts,  as  do  nearly  all  other  animal  sub- 
stances, upon  grape-sugar.  It  has  no  action  on  albuminous  substances, 
even  when  acidulated.  And  although  it  will  form  an  emulsion  with 
and  saponify  oleaginous  matter,  and  especially  the  fatty  acids,  yet  the 
emulsification  is  less  complete  than  that  which  is  effected  by  the  pan- 
creatic fluid  alone.§  But  if  the  action  of  the  Bile  is  only  subsidiary  to 
that  of  the  Pancreatic  Juice,  it  is  certain  that  it  very  materially  aids  the 
absorption  of  oleaginous  bodies  by  enabling  them  to  pass  more  easily 
through  the  coats  of  the  intestine;  Wistinghausen||  and  Hoffmamrf 
having  shown  that  the  force  requisite  to  effect  the  filtration  of  an  oily 
substance  through  an  animal  membrane  is  much  less  when  the  membrane 
is  moistened  with  an  alkaline  fluid,  or  with  bile,  than  when  it  is  mois- 
tened with  pure  water.  Bile  appears  to  be  deficient  in  any  materials 
corresponding  to  the  peculiar  ferments  of  the  saliva,  gastric  juice,  and 
pancreatic  secretion ;  and  hence  its  office  in  digestion  must  be  of  a 
different  character  from  that  of  either  of  those  fluids.  Its  admixture 
with  the  acid  chyme  entering  the  duodenum  from  the  stomach,  and  con- 
taining peptone  in  solution,  does  not,  according  to  Dr.  Dalton,**  occasion 
any  precipitate,  though  it  is  remarkable  that  the  glycocholate  and  tauro- 
cholate  of  soda,  together  with  the  colouring  matter  of  the  bile,  fall  if  it 

*  Donders'  "  Archiv,"  1862,  Bd.  iii.  pt.  ii.  p.  187. 

+  See  "Princ.  of  Comp.  Phys.,"  4th  edit.,  §§  405— 41 1.— The  simplest  condition 
of  the  Liver,  such  as  we  meet  with  in  the  higher  Kadiata,  and  in  the  lower  Articulata 
and  Mollusca,  consists  in  a  series  of  follicles  lodged  in  the  walls  of  the  stomach  and  of 
the  upper  part  of  the  intestinal  tube. 

%  V.  Gorup-Eesanez,  1862,  p.  467. 

§  Dr.  Bence  Jones,  in  the  "Medical  Times,"  July  5,  1851. 
||  "  Endosmotisch  Versuche,"  Dissert,  inaug.,  Dorpat,  1851. 

"  Ueber  die  Aufnahme  von  Quecksilber,"  1854,  Wurtzburg. 
**  "  Human  Physiology,"  1867,  p.  178. 
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we  mingled  with  fresh  and  pure  gastric  juice.  In  other  words,  the 
resence  of  peptone  prevents  any  precipitation  of  the  biliary  acids  by 
e  gastric  juice.  Bile  certainly  possesses  an  antiseptic  power,  for  M. 
ernard'  found  that  when  two  similar  pieces  of  meat  had  been  immersed 
r  three  months,  one  in  a  bottle  of  gastric  juice  alone,  and  the  other  in  a 
ixture  of  gastric  juice  and  bile,  a  strong  ammoniacal  odour  resulting 
om  decomposition  was  emitted  from  the  former,  whilst  the  latter  was 
^e  and  free  from  any  smell  whatever.  And  it  was  remarked  by 
I.  Tiedemann  and  Grnelin  (and  also  recently  by  Hoffmann),  that  when 
e  bile  was  prevented  from  passing  into  the  alimentary  canal,  the  con- 
nts  of  the  latter  were  more  foetid  than  usual.  Moreover,  it  is  found 
at  the  admixture  of  bile  with  fermenting  substances  checks  the  pro- 
ss  of  fermentation ;  and  M.  Bernard*  has  shown  by  ingeniously-con- 
'ved  experiments,  that  this  power  is  exerted  also  to  some  extent  in 
e  living  body.  Hence  we  can  understand  how  the  reflux  of  bile  into 
e  stomach  should  seriously  interfere  with  the  process  of  gastric 
'gestion ;  and  how,  when  there  is  a  deficient  secretion  of  bile,  or  more 
od  is  swallowed  than  the  bile  provided  for  it  can  act  upon,  or  the 
aracter  of  the  biliary  secretion  itself  has  undergone  any  serious  per- 
rsion,  there  should  be  much  more  than  the  normal  amount  of  putrefac- 
ve  fermentation,  as  is  indicated  by  an  evolution  of  flatus,  and  very 
equently  by  diarrhoea.  Further,  the  want  of  proper  neutralization  of 
e  gastric  fluid  will  cause  the  continuance  of  acidity  in  the  contents  of 
e  intestinal  canal,  which  in  its  turn  induces  a  state  of  irritation  of  its 
lucous  membrane,  and  a  perversion  of  its  secretions :  and  it  is  one  of 
le  beneficial  results  of  '  alterative'  medicines,  employed  to  remedy  this 
ndition,  that,  by  augmenting  the  secretion  of  bile,  they  tend  to  re- 
oduce  a  state  of  neutrality  in  the  contents  of  the  alimentary  canal, 
chifff  and  BudgeJ  have  shown  that  the  bile  produces  energetic,  and 
ideed  almost  tetanic  spasms  of  the  muscles,  both  voluntary  and  in- 
luntary,  when  applied  either  to  the  tissue  itself  or  to  the  nerves  sup- 
lying  it.  Its  importance,  therefore,  in  maintaining  the  peristaltic  action 
f  the  intestine  is  probably  considerable,  whilst  by  exciting  the  involun- 
muscular  fibre-cells  of  the  villi  it  very  probably  materially  aids  the 
movement  of  the  chyle  in  the  lacteals.  Moreover,  the  presence  of  a 
oper  quantity  of  bile  in  the  intestine  seems  to  promote  the  secreting 
tion  of  the  intestinal  glandular :  this  appears  from  the  tendency  to  con- 
'pation  which  is  usually  consequent  upon  deficiency  of  the  secretion, 
d  from  the  diarrhoea  which  proceeds  from  its  excess ;  and  is  confirmed 
y  the  purgative  properties  which  inspissated  ox -gall  has  been  found  to 
ssess. 

120.  Notwithstanding  all  its  uses,  however,  it  must  be  admitted  that 
e  prevention  of  the  discharge  of  bile  into  the  alimentary  canal  is  not 
ended  with  the  deleterious  results  which  might  have  been  anticipated 
om  it ;  for  it  has  been  found  by  the  experiments  of  Schwann,  Blondlot, 
d  Bernard,  that  if  the  bile-duct  be  divided,  and  a  tube  be  inserted  in  it 
i  such  a  manner  as  to  convey-away  the  secretion  through  a  fistulous 
"ce  in  the  abdominal  parietes,  the  animals  thus  treated  may  live  for 


*  "Amer.  Joum.  of  Med.  Sci.,"  Oct.  1851,  p.  351. 
t  "  Archiv  fur  Phys.  Hoilk.,"  t.  ix.  p.  GO.  t  "  Physiologie,"  p.  195,  1861. 
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Aveeks,  months,  or  even  years,*  although  they  usually  die  at  last  with 
signs  of  inanition.  Of  the  quantity  of  bile  daily  poured  into  the  alimen- 
tary canal  of  Man,  we  have  no  other  mode  of  forming  an  estimate,  than 
by  observing  the  quantity  poured-out  from  the  bile-ducts  of  animals  in 
such  experiments  as  those  just  cited.  Nasse  and  Platnerf  obtained  from 
a  dog  105  grains,  and  Stackman  108  grains  per  diem,  for  every  1  lb.  of 
body- weight.  On  these  data  a  man  weighing  154  lbs.  should  form  about 
1\  lbs.  of  bile  daily.  Bidder  and  Schmidt  give  a  somewhat  higher  esti- 
mate— viz.,  56  oz.  or  Z\  lbs.,  of  which  they  consider  about  5  per  cent,  to 
be  solid  matter. — It  appears  from  the  researches  of  numerous  investigators 
that  the  rate  of  secretion  in  dogs  is  by  no  means  uniform.  Arnold;);  found 
that  it  attained  its  maximum  an  hour  or  two  after  food,  Voit§  two  hours 
after,  Kblliker  and  Muller  between  the  6th  and  8th  hours,  Bidder  and 
Schmidt||  about  10  or  12  hours  after  a  full  meal,  and  Dr.  Austin 
Flinty  from  the  2nd  to  the  8th  hour. — As  Dr.  Dalton  has  remarked,  a, 
distinction  should  be  drawn  between  the  time  at  which  the  largest 
quantity  of  bile  is  discharged  into  the  intestine,  and  that  at  which  the 
secretory  activity  of  the  liver  is  at  its  height.  In  his  own  experiments 
on  a  dog,  which  appear  to  have  been  conducted  with  much  care,  a  con- 
siderable quantity  of  bile  was  discharged  into  the  intestine  soon  after 
feeding,  as  is  shown  in  the  following  Table  :** 


Time  after 
feeding. 

Quantity  of  fluid 
in  15  minutes. 

Dry  residue  of 
the  same. 

Quantity  of 
biliary  matter. 

Proportion  of 
biliary  matter 
to  dry  residue. 

Immediately 

640  grains. 

33  grainR. 

10  grains. 

•30 

1  hour 

1990  „ 

105  „ 

4  „ 

•03 

3  „ 

780  „ 

60  „ 

4  „ 

•07 

6  „ 

750  „ 

73  „ 

34  „ 

05 

9  „ 

860  „ 

78  „ 

44  „ 

•06 

12  „ 

325  „ 

23  „ 

3|  „ 

16 

15  „ 

347  „ 

18  „ 

4  „ 

•22  1 

18  „ 

21 

384  „ 

11  „ 

1  ,-, 

•09 

24  „ 

163  „ 

94  „ 

3£  „ 

•34 

25  „ 

151  „ 

5  „ 

3  „ 

•60 

The  secretion  diminishes  considerably  when  food  is  withheld  for  some 
time ;  the  quantity  poured-out  after  ten  days'  starvation  being  only  about 
one-eighth  of  what  it  is  when  at  its  maximum.  Still  it  is  obvious,  that 
although  its  rate  is  thus  greatly  influenced  by  the  stage  of  the  digestive 
process  (which  is  the  less  to  be  wondered-at,  when  it  is  remembered  that 
the  secretion  is  formed  from  blood  that  is  charged  with  newly-absorbed 
and  imperfectly-assimilated  matters),  the  excrementitious  character  of 
the  secretion  requires  that  its  elimination  shall  be  constantly  going-on  to 

*  At  the  meeting  of  the  French  Academy,  June  23,  1851,  M.  Blondlot  gave  the 
history,  and  an  account  of  the  post-mortem  examination,  of  a  dog  that  had  lived  five 
years  without  the  passage  of  any  bile  into  the  intestinal  tube. 

t  B6clard's  "Physiol.,"  1802,  p.  501.     J  "  Zur  Phys.  der  Galle,"  Mannheim,  1854. 

§  "Phys.  Cheru.  Untersuchungen,"  Augsburg,  1857,  p.  41. 

||  "  Verdauungssafte  und  StofFwechsel,"  §§  1 14 — 209. 
"Physiology  of  Man,"  1867,  part  ii.  p.  375. 

**  Dalton,  "Phys.,"  1867,  p.  176.— The  dog  used  for  these  experiments  weighed 
364  lbs. 
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certain  degree ;  but  a  receptacle  is  provided  in  Man,  as  in  most  others 
nong  the  higher  animals  whose  digestion  is  performed  at  intervals,  for 
e  storing-up  of  the  fluid  until  it  can  be  usefully  employed  in  that  pro- 
ss.  The  intestinal  orifice  of  the  ductus  choledochus  is  closed  by  a  sort 
i  sphincter ;  and  the  fluid  secreted  during  the  intervals  of  digestion,  not 
ing  propelled  with  a  force  sufficient  to  dilate  this,  flows  back  into  the 
11-bladder,  which  dilates  to  receive  it.    The  presence  of  food,  and 
pecially  of  the  acid  products  of  gastric  digestion,  in  the  duodenum 
ems  to  excite  the  walls  of  the  gall-bladder  and  of  the  biliary  ducts* 
hich  contain  a  large  quantity  of  non-striated  muscular  fibre),  to  a  con- 
iction  sufficiently  powerful  to  propel  their  contents  into  the  intestine, 
apite  of  the  opposition  of  the  sphincter;  but  whether  this  takes  place 
rough  a  reflex  action  of  the  nervous  system,  or  through  the  direct 
mulation  of  the  muscular  coat  of  the  duct  by  the  passage  of  alimentary 
itters  over  its  orifice,  we  have  at  present  no  means  of  satisfactorily 
.termining.  It  will  be  recollected  that  the  gall-bladder  is  usually  found 
istended  with  bile,  in  cases  of  death  from  starvation  (§  76),  notwith- 
tnding  the  diminution  in  the  amount  actually  secreted.    Of  the  bile 
nch  is  poured  into  the  intestinal  tube,  by  far  the  greater  proportion 
rims  to  be  re-absorbed  (§  125),  or  at  least  to  be  so  altered  that  the 
*8sence  of  the  biliary  acids  can  no  longer  be  recognised. 
11121.  Besides  the  biliary  and  pancreatic  secretions,  there  is  poured  into 
)  Intestinal  canal  a  fluid  se- 
:  ited  in  its  own  walls,  which 
i  received  the  designation  of 
;  i  ecus  Entericus.  The  secretion 
;his  fluid  is  partly  the  function 
the  Glands  of  Brunner,  which 
j  }  small  racemose  clusters  of 
\  licles  (Fig.  54),  imbedded  in 
I   walls  of  the  duodenum,  ex- 
i  ding  also  to  the  commence- 
i  nt  of  the  jejunum,  and  partly 
'  the  follicles  of  Lieberkuhn, 
j:  h  which  the  intestinal  canal  is 
I  aished  throughout  its  entire 
[•  gth.    These  are  straight  nar- 
|  v  caeca,  standing  side  by  side, 
i  h  a  little  adenoid  intervening 
Instance   (except   where  the 
j  /erian  bodies  lie  amongst  them),   and  corresponding  in  length 
r  h  the  thickness  of  the  mucous  membrane.     Their  orifices  are 
I  Q  in  the  interspaces  between  the  villi,  where  they  are  so  closely 
I  -together  as  to  seem  like  the  apertures  of  a  sieve ;    and  they 
arranged  in  rings  around  the  Peyerian  glanduke.     The  Intes- 

|  Bernard  and  Kiithe  (Canstatt's  "  Jahresbericht,"  1861,  p.  131)  found  that  touching 
I  point  of  entrance  of  the  biliary  duct  into  the  intestine  with  an  alkaline  fluid  had 
I  e  or  no  effect,  whilst  bushing  it  lightly  over  with  an  acid  solution  immediately 
1  ;ed  a  discharge  of  bile  to  take  place. 

L 


Fia.  54. 


Portion  of  one  of  Brunner '«  Gland*,  from  the 
Human  Duodenum. 
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tinal  juice  appears,  from  the  researches  of  Bidder  and  Schmidt* 
to  be  a  colourless  viscid  liquid,  invariably  alkaline  in  its  reaction,  and 
containing  from  3  to  3^  per  cent,  of  solid  matter.  The  total  amount 
daily  secreted  in  Man  is  estimated  by  these  experimenters  at  about  7  oz.; 
the  rate  of  its  secretion  seems  to  be  most  rapid  five  or  six  hours  after  a 
meal ;  and  its  quantity  is  considerably  increased  shortly  after  the  inges- 
tion of  fluid,  and  this  without  any  diminution  in  the  proportion  of  its 
solid  constituents.  The  properties  of  this  secretion  are  not  yet  cer- 
tainly determined.  According  to  the  results  obtained  by  Bidder  and 
Schmidt  and  their  pupil  Zander  (which  were  also  corroborated  by  Leh- 
mann),  it  exerts  a  solvent  action  on  albuminous  bodies  scarcely  inferior 
to  that  of  the  gastric  juice,  and  a  power  of  converting  starch  into  sugar 
which  is  scarcely  less  than  that  of  saliva  or  pancreatic  fluid. — Thiry,f 
however,  who  attempted  to  ascertain  the  nature  and  properties 
of  the  fluid  discharged  by  the  Lieberkiihnian  follicles  by  means  of  th 
following  experiment,  which  he  frequently  repeated,  has  arrived  at 
opposite  results.  A  considerable  loop  of  the  small  intestine  of  a  dog 
was  drawn  out  of  a  small  opening  made  into  the  abdomen,  and  sur- 
rounded by  two  ligatures.  The  intestine  was  divided  above  and 
below  the  ligatures,  and  the  cut  extremities  carefully  sewn  together  so  that 
the  continuity  of  the  canal  was  maintained.  One  end  of  the  loop  was  then 
also  tied  and  returned  into  the  abdomen  with  its  vascular  relations  un- 
disturbed, whilst  the  other  was  attached  to  the  abdominal  walls,  as  in 
the  operation  for  making  an  artificial  anus.  Perfect  recovery  of  the 
health  of  the  animal  took  place.  The  fluid  secreted,  which  could  be 
obtained  in  considerable  quantity,  amounting  to  about  1  lb.  in  5  hours 
if  calculated  for  the  whole  length  of  the  intestine  of  the  dog,  was  of  a 
clear  straw-yellow  colour,  alkaline  reaction,  and  exceedingly  constant 
specific  gravity  (1"0115).  It  contained  about  2'5  percent,  of  solids,  less 
than  one-half  of  the  amount  obtained  by  M.  Busch  from  his  patient,  of 
which  about  1*5  consisted  of  albumen  and  other  organic  matters,  i 
the  remainder  being  salts.  In  experimenting  on  the  physiological 
effects  of  this  fluid  upon  the  different  constituents  of  food,  little  more 
than  negative  results  were  obtained,  no  action  being  apparently  exerted  I 
either  on  starch,  fat,  or  albumen,  and  only  a  feeble  power  (when  alka- 1 
line)  of  dissolving  fibrin. 

122.  Notwithstanding  the  results  of  the  experiments  of  M.  Thiry,  it  ' 
must  be  remembered  that  under  normal  conditions  the  fluid  of  the  j 
small  intestines  is  compounded  by  the  intermixture  of  the  biliary  and 
pancreatic  secretions  with  the  salivary  and  gastric  fluids,  and  with  the 
secretion  of  the  intestinal  glandulae,  and  there  can  be  little  doubt  that  ^ 
in  this  part  of  the  alimentary  canal  all  the  principal  constituents  of  our  j; 
food  are  reduced  to  a  soluble  condition.  Here  the  conversion  of  starchy  o 
into  saccharine  matter  is  completed,  the  oleaginous  compounds  are  [J 
emulsified  and  saponified,  and  a  powerful  solvent  agency  is  exerted  even  id 
upon  albuminous  substances  which  have  not  been  submitted  to  the  pre-  4 
vious  agency  of  the  gastric  fluid  (as  has  been  shown  by  experimentally  i 
introducing  pieces  of  meat,  through  a  fistulous  orifice,  directly  into  thej 

*  Op.  cit.,  §§  260—282 ;  and  Lehmann's  "  Pbysiologischen  Cbemie,"  2ud  edit. 
Bd.  ii.  pp.  95—99. 
t  "  Sitz.  d.  k.  Akad.  zu  Wien,"  Bd.  1. 
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odenum),  and  it  thus  completes  the  solvent  process  which  had  been 
ry  far  from  perfected  in  the  stomach.*    What  is  the  precise  share, 
"ever,  of  the  various  secretions,  in  producing  this  composite  result, 
ot  be  stated  with  any  degree  of  certainty.  In  Busch's  interesting  case, 
which  the  contents  of  the  stomach  and  duodenum  were  completely 
1 vented  by  a  fistulous  opening  from  entering  the  small  intestine,  it 
s  clearly  determined  by  accurate  chemical  analysis  of  the  fasces,  as 
as  indicated  by  the  great  improvement  in  the  health  which  resulted 
introducing  food  into  the  lower  part  of  the  intestine,  that  the 
'ds  secreted  by  the  jejunum,  ileum,  and  large  intestine  were  capable 
dissolving  albumen  (though  with  the  evolution  of  a  putrefactive 
ur,  probably  due  to  the  absence  of  the  bile)  and  of  converting  starch 
sugar.    There  seemed,  however,  to  be  little  or  no  emulsifying 
er  exerted  on  the  fats,  which  were  also  but  very  slightly  absorbed, 
!  greater  part  reappearing  in  the  faeces.    In  this  case  the  woman  lived 
six  weeks,  previous  to  her  coming  under  the  care  of  M.  Busch,  upon 
;  absorption  which  had  taken  place  in  the  stomach  and  duodenum, 
reat  portion  of  the  products  of  digestion,  which  presented  a  variable 
tion  to  test-paper,  flowed  olf  by  the  fistulous  orifice,  and  she  had 
ome  much  emaciated.    The  treatment  adopted  was  the  reintroduc- 
i  of  this  discharged  fluid  into  the  lower  orifice  of  the  fistulous 
ning,  and  she  rapidly  regained  her  health  and  strength.  —  It  is 
"ious  that  the  amount  of  each  kind  of  alimentary  substance  that  can 
thus  prepared  for  absorption  in  a  given  time,  will  vary  with  the 
ount  of  the  secretion  by  whose  agency  this  preparation  is  specially 
cted ;  and  as  there  are  many  indications  that  the  quantity  of  each 
it  is  taken-up  in  absorption  is  limited,  and  that  it  bears  a  relation  to 
;  wants  of  the  system,  it  is  probable  that  the  amount  of  the  solvent  or 
lucing  fluid  secreted  by  each  glandular  apparatus,  is  regulated,  as  we 
ve  seen  it  to  be  in  the  case  of  the  gastric  juice  (§  104),  by  the  demand 
-up  by  the  nutrient  operations,  rather  than  by  the  amount  of  alimen- 
matter  that  is  waiting  to  be  digested. — The  processes  of  digestion 
d  conversion  are  probably  continued  during  the  entire  transit  of  the 
entary  matter  along  the  small  intestine,  and  at  the  same  time  the 
)ducts  of  that  conversion  are  gradually  being  withdrawn  by  absorbent 
on;  so  that,  by  the  time  it  reaches  the  caecum,  the  undigested  residue 
tains  little  else  than  the  innutritious  or  insoluble  components  of  the 
d,  together  with  the  excrementitious  portion  of  the  bile  and  of  other 
retions.    Up  to  this  time  the  contents  of  the  canal  appear  generally 
possess  an  acid  reaction :  for  in  the  two  patients,  each  with  an  arti- 
al  anus  opening  into  the  lower  part  of  the  ileum,  examined  by  Dr. 
aunej  and  Lossnitzer,|  the  chyme  was  still  acid,  though  the  mucous 

'  See  the  account  of  M.  CI.  Bernard's  researches  in  the  "  Amer.  Journ.  of  Med. 
•/'  Oct.  1851,  p.  356;  Zander,  "De  Succo  Enterico,"  inaug.  diss.,  Dorpat,  1850; 
1  Frericbs,  art.  Verdauung,  in  Wagner's  "  Handworterbuch,"  Bd.  iii. 
*  "  Archiv.  Gen.  de  Medecine,"  1861,  p.  610. 

".In  Lossnitzer's  case  (Henle's  "Bericht,"  1864,  p.  250),  the  opening  was  twelve 
nes  above  tbe  ilio-csecal  valve.  After  a  meal  of  milk,  bread,  meal-broth,  and  a 
le  meat,  the  cbymo  was  troubled,  flocculent,  bright  yellow,  more  or  less  strongly 
i,  foaming,  smelt  of  volatile  fatty  acids,  and  on  standing,  quickly  developed 
bubbles.  The  fluid  contained  biliary  acids  and  peptone,  but  no  parapeptone  or 
»r. 

L  2 


148 


OF  FOOD,  AND  THE  DIGESTIVE  PROCESS. 


membrane  was  alkaline  to  test-paper.  In  the  csecum,  however,  the 
acidity  seems  to  become  still  more  marked,  at  least  in  the  Herbivora, 
owing  to  the  formation  of  lactic  acid  from  the  starchy  materials  of  the 
food;*  but  in  Carnivora,  according  to  Bernard,f  the  contents  of  the 
cascum  are  alkaline,  owing  to  nitrogenous  fermentation.  That  digestion 
will  still  take  place,  though  imperfectly,  in  the  large  intestine,  is  shown 
by  the  observations  of  SteinhauserJ  upon  a  woman  who  had  an  artificial 
anus  communicating  with  the  large  intestine.  When  food  was  intro- 
duced into  the  lower  part  of  the  bowel,  it  was  for  the  most  part  dis- 
charged unaltered;  but  albumen  was  to  some  extent  dissolved,  either,  as 
Blondlot  conceives,  from  the  presence  of  lactic  acid,  or  possibly  from  that 
of  butyric  and  acetic  acids.  The  fact  is  of  importance,  as  showing  the 
mode  in  which  injections  of  nutrient  substances  per  anum  act  in  pror 
longing  life  in  cases  where  the  passage  of  food  along  the  upper  part  of 
the  intestinal  tube  is  interrupted. 

123.  The  undigested  residue  of  the  food,  mingled  with  the  products 
of  secretion  that  have  been  poured  into  the  alimentary  canal,  gradually 
acquires,  in  the  large  intestine,  the  ordinary  consistency  of  Faces,  through 
the  continuance  of  the  absorbent  process,  whereby  the  superfluous  fluid 
is  removed.  The  condition  of  this  residue  has  been  particularly  studied 
by  Dr.  Rawitz  and  Dr.  Marcet.§  By  the  former  observer,  muscular  fibres 
are  stated  to  be  almost  entirely  dissolved,  especially  in  the  flesh  of  fish  and 
hares,  though  less  rapidly  in  that  of  poultry  and  other  animals,  only  a 
few  fragments  remaining.  Dr.  Marcet,  however,  found  muscular  fibres, 
exhibiting  clearly  their  well-marked  structure,  almost  constantly  present 
and  in  considerable  quantities ;  and  he  is  inclined  to  believe  that  when 
meat  is  daily  taken,  only  the  juices  are  extracted,  the  fibres  themselves 
undergoing  but  little  digestive  action.  The  cells  of  cartilage  and  fibro- 
cartilage,  the  fibres  of  elastic  tissue,  |j  and  fatty  matter,  are  frequently 
found  unchanged  in  the  faeces ;  and  crystals  of  cholesterine  may  usually 
be  obtained,  especially  after  the  use  of  pork  fat. — "  As  regards  vegetable 
substances,  Dr.  Rawitz  states  that  he  frequently  found  large  quantities  of 
cell-membranes  unchanged  in  the  faeces ;  also  starch-cells  (which  were 
rarely  seen  by  Dr.  Marcet),  deprived  of  only  part  of  their  contents. 
The  green  colouring  principle,  chlorophyll,  was  usually  unchanged.  The 
walls  of  the  sap-vessels  and  spiral  vessels  were  quite  unaltered  by  the 
digestive  fluid,  and  were  usually  found  in  large  quantities  in  the  faeces ; 
their  contents,  probably,  were  removed."^" — Besides  the  undigested  re- 

*  Blondlot,  "Traite  analytique  de  la  Digestion,"  p.  103. 

f  "Liquids  of  tbe  Organism,"  p.  39,  1859. 

J  Quoted  in  Milne-Edwards,  vol.  vii.  p.  136,  1862. 

§  "  Med.  Times  and  Gaz.,"  July  31,  1858. 

||  It  lias  been  pointed  out  to  the  Author  by  his  friend  Mr.  Quekett,  that  elastic 
fibres  are  occasionally  to  be  met  with  in  the  Human  faeces,  which  present  an  appear- 
ance of  transverse  division  (probably  resulting  from  incipient  decomposition)  closely 
resembling  that  which  is  normal  in  the  ligamentum  nuchas  of  the  Giraffe.  So  distinct, 
indeed,  does  the  transverse  division  then  become,  that  these  fibres,  when  peculiarly 
abundant  (as  they  are  in  the  fasces  of  persons  who  have  for  some  time  been  living  up""  I 
mutton-chops,  and  have  not  put  aside  the  segment  of  the  aorta  which  each  chop  in- 
cludes), have  actually  been  mistaken  for  a  confervoid  growth  in  the  faeces. 

Quoted  from  Dr.  Kirkes'  "Physiology."  See  also  the  Memoir  of  Dr.  Rawitz, I 
"  Ueber  die  Einfachen  Nahrungsmittel,"  Breslau,  1846 ;  and  the  Analysis  of  Wehsargl 
and  lhring's  Inaugural  Theses  in  "  Brit,  and  For.  Med.-Chir.  Review,"  vol.  xiv.  p.  528- 
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due  of  the  food,  the  miscroscope  enables  us  to  recognise  the  brown 
douring- matter  of  the  bile,  epithelium-cells  and  mucus -corpuscles,  and 
irious  saline  particles,  especially  those  of  the  ammoniaco-magnesian 
iosphate,*  whose  crystals  are  well-defined ;  most  of  which  are  derived 
jm  the  secretions. — The  quantity  of  faecal  discharge  which  is  daily 
issed  by  an  adult  seems  to  vary  from  2  to  10  oz.  Dr.  Edward  Smith 
and  the  average  weight  in  prisoners  at  the  Coldbath  Fields  Prison  to  be 
05  oz.  These  men  were  fed  upon  a  full  dietary  with  brown  bread, 
id  the  proportion  of  the  faeces  to  the  solid  food  was  as  1  :  4*5.  Severe 
bonr  on  the  treadmill  was  found  to  diminish  the  quantity  of  feces, 
ilst  the  rest  of  Sunday  occasioned  a  considerable  increase.  The  pro- 
>rtion  of  water  was  very  uniform — viz.,  73-5  per  cent. ;  and  an  average 
'  41*8  grains  of  nitrogen  was  daily  eliminated  from  the  system  by  this 
lannel.  j  The  absolute  quantity  of  solid  matter  discharged  in  the  feces 
the  24  hours  is  about  460  grains,  of  which  only  ten  per  cent,  consists 
'undigested  matter.  Of  the  dry  fasces,  from  23  to  31 '5  per  cent,  (the 
•oportion  being  highest  when  an  abundant  meat  diet  has  been  con- 
imed)  consists  of  an  Inorganic  ash  ;  the  composition  of  which  is  stated 
i  EnderlinJ  to  be  as  follows  : — 

Alkaline  chlorides  and  sulphates  P367  )  q„i„wi„  • 

■dm    •    i      i  *     c    j  n./>oo  f  soluble  in  water. 

Bibasic  phosphate  or  soda   2*633  \ 

Phosphates  of  lime  and  magnesia     ....    80"372  \ 

IXft'oAir :  :  :  :  :  :  :  :  :  : 

Silica   7-940  ) 

he  potash  generally  predominates  greatly  over  the  soda,  but  especially 
hen  the  diet  has  chiefly  consisted  of  muscular  flesh.  The  reaction  of 
te  Faeces  is  usually  acid,  but  sometimes  neutral  or  alkaline.  The  study 
f  the  composition  of  the  Organic  portion  of  the  Fasces  is  attended  with 
>  much  difficulty  and  unpleasantness,  that  it  has  hitherto  been 
arcely  prosecuted  systematically.  According  to  the  inquiries  of  Dr. 
[arcet,§  healthy  Human  excrements  contain, — 1.  A  peculiar  substance 
•ystallizing  in  acicular,  silky,  four-sided  prisms  usually  grouped  into 
;ellae,  not  subject  to  spontaneous  decomposition,  possessing  feeble  affini- 
es,  fusing  at  about  203°  F.,  containing  Sulphur,  and  having  a  compo- 
tion  expressed  by  the  formula  C78H78S102;  this  he  proposes  to  call 
xcretine.  2.  Stearic  and  Margaric  Acids  in  combination  with  bases. 
.  A  colouring  matter  similar  to  that  of  blood  and  urine.  4.  Pancrea- 
ne  or  an  analogous  form  of  albumen.  And  5.  An  acid  olive-coloured 
ubstance  of  a  fatty  nature,  termed  Excretolic  acid,  which  is  probably 
nited  in  faeces  with  Excretine  or  a  basic  substance  closely  allied  to  it. 
•  either  butyric  nor  lactic  acid  could  be  discovered  in  healthy  Human 
xcrement ;  although  the  former  presents  itself  in  the  excrements  of 

*  Crystals  of  this  salt  sometimes  occur  in  perfectly  normal  fseces ;  and  in  those 
is  s  in  which  the  secreted  fluids  and  the  contents  of  the  intestine  readily  undergo 
ecomposition,  as  in  typhus,  cholera,  and  certain  forms  of  dysentery,  they  are  found  in 
trge  numbers  and  of  considerable  size. 

t  Smith  and  Milner, '  Rep.  on  the  Influence  of  Pris.  Discip.,'  "  Syd.  Soc.  Year-Book," 
861,  p.  83. 

t  "  Ann.  der  Chem.  und  Pharm.,"  1844.    Porter  in  do.,  t.  Ixxi.,  and  Fleischmann 
i  Poggendorff's  "Annalcn,"  1849. 
§  "Proceedings  of  the  Royal  Society,"  June  15,  1854,  and  March  12,  1857. 
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Carnivorous  Mammalia,  which  contain  also  a  substance  allied  in  its  nature 
to  excretine,  but  not  identical  with  it.  Dr.  Austin  Flint*  has  also  ob- 
tained a  substance  he  terms  Stercorine  (§  55),  which  results  from  the 
decomposition  of  Cholesterine. 

124.  Planer  f  has  recently  examined  the  Gases  developed  in  the 
alimentary  canal  of  Dogs  after  different  kinds  of  food,  and  in  Man  after 
death.  The  gas  contained  in  the  stomach  consists  chiefly  of  air 
swallowed  with  the  food,  and  was  usually  small  in  quantity.  The 
Oxygen  soon  disappeared.  In  the  small  intestines,  Carbonic  Acid  and 
Hydrogen  are  developed  in  nearly  equal  proportion,  whether  the  diet 
be  Animal  or  Vegetable.  The  experiments  of  PasteurJ  afford  some 
explanation  of  their  appearance,  at  least  in  Herbivora,  by  showing  that 
with  the  development  of  numerous  infusory  animalculae  in  the  intestines, 
Starch  and  Sugar  are  converted  into  Lactic  and  Butyric  Acids,  and  that 
with  the  development  of  the  latter  there  is  an  evolution  of  Carbonic 
Acid  and  Hydrogen  :  thus — one  equivalent  of  Sugar  C12H12012  =  (CjHjO^) 
HO  +  4C02  +  H4.  In  the  large  intestine,  Carbonic  Acid  is  chiefly  pre- 
sent, but  is  mingled  with  Sulphuretted  Hydrogen  (after  Animal  diet), 
and  if  the  food  have  been  long  retained  in  the  body,  with  Carburetted 
Hydrogen  (C2H4).  It  is  more  than  doubtful  whether  Gases  can  be 
disengaged  from  the  blood,  and  excreted  or  secreted  into  the  intestines, 
as  Magendie  supposed ;  but  there  seems  .no  reason  to  doubt  that  if  gas 
were  already  developed,  exchange,  according  to  the  ordinary  laws  of 
diffusion,  might  take  place  between  it  and  the  gases  of  the  blood.  In  a 
dog  which  had  been  fed  for  6  days  on  pure  Animal  diet,  and  was  killed 
5  hours  after  a  meal,  he  found — 


In  the  Stomach 
Small  Intestine 
Large  Intestine 


co2. 

0. 

N. 

H. 

25-20 

612 

68-68 

40- 1 

Traces 

45-52 

13-86 

74-19 

0-63 

23 

1-41 

SH 


0-77 


In  another  dog  fed  with  bread  for  8  days,  there  was  only  sufficient  gas 
for  analysis  in  the  small  intestine  ;  it  consisted  of — 


co2. 

O. 

N. 

H. 

38-78 

Traces 

54-2 

6-33 

Ruge§  has  carefully  examined  the  Gases  of  the  large  intestine  in  the 
Human  subject  after  different  kinds  of  food,  and  finds  their  composition 
tolerably  constant, — Nitrogen  Gas  preponderating  after  the  use  of  flesh, 
Hydrogen  after  milk,  and  Carburetted  Hydrogen  after  Vegetable  (Legu- 
minous) diet.  Though  the  gases  were  sometimes  offensive,  they  never 
gave  more  than  a  trace  of  Sulphuretted  Hydrogen.  The  following 
table  includes  his  chief  results  : — 


*  "  Physiology  of  Man,"  part  ii.  1867,  p.  399. 

t  Henle  and  Meissner's  "  Bericht  fur  1860,"  p.  274. 

i  "Annales  de  Chimie,"  1858,  p.  404  et  sea. ;  "Conrptes  Eendus  de  l'Acadeniie 
des  Sciences,"  1860,  p.  849. 

§  "  Beitrage  zur  Kenntniss  der  Darm-Gase,  Sitzungshericht  d.  k.  Akad.  d.  Wisssen- 
schaften"  (Wien),  1862,  p.  729. 
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Composition  of  the  Gases  of  the  large  Intestine  after  the  use 


Of  Milk,  for 

Of  Vegetables  (Leguminous),  for 

Of  Animal  Diet,  for 

*  * 
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00  M 

CO,  1682  906 
N     3838  36-71 
CH    092  000 
H    4388  54-22 

at  • 

•                   •                 •                    oo      *rt  S 
0Q                     00                  00                        c>        9  2 
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■            .  • 
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125.  Of  the  degree  in  which  the  Bile,  as  a  whole,  normally  enters 
lto  the  composition  of  the  fasces,  it  is  difficult  to  speak  with  precision. 
is  principal  constituents  can  be  easily  recognised  in  the  upper  part  of 
ae  small  intestine ;  but  the  further  we  descend  in  the  intestinal  canal, 
le  less  of  them  do  we  meet  with;  and  in  the  contents  of  the  large  intestine, 
,nd  in  the  evacuated  faeces,  they  are  only  to  be  discovered  in  small 
uantity.    How  far  this  result  depends  upon  their  removal  from  the 
limentary  canal  by  re- absorption,  and  how  far  upon  the  loss  of  their 
haracteristic  properties  by  decomposition,  cannot  be  stated  with  cer- 
ainty.     According  to  Bischoff,  jun.,  in  the  human  subject  about  45 
rjains  of  the  biliary  acids  are  daily  discharged  by  the  fasces;  whilst, 
ccording  to  Voit's  estimate,  about  170  grains  are  secreted  by  the  liver, 
onsequently  about  125  grains  must  be  either  re-absorbed  or  destroyed 
m  their  course  through  the  intestinal  tube.    From  the  experiments  of 
loppe-Seyler,  it  would  appear  that  in  dogs,  whose  bile  chiefly  contains 
aurocholic  acid,  this  acid  undergoes  changes  in  passing  through  the 
limentary  canal  which  are  identical  with  those  produced  by  boiling 
pith  acids,  or  with  alkalies,  or  which  occur  in  the  act  of  putrefaction, 
holalic  acid,  dy  sly  sin,  and  choloidinic  acid  being  produced.   On  the  other 
land,  in  the  faeces  of  those  animals  that,  like  oxen,  secrete  bile,  of  which 
dycocholic  acid  is  the  chief  constituent,  this  acid,  being  compara- 
ively  stable  and  scarcely  destroyed  even  by  putrefaction,  may  be 
bund  in  considerable  quantity.    That  the  colouring  matter  of  the  faeces 
s  in  great  part  derived  from  the  bile,  is  shown  by  their  paleness  when 
hat  secretion  is  not  duly  poured  into  the  intestinal  tube.    And  it  is 
probable  that  the  peculiar  fatty  substances  usually  present,  are  products 
if  the  metamorphosis  of  its  oleaginous  and  resinous  matters.  The 
similarity  which  has  been  found  to  exist  between  the  odour  of  certain 
components  of  putrefying  bile,  and  that  of  faeces,  has  led  Prof.  Valentin 
to  suppose  that  the  matter  which  gives  to  the  latter  their  characteristic 
smell,  is  entirely  derived  from  decomposing  bile.    We  shall  presently 
see,  however,  that  other  sources  of  this  matter  probably  exist  (§  126); 
and  the  recent  researches  of  Bidder  and  Schmidt  upon  the  amount  of 
sulphur  in  the  faeces,  appear  to  show  that  not  above  one-eighth  of  the 
solid  matter  of  the  bile  is  normally  excreted  under  this  form.  The 
indications  of  the  presence  of  bile  are  especially  distinct  when  the  faeces 
have  remained  for  only  a  short  time  in  the  large  intestine,  and  when 
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there  has  consequently  been  less  time  for  its  re-absorption.  In  faecal 
discharges,  which  result  from  the  action  of  mercurials,  large  quantities 
of  biliary  matter  may  be  detected  very  little  changed. 

126.  Although  it  cannotbestatedwithcertaintywhatisthepreci.se 
portion  of  the  Glandular  apparatus  connected  with  the  Intestinal  canal, 
which  is  concerned  in  the  elimination  of  that  peculiarly  putrescent 
matter,  which  gives  to  the  faeces  their  characteristic  odour,  yet  it  may  be 
stated,  almost  with  certainty,  that  this  matter  is  not  derived  from  the 
decomposition  of  the  undigested  residue  of  the  food.  For,  in  the  first 
place,  this  residue  consists  of  matters  whose  very  inaptitude  for  under- 
going chemical  change  is  the  source  of  their  in  digestibility ;  and  it  is 
scarcely  possible,  therefore,  to  imagine  that  in  so  short  a  period  they 
should  acquire  a  character  so  peculiarly  offensive.  But,  further,  we 
observe  that  fiscal  matter  is  still  discharged,  even  in  considerable 
quantities,  long  after  the  intestinal  tube  has  been  completely  emptied  of 
its  alimentary  contents.  We  see  this  in  the  course  of  many  diseases, 
when  food  is  not  taken  for  several  days,  during  which  time  the  bowels 
have  been  completely  emptied  of  their  previous  contents  by  repeated 
evacuations.  Sometimes  a  copious  flux  of  putrescent  matter  continues 
to  take  place  spontaneously ;  whilst  it  is  often  produced  by  the  agency 
of  purgative  medicine.  The  "  colliquative  diarrhoea,"  which  frequently 
comes  on  at  the  close  of  exhausting  diseases,  and  which  usually  precedes 
death  by  starvation,  appears  to  depend,  not  so  much  upon  a  disordered 
state  of  the  secreting  organs  themselves,  as  upon  the  general  disintegra- 
tion of  the  solids  of  the  body,  which  calls  them  into  extraordinary 
activity  for  the  purpose  of  separating  the  decomposing  matter  which  has 
accumulated  in  it  to  a  most  unusual  amount  (§  77). — These  views 
(which  have  long  been  taught  by  the  Author)  derive  a  remarkable 
confirmation  from  the  experiments  of  Prof.  Liebig  on  the  production  of 
artificial  fiecal  matter.  For  he  has  ascertained  that  if  albuminous  or 
gelatinous  compounds  be  heated  with  solid  hydrate  of  potash,  and  the 
heat  be  continued  until  the  greater  part  or  the  whole  of  the  nitrogen  has 
been  dissipated  as  ammonia,  and  hydrogen  begins  to  be  given-off,  the 
residue,  when  supersaturated  with  dilute  sulphuric  acid,  and  distilled, 
yields  a  liquid  containing  acetic  and  butyric  acids,  and  possessing  in  a 
very  intense  degree  the  peculiar  and  characteristic  odour  of  human 
faeces.  The  odour  varies  according  to  the  substance  employed ;  and  in 
this  way  all  varieties  of  faecal  smell  may  be  obtained.  As  the  action  of 
caustic  potash  at  a  high  temperature  is  simply  a  limited  or  incomplete 
oxidation  or  combustion,  this  curious  result  confirms  the  view  which  had 
been  previously  put  forth  by  Prof.  Liebig,  that  the  proper  fiecal  matter 
is  the  product  of  the  imperfect  oxidation  which  a  portion  of  the  histo- 
genetic  constituents  of  the  food  undergo  in  the  course  of  their  retrograde 
metamorphosis,  being  comparable  to  the  soot  or  lamp-black  of  a  furnace 
or  lamp.  It  is  further  urged  by  him,  that  the  condition  of  faeces  differs 
in  many  particulars  from  that  of  substances  in  a  state  of  fermentation  or 
putrefaction ;  that  their  peculiar  odour  is  entirely  unlike  any  that  is 
generated  by  the  ordinary  decomposition  of  organic  compounds,  whether 
azotized  or  non-azotized  ;  and  that,  by  contact  with  air,  they  themselves 
undergo  a  sort  of  fermentation  or  putrefaction,  in  Avhich  their  peculiar 
fcctor  disappears, — a  fact,  as  he  justly  remarks,  which  is  full  of  siguifi- 
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ice.*  This  view  is  of  great  practical  importance  ;  for  if  it  be  true 
it  the  intestinal  canal  receives  and  discharges  the  products  of  the 
sreting  action  of  a  glandular  apparatus,  whose  special  function  is  the 
imination  of  certain  products  of  decomposition  from  the  blood,  the 
ality  with  which  we  can  stimulate  this  to  increased  action  by  certain 
ads  of  purgative  medicine,  gives  us  a  most  valuable  means  of  aug- 
mting  its  depurative  action.  Seeing,  as  no  observant  Medical  Practi- 
<ner  can  avoid  doing,  how  frequently  Nature  herself  employs  this 
eans  of  ek'minating  morbific  matter  from  the  system, — as  is  shown  by 
3  immense  relief  often  given  by  an  attack  of  diarrhoea, — we  may  look 
on  this  apparatus  as  one  which,  like  the  Liver,  the  Kidney,  or  the 
in,  may  frequently,  with  propriety,  be  stimulated  by  medicines  that 
ve  a  special  action  upon  it,  and  one  through  which  some  morbific 
.tters  may  be  got  rid  of  more  certainly  and  more  speedily  than  through 
y  other  channel. — It  is  not  intended  by  these  observations  to  en- 
irage  the  system  of  violent  and  indiscriminate  purgation;  but  to 
)w  that  purgatives,  judiciously  administered,  often  constitute  our  best 
ans  of  eliminating  injurious  matters  from  the  system. 


CHAPTER  VI. 

OF   ABSORPTION   AND  SANGUIFICATION. 
1.  Of  Absorption  from  the  Digestive  Cavity. 

127.  So  long  as  the  Alimentary  matter  remains  in  the  Digestive  cavity, 
wever  perfect  may  be  its  state  of  preparation,  it  is  as  far  from  being 
iducive  to  the  nutrition  of  the  system,  as  if  it  were  in  contact  with  the 
;ernal  surface.  It  is  only  when  absorbed  into  the  vessels,  and  carried 
the  circulating  current  through  the  very  substance  of  the  body,  that  it 
comes  capable  of  being  appropriated  by  its  various  tissues  and  organs. 
Man,  as  in  nearly  all  Vertebrated  animals,  a  set  of  vessels  is  interposed 
'.ween  the  walls  of  the  intestine  and  the  sanguiferous  system  ;  for  the 
rpose,  as  it  would  seem,  of  taking-up  certain  components  of  the  nutri- 
e  matter,  of  which  part  at  least  are  not  in  a  state  of  perfect  solution, 
dof  preparing  them  for  being  introduced  into  the  current  of  the  blood, 
lese  are  the  Absorbents  of  the  intestinal  walls ;  of  which  those  that  are 
ind,  after  the  performance  of  the  digestive  process,  to  contain  the  white 
alescenb  fluid  known  as  '  chyle,'  are  distinguished  as  lacteals ;  while 

2  remainder,  like  the  absorbents  of  the  system  generally,  are  known  as 
vphatics.    The  distinction  is  a  purely  artificial  one ;  for  the  1  lacteals' 

3  the  '  lymphatics'  of  those  parts  of  the  intestinal  walls  which  they 

as  is  shown  by  the  fact  that,  during  the  intervals  of  the  digestive 
3cess,  they  contain  a  transparent  fluid  in  all  respects  similar  to  the 
/mph'  of  other  parts. — The  Absorbents  form  a  minute  plexus  beneath 
i  mucous  lining  of  the  alimentary  canal  along  its  whole  extent ;  but  in 
3  small  intestine  they  enter  the  villi,  at  the  extremities  of  which, 
leed,  they  may  be  said  to  commence.    Those  only  are  entitled  to 

*  See  Prof.  Liebig's  "Animal  Chemistry,"  3rd  edit.  pp.  148-154. 
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Fig.  55. 


the  designation  of  '  lacteals,'  which  originate  from  the  intestinal  canal 
below  the  point  at  which  the  biliary  and  pancreatic  ducts  pour  their 
contents  into  it ;  for  above  that  point,  the  fatty  constituents  of  the 
alimentary  matter  are  not  in  a  state  of  sufficiently  fine  division  to  enter 
them ;  and  the  absorbed  fluid  is  consequently  pellucid,  instead  of  pos- 
sessing the  milky  aspect.  Thus,  then,  we  are  to  consider  the  lacteal 
portion  of  the  Absorbent  system  to  be  that  part  of  it  which  is  specially 
adapted,  by  its  prolongation  into  the  villi,  for  the  reception  of  an 
Oleaginous  fluid ;  which  we  shall  presently  see  to  be  taken-up  from  the 
contents  of  the  alimentary  canal,  and  to  be  prepared  for  entrance  into  the 
absorbents,  by  the  epithelium-cells  at  the  radical  extremities  of  those 
organs  (§  128). 

128.  The  Villi  are  extensions  of  the  mucous  lining  of  the  Intestinal 
canal,  which  thickly  beset  its  surface  from  the  pyloric  orifice  to  the 

cgecurn,  that  is,  through  the  entire  length  of 
the  Small  Intestine,  to  which  they  are  limited 
in  Man.  They  have  usually  somewhat  the  form 
of  the  finger  of  a  glove,  being  sometimes  nearly 
cylindrical,  sometimes  rather  conical,  whilst 
they  not  unfrequently  become  flattened  and  ex- 
tended at  the  base,  so  that  two  or  more  coalesce. 
Their  length  varies  from  l-4th  to  l-3rd  of  a 
line,  or  even  more ;  and  the  broad  flattened 
kinds  are  about  l-6th  to  l-8th  of  a  line  in 
breadth. — In  the  upper  part  of  the  small  in- 
testine, where  they  are  most  numerous,  it  has  I 
been  calculated  by  Krause  that  there  are  not  I 
less  than  from  50  to  90  in  a  square  line ;  and  I 
in  the  lower  part,  from  40  to  70  in  the  same  I 
area. — The  details  of  their  structure  are  of  I 
extreme  interest  in  reference  to  the  mechanism 
Vlt^°f  the  Human  intestine,  with  of  absorption.      If  the   plan   pursued  by  I 
eir  cap  ary  p  exus  injected.   Teichmann,  that  of  injection,  be  adopted,  the  J 
appearances  presented   are   those  shown  in  Figs.  56  and  57,  taken 
from  the  beautiful  plates  which  accompany  his  work  on  the  Lym-  I 
phatic  System.*    From  these  it  appears  that  the  lacteals  commence  I 
either  by  a  simple  closed  extremity,  or  by  a  loop,  though  in  broad  I 
villi  a  network  is  sometimes  visible.     The  tube  or  tubes  occupy-  I 
ing  the  centre  of  the  villus  appear  to  possess  perfectly  definite  walls, 
and  are  larger  than  the  numerous  capillary  blood-vessels  which  sur-  I 
round  and  are  external  to  them.    Their  average  diameter  is  about  | 
l-800th  or  l-1000th  of  an  inch;  but  they  present  here  and  there  slight 
dilatations  and  contractions,  and  at  the  base  of  the  villus  terminate  in  a 
network  of  lacteal  vessels  immediately  subjacent  to  the  Lieberkuhnian 
follicles  (Fig.  57  b),  termed  by  Teichmann,  from  the  closeness  of  the 
meshes,  the  Bete  angustum.    This  plexus  communicates  with  another 
possessing  larger  vessels,  which  are  supplied  with  valves,  are  morel 
deeply  situated  in  the  submucous  areolar  tissue  (Fig.  57  c),  and  con-  f 
stitute  the  so-called  Bete  amplum.    Besides  these  plexuses,  Auerbachf 

1861. 

1865,  p.  127. 


Ludwig  Teichmann,  "Das  Saugader  System,"  Leipzig, 
Siebold  and  Kolliker,  "Zeits.  f.  Wiss.  Zool.,"  Bd.  xv.  1 
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is  more  recently  called  attention  to  other  plexuses  of  lymphatics, 
tuated  in  and  between  the  muscular  coats  of  the  intestines.    In  the 


Fig.  56. 


A.  Villi  of  Man,  showing  the  blood-vessels,  and  the  lacteals. 

B.  Villus  of  a  Sheep. 


i  agitudinal  muscular  layer  one  such  plexus,  and  in  the  circular  layer 
|  veral  may  be  found,  to  which  he  has  applied  the  name  of  interfascicular 
ftpillaries  of  the  lymphatics,  and  all  of  which  pour  their  contents  into 
m  median  system  of  larger  channels,  possessing  valves,  and  occupying 
if'  e  space  between  the  circular  and  longitudinal  muscular  coats,  which 
I ;  has  termed  the  interlaminar  network.    This  last  he  considers  Te- 
l:'esents  the  subserous  or  subperitoneal  layer  of  other  observers,  a  layer 
rl  hich  is  only  present  at  and  in  the  immediate  vicinity  of  the  attachment 
the  mesentery.    Some  of  the  finest  of  these  capillary  lymphatics 
I  >pear  to  have  no  other  parietes  than  such  as  may  be  formed  by  the 
I  Ihesion  of  a  single  layer  of  sinuously-contoured  tessellated  epithelium 
I  lis.    In  addition  to  the  central  lacteal,  each  villus  is  composed  of  a 
1  atrix  of  areolar  tissue,*  without  any  intermixture  of  elastic  fibres, 
[■  •ntaining  in  its  interstices  numerous  branched  and  communicating 
[lulls  with  nuclei,  and  frequently  also  fat-granules  in  their  interior. 
I  o  nervous  elements  have  been  traced  into  the  villi ;  but  a  layer  of 
PI  uscular  fibre-cells  has  been  shown  by  Kolliker  and  others  to  surround 
I  e  lacteal  tubes,  the  contraction  of  which  has  been  frequently  observed 

*  Kolliker,  "Manual  of  Human  Histology,"  p.  325. 
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Fig.  57. 


Perpendicular  section  through  one  of  Peyer's  patches  in  the  lower  part  of  the  ileum  of  the  Sheep, 
a.  Lacteal  vessels  in  the  villi.  6.  The  superficial  layer  of  the  lacteal  vessels  (rete  angustum).  c.  The 
deep  layer  of  the  lacteals  (rete  amplum).  d.  Efferent  vessels,  provided  with  valves,  e.  Lieberkuhn's 
glands.  /.  Peyer's  glands,  g.  Circular  muscular  layer  of  the  wall  of  the  intestine,  h.  Longitudinal 
muscular  layer,   t.  Peritoneal  layer. 

Fig.  58. 


A  perpendicular  section  through  the  wall  of  the  Processus  Vermiformis  (Man),  a.  Lieherkfihrna 
glands,  b.  Solitary  follicle,  c.  Lacteal  vessels,  surrounding  but  not  penetrating  the  follicles.  * 
d  are  seen  the  larger  efferent  vessels,  provided  with  valves. 
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hilst  absorption  is  going  on,  and  has  an  important  influence  on  the 
ropulsion  of  the  fluids  contained  within  those  vessels. 

129.  When  the  Villi  are  examined  at  such  a  period  after  a  meal  con- 
uning  oleaginous  matters  as  has  sufficed  for  its  partial  digestion,  their 
cteals  are  seen  to  be  turgid  with  chyle,  the  extremity  of  each  being 
ubedded  in  a  collection  of  globules  presenting  an  opalescent  appear - 
ice,  and  giving  to  the  end  of  the  villus  a  somewhat  mulberry-like 
r>rm.    It  was  supposed  by  Prof.  Goodsir,*  by  whom  this  appearance 
I  as  first  observed,  that  these  globules  were  cells  developed  within  the 
asement-membrane  during  the  act  of  absorption,  from  what  he  con- 
•dered  to  be  granular  germs  visible  in  the  same  situation  during  the 
itervals  of  the  process;  but  there  can  now  be  little  doubt  that  the 
opearance  in  question  is  really  due  to  the  distension  of  the  cylindrical 
lithelial  cells  investing  the  villi  with  the  lacteal  fluid.    As  it  is  a 
.latter  of  much  interest  to  examine  and  explain  the  mode  in  which 
^sorption  in  this,  its  first  stage,  is  effected,  the  attention  of  many  ob- 
rirvers  has  been  directed  to  the  structure  of  these  cylindrical  investing 
nthelial  cells ;  and  if  the  observations  of  Heidenhain  and  Brlicke  be 
nrrect,  our  knowledge  of  the  mode  of  absorption  of  various  substances, 
ad  especially  of  those  of  an  oleaginous  nature,  will  be  materially  sim- 
ified.    According  to  these  investigations,')'  the  investing  cells  of  the 
Hi  (c,  Fig.  59)  are  of  cylindrical  form,  with  a  ciliated  border,  and  are 
Jed  with  a  clear  sarcode  containing  a  bright  nucleus.    The  cilia  stand 
ect  during  life,  but  quickly  disappear  after  death,  being  replaced  by  a 
obular  swelling  projecting  from  the  mouth  of  the  cell,  occasioned  by 


*5_^-foin  Phi1'  Jtmrn-'"  July'  1842'  and  "Anatom.  and  Pathol.  Observ.," 

t  See  Heidenhain  in  Moleschott's  "  Unterrachungen,"  Bd.  iv.  1858,  p.  251 ;  and 
'uckein  id.  B.  viii.  1862,  p.  495 ;  and  in  "  Denksohrift.  d.  k.  Akad.  d.  wiss.  zu  Wien  " 
l.  vi.  t>  i  n?»  ' 


Fig.  59. 


Fig.  60. 


Diagrammatic  representation 
of  the  Origin  of  the  Lacteals  in  a 
Villus:— e.  Central  lacteal;  d. 
Connective-tissue  corpuscles  with 
communicating  branches  ;  c.  Cili- 
ated columnar  epithelial  cells,  the 
attached  extremities  of  which  are 
djrectly  contiguous  with  the  con- 
nective-tissue corpuscles.  After 
Funke. 


Origin  of  the  Lacteals  acoording  to  Let- 
zerich.  The  vacuolar,  a,  are  seen  to  be  in- 
tercalated amongst  the  columnar  epithelial 
cells,  and  to  communicate  with  a  delicate 
plexus,  b,  that  opens  at  various  points  into 
the  central  lacteal,  c,f;  d.  Layer  of  clear 
connective  tissue;  e.  Connective  tissue 
with  numerous  nuclei. 
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the  imbibition  of  water.  The  wide  and  free  extremity  of  these  cells  is 
supposed  by  some  (Briicke)  to  be  almost  or  completely  patent,  or  closed 
only  by  a  plug  of  sarcode-like  substance,  whilst  Funke*  and  others  con- 
sider it  to  be  covered  by  a  delicate  septum  perforated  like  a  colander 
with  extremely  fine  canals  or  pores.  The  small  and  attached  extre- 
mities of  these  cells  are  believed  to  be  prolonged  into  the  interior  of  the 
villi,  becoming  continuous  with  the  caudate  processes  of  the  corpuscles 
of  the  connective  tissue  (d)  which  constitutes  the  matrix,  and  which 
again  open,  as  shown  in  Fig.  59,  into  the  lacteal  vessel  (c),  thus  afford- 
ing a  direct  means  of  entrance  for  the  fatty  matters  into  the  absorbent 
system,  and  explaining  the  occasional  introduction  of  solid  particles 
into  the  circulating  current,  f  Very  recently  a  modification  of  these 
views  has  been  proposed  by  M.  Letzerich,;}:  who  has  devoted  much 
attention  to  this  difficult  subject  of  inquiry,  and  the  results  of  whose 
investigations  are  shown  in  Fig.  60.  M.  Letzerich  recommends  the 
intestines  of  the  hedgehog  soon  after  a  full  meal  as  the  most  favourable 
subject  for  examination;  though  similar  appearances  may  be  met  with 
in  other  animals.  He  describes  the  epithelial  cells  as  columnar  in  form, 
and  as  for  the  most  part  regularly  arranged  on  the  surface  of  the  base- 
ment-membrane of  the  villi,  but  interrupted  here  and  there  by  certain 
flask-shaped  bodies  possessing  open  mouths,  and  continuous  by  their 
inner  attenuated  extremities  with  a  vascular  network  lying  between  the 
basement-membrane  of  the  villus  and  the  central  lacteal.  These  he 
considers  to  be  the  true  channels  for  absorption,  and  states  that  after  a 
meal  containing  oleaginous  material  the  flask-shaped  bodies,  or  vacuoles, 
the  delicate  and  more  internally  situated  plexus  of  absorbent  vessels,  and 
the  central  lacteal  may  all  be  seen  charged  with  oily  particles.§ 

*  Physiologic"  1863,  p.  365. 

t  These  epithelial  cells  were  described  by  MM.  Gruby  and  Delafond  ("C.  Rendus," 
1843,  1195),  as  possessing  cilia  on  their  free  margin  ;  but  Kblliker,  Funke,  and  more 
recently  Schultze,  considered  this  appearance  as  illusory,  and  produced  by  the  thick 
membrane  closing  the  free  extremity  of  the  cell  being  perforated  by  very  delicate  pores 
or  canals,  whilst  after  death  it  split  up  in  such  a  manner  as  to  resemble  a  bundle  of 
cilia  (Kblliker,  "  Mikroskop.  Anat.,"  1860,  p.  329).  Balogh,  agreeing  with  Kblliker 
as  to  the  lines  in  question  being  canals,  differed  from  him  in  believing  them  to  be  not 
pre-existent,  but  merely  the  indications  of  the  passages  made  by  the  molecules  of  fat 
in  penetrating  the  delicate  tissue  occluding  the  mouth  of  the  cell  (Moleschott's 
"  Unters.,"  Bd.  vii.  1861,  p.  556).  Brettauer  and  Steinacb,  on  whose  observations  the 
statements  of  Briicke,  Heidenhain,  and  other  later  authors  are  founded  (Brettauer  and 
Steinacb,  "  Sitzungsbericht  d.  k.  Akad.  d.  wissen.  zu  Wien,"  1857,  Bd.  xxiii.  p  303), 
maintained  that  the  apparent  cilia  were  prolongations  of  the  cell-contents,  the  cells 
themselves  terminating  with  a  smooth  circular  margin.  They  described  the  columnar 
arrangement  as  broadest  and  most  distinct  in  fasting  animals,  whilst  in  cells  filled 
with  fat  it  diminishes  to  one-half  or  one-third  of  its  former  breadth,  and  the  strise  dis- 
appear, so  that  only  a  bright  narrow  rim  or  border  is  left.  Lastly,  Wiegandt  is  stated 
in  Canstatt's  "  Jahresbericht "  for  1862,  p.  32,  to  view  the  cilia  as  merely  the  optical 
expression  of  strise  or  wrinkles. 

J  Virchow's  "  Archiv,"  Bd.  xxxix.  1867,  p.  435. 

§  These  statements  of  Letzerich  have  met  with  much  opposition.  Lipsky  ("  Wiener 
Sitzungsber.,"  Bd.  lv.  p.  183),  Erdmann  ("Die  Resorptionswege,"  &c),  and  Sachs 
(Virchow's  "Archiv,"  Bd.  xxxix.  p.  493),  regard  the  vacuoke  as  the  results  of  manipu- 
lation, and  deny  their  original  existence  altogether.  Others,  as  Oeffinger  (Reichert's 
"  Archiv,"  1867,  p.  337),  whilst  admitting  their  presence  during  life,  believe  they 
proceed  from  natural  changes  occurring  in  the  ordinary  epithelial  cells,  Buch  as  imbibi- 
tion of  water,  &c.  Others,  again,  as  Schultze  ("Archiv  f.  Mikroskop.  Anat.,"  Bd.  iii- 
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130.  In  regard  to  the  degree  in  which  the  function  of  Nutritive  Ab- 
orption  is  performed  by  the  Lacteals  and  by  the  Sanguiferous  system 
•aspectively,  considerable  difference  of  opinion  has  prevailed.  When 
ae  Absorbent  vessels  were  first  discovered,  and  their  functional  impor- 
ance  was  perceived,  it  was  imagined  that  the  introduction  of  alimentary 
uid  into  the  vascular  system  took  place  by  them  alone.    Such  an  idea, 
owever,  would  be  altogether  inconsistent  with  the  facts  of  Comparative 
:.natomy  ;*  and  it  is  completely  negatived  by  the  results  of  experiment. 
>vr  that  Absorption  is  effected  to  a  very  considerable  amount  by  the 
[^ency  of  the  Blood-vessels,  is  shown  in  the  first  place,  by  the  readiness 
iith  which  aqueous  fluids  and  even  alcohol  are  taken-up  from  the 
erietes  of  the  Stomach,  and  are  carried  into  the  general  circulation, 
tfhus  in  a  case  of  extroversion  of  the  bladder,  observed  by  Mr.  Erich- 
»cn,f  in  which  the  urinary  secretion  could  be  collected  immediately  on 
-*3  passing  from  the  kidney,  when  a  solution  of  ferrocyanide  of  potassium 
laas  taken  into  the  stomach,  this  salt  was  detected  in  the  urine  in  one 
instance  within  1  minute,  and  in  three  other  instances  within  2^ 
ai. inutes.    In  the  interesting  experiments  of  Dr.  Bence  Jones  and  M. 
li!upre,|  the  rapidity  of  absorption  of  certain  salts  from  the  stomach  has 
»een  shown  to  be  very  great,  a  few  grains  of  chloride  of  lithium  given 

I  a  fasting  guinea-pig  diffusing  itself  through  all  the  vascular  textures, 
Bad  even  into  the  cartilage  of  the  hip-joint,  in  the  short  space  of  15 
jliinutes,  and  permeating  every  part  of  the  lens,  even  in  old  animals,  in 
luur  hours.  In  like  manner,  from  experiments  on  cataractous  lenses  in 
Jaan,  it  appears  that  traces  of  quinine  may  be  discovered  in  the  lens  in 
ftoout  2^  hours  after  its  ingestion.  In  the  analogous  experiments  of 
Buulenberg§  and  of  Colin, |[  iodide  of  potassium,  when  injected  into  the 
■>omach,  could  be  detected  in  the  parotidean  saliva  in  from  20  to  45 
minutes,  and  when  into  the  small  intestine  of  a  horse  in  so  short  a 
BRriod  as  6  minutes  in  the  chyle.  In  all  these  cases,  however,  the 
;i)omach  may  be  presumed  to  have  been  empty,  and  the  vascular  system 

a  state  of  aptitude  for  absorption  ;  since  the  experiments  were  made 
tt'ther  after  a  long  fast,  or  at  least  four  hours  after  a  light  meal.  When, 
M  i  the  other  hand,  the  salt  was  introduced  into  the  stomach  soon  after 
Beie  ingestion  of  alimentary  substances,  a  much  longer  period  elapsed 
■1  ifore  it  could  be  detected  in  the  urine  ;  thus,  when  a  substantial  meal 
Hud  been  taken  two  hours  previously,  the  interval  was  12  minutes; 

I I  hen  tea  and  bread-and-butter  had  been  taken  one  hour  previously,  the 
interval  was  14  minutes;  a  similar  meal  having  been  taken  twenty-four 
n  inutes  previously,  the  interval  was  16  minutes;  when  only  two  minutes 
H*»d  passed  since  the  conclusion  of  such  a  meal,  the  interval  was  27 

I  inutes ;  and  when  a  solid  meal  had  been  concluded  just  before  the  in- 
il  oduction  of  the  salt,  the  interval  was  39  minutes. — These  facts  are  of 

I ».  145  and  204),  and  Theod.  Eimer,  in  whose  little  pamphlet  ("Die  Becherzellen") 
I  e  reader  will  find  an  interesting  epitome  of  all  the  essays  (37  in  number)  on  this  sub- 
■  -t  up  to  1868,  are  of  opinion,  that  there  is  a  real  and  primary  difference  between  the 
if  lumnar  cells  and  the  vacuolse,  and  they  regard  the  latter  as  mucus-secreting  organs. 
I  *  See  "  Princ.  of  Comp.  Phys.,"  chap.  iv. 
Jt"  Medical  Gazette,"  vol.  xxxvi.  p.  363. 

I  +  "  Proceedings  of  the  Roy.  Soc,"  vol.  xiv.  p.  220,  and  xv.  p.  73. 
H  §  Hermann's  "  Medicin.  Centralblatt,"  1865,  p.  529. 
I  ||  Canstatt's  "Bericht,"  1865,  p.  104. 
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great  importance,  in  showing  the  very  marked  influence  which  the 
state  of  the  stomach  exercises  upon  the  absorption  of  matters  introduced 
into  it.    Not  less  important,  however,  is  the  state  of  the  vascular  system 
in  regard  to  turgescence  or  emptiness ;  for  it  was  found  by  Magendie, 
that  when  he  had  injected  a  considerable  quantity  of  water  into  the  veins 
of  a  dog,  poison  was  absorbed  very  slowly ;  whilst,  if  he  relieved  the 
distension  by  bleeding,  there  was  speedy  evidence  of  its  entrance  into 
the  circulation. — The  rapidity  with  which  not  only  aqueous  but  alco- 
holic liquids  introduced  into  the  stomach  may  pass  into  the  general 
circulation,  has  been  shown  by  the  experiments  of  Dr.  Percy  ;*  who 
found  that  when  strong  alcohol  was  injected  into  the  stomach  of  dogs, 
the  animals  would  sometimes  fall  insensible  to  the  ground  immediately 
upon  the  completion  of  the  injection,  their  respiratory  and  cardiac 
movements  ceasing  within  two  minutes;  and  that  on  post-mortem 
examination  in  such  cases,  the  stomach  was  nearly  empty,  whilst  the 
blood  was  highly  charged  with  alcohol ;  thus  rendering  it  almost  certain, 
that  not  merely  the  final  destruction  of  nervous  power,  but  the  imme- 
diate loss  of  sensibility,  was  due  to  the  action  of  alcoholized  blood  upon 
the  nervous  centres. — Finally,  numerous  experiments  have  been  made 
by  various  physiologists,  which  have  demonstrated  that  absorption  of 
alimentary  and  other  substances  may  take  place  from  the  walls  of  the 
Stomach ;  these  substances  having  been  prevented  from  passing  into  the 
intestine,  by  a  ligature  around  the  pylorus.    Now,  as  the  Absorbent 
system  does  not  present  that  peculiar  arrangement  in  the  coats  of  the 
stomach,  which  it  does  in  those  of  the  intestinal  tube,  there  can  be 
little  doubt  that  the  introduction  of  such  substances  into  the  system 
must  be  effected  chiefly,  if  not  entirely,  through  the  medium  of  its 
sanguiferous  capillaries. 

131.  That  the  Blood-vessels  of  the  Intestinal  tube  largely  participate 
in  the  introduction  of  soluble  alimentary  matter  into  the  system,  has 
been  clearly  proved  by  various  observations  upon  the  constitution  of 
the  blood  of  the  Mesenteric  veins  ;   these  having  shown,  that  after 
the  digestion  of  albuminous  and  farinaceous  or  saccharine  substances, 
albuminose,  dextrin,  grape-sugar,  and  lactic  acid,  are  detectible  in  that 
fluid,  whose  usual  composition  is  greatly  altered  by  the  presence  of 
these  substances,  as  well  as  by  the  augmented  proportion  of  water 
which  it  contains.    Moreover,  it  is  asserted  by  Bruch,t  that  so  large  a 
quantity  of  fat  is  absorbed  into  the  blood-vessels,  that  the  superficial 
capillary  network  sometimes  presents  an  opalescent  whiteness.  We  may 
consider  the  Sanguiferous  vessels,  then,  as  affording  the  usual  channel 
by  which  a  large  part  of  the  nutritive  materials  are  introduced  into 
the  system ;  but  these  are  not  allowed  to  pass  into  the  general  current 
of  the  circulation,  until  they  have  been  subjected  to  an  important  assi- 
milating process,  which  it  appears  to  be  one  great  office  of  the  Liver  to 
perform,  whereby  they  are  rendered  more  fit  for  the  purposes  they  are 
destined  to  serve  in  the  economy.  Of  this  we  shall  have  presently  to  speak. 
— But  the  absorbent  power  which  the  blood-vessels  of  the  Alimentary 
canal  possess,  is  not  limited  to  alimentary  substances ;  for  it  is  through 

*  "  Experimental  Inquiry  concerning  the  Presence  of  Alcohol  in  the  Ventricles  of  I 
the  Brain,"  p.  61. 
f  Siebold  and  Kolliker's  "  Zeitschrift,"  April,  1853. 


ABSORPTION  FliOJI  THE  DIGESTIVE  CAVITY. 


161 


hem  almost  exclusively,  that  soluble  matters  of  every  other  descrip- 
ion  are  received  into  the  circulation.    This,  which  may  now  be  con- 
idered  a  well-established  fact,  was  first  clearly  shown  by  the  care- 
ullv  conducted  experiments  of  MM.  Tiedemann  and  Gmelin,*  who 
singled  with  the  food  of  animals  various  substances,  which,  by  their 
olour,  odour,  or  chemical  properties,  might  be  easily  detected  in  the 
uuids  of  the  body  :  after  some  time  the  animal  was  examined ;  and  the 
►esult  was,  that  unequivocal  traces  of  such  substances  were  not  unfre- 
uently  detected  in  the  venous  blood  and  in  the  urine,  whilst  it  was 
inly  in  a  very  few  instances  that  any  indication  of  them  could  be  dis- 
covered in  the  chyle.f 

132.  The  process  of  absorption  by  the  Blood-vessels  is  effected  by  the 
peration  of  forces  of  a  purely  physical  character,  the  chief  phenomena 
f  which  are  embraced  under  the  general  term  of  Osmosis,  and  which 
may  here  be  briefly  noticed.  When  two  fluids,  miscible  with  one 
nother,  are  placed  on  the  opposite  sides  of  an  animal  membrane  or 
;her  porous  septum,  currents  are  generally  established  in  opposite 
rections,  the  activity  of  which  is  essentially  dependent  upon  the 
ture  of  the  septum  and  the  affinity  of  the  fluids  for  one  another, 
he  instrument  by  which  these  effects  are  best  shown,  is  termed  an 
dosmometer,  and  consists  (Fig.  23)  of  a  tube  b,  whose  wide  extremity 
partially  filled  with  the  fluid  to  be  experimented-on,  and  is  then 
mersed  in  a  vessel  of  pure  water,  a,  the  height 
which  is  accurately  kept  at  the  same  level  as 
at  to  which  the  fluid  rises  or  falls  within  the 
ibe,  in  order  to  avoid  the  effect  of  unequal  hy- 
postatic pressure.  In  the  majority  of  experi- 
ents  of  this  nature  the  membrane  is  capable 
'  being  wetted  by  the  fluids  on  both  sides,  as 
en  water  and  a  solution  of  some  salt  are  em- 
oyed.  It  is  then  found  that  a  strong  current 
ts  from  the  water  to  the  saline  solution,  termed 
e  endosmotic  current,  the  energy  of  which  is 
thin  certain  limits  proportional  to  the  density 
'  the  solution, :f  whilst  the  amount  of  water  en- 
ng  will,  of  course,  vary  with  the  extent  of 
ace  presented  by  the  membrane.  On  the 
er  hand,  the  water  without  becomes  impreg- 
ted  with  a  portion  of  the  salt  from  the  establish- 
ent  of  a  counter  current,  hitherto  termed  the 
osmotic  current,  which  will  continue  until  the 
nsity  of  the  fluids  on  the  two  sides  of  the 
mbrane  is  equal.    The  experiments  of  Prof. 

•aham,  Briicke,  and  others,  however,  render  it  probable  that  the 

*  "  Versuchc  iiber  die  Wege  auf  welchen  Substanzen  aus  dem  Magen  und  Darra- 
Ual  ins  Blut  gelangen,"  Heidelberg,  1820. 

f  Colin,  on  examining  the  fluid  of  the  thoracic  duct,  readily  found  iodide  and 
I  rocyanide  of  potassium  in  dogs,  sheep,  and  oxen,  to  which  these  salts  had  been 
|  ninistered  eighteen  minutes  previously.  ("  Bulletin  de  l'Acade'mie,"  xxvii.  p.  948.) 
t  It  is  considered  by  Liebig,  that  the  purgative  effects  of  concentrated  saline  solu- 
ns  are  to  be  accounted  for  on  this  principle — the  establishment  of  an  osmotic  cur- 
it /rom  instead  of  towards  the  circulating  sytem.    It  is  difficult,  however,  thus  to 
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passage  of  two  fluid  currents  in  opposite  directions  through  the  mem- 
brane is  only  apparent,  and  that  the  phenomena  may  in  reality  be 
explained  by  the  admission  of  only  a  single  current  setting  inwards 
from  the  pure  water  to  the  saline  solution,  the  apparent  exosmotic 
current  being  due  to  the  particles  of  salt  passing  outwards  by  a  process 
of  solution  in  successive  layers  of  the  pure  water  contained  in  the  pores 
of  the  membrane  until  the  outer  surface  is  reached,  when  they  imme- 
diately diffuse  into  that  liquid,  giving  rise  to  the  appearance  of  a  fluid 
current  in  the  opposite  direction.  The  great  importance  of  the  nature 
of  the  septum  and  of  its  capacity  for  imbibing  or  for  being  permeated 
by  the  liquids,  is  shown  by  the  facility  with  which  the  experiment 
can  be  arranged  in  such  a  manner  that  a  current  shall  only  pass  in 
one  direction  ;  for  if  the  mouth  of  the  instrument  be  closed  with 
bladder,  and  alcohol  be  placed  within  it,  on  immersing  it  in  water  a 
current  is  immediately  established  from  the  water  to  the  alcohol,  the 
increased  bulk  of  which  can  be  ascertained  by  a  scale  attached  to  the 
upper  part  of  b,  but  there  will  be  .  no  evidence  of  a  counter  current 
passing  from  the  alcohol  to  the  water.  If,  on  the  contrary,  the  mouth 
of  the  instrument  be  closed  with  a  thin  lamina  of  caoutchouc,  a  cur- 
rent soon  sets  from  the  alcohol  to  the  water,  and  therefore  in  the  oppo- 
site direction.  We  may  explain  these  phenomena  by  supposing  that 
in  the  former  instance  the  water  possesses  a  superior  attraction  for  the 
membrane,  enters  its  pores  by  imbibition  and  capillary  attraction,  and 
driving  the  alcohol  before  it,  reaches  the  inner  surface  of  the  membrane, 
whence  it  instantly  diffuses  into  that  fluid,  partly  in  consequence  of  the 
mutual  repulsive  force  of  its  own  particles,  and  partly  from  their 
affinity  to  those  of  the  alcohol.  In  the  latter  case  the  alcohol  exerts 
the  same  influence  by  virtue  of  its  superior  affinity  for  the  caoutchouc. 
Professor  Graham,  indeed,  considers  that  the  water  movement  in  os- 
mosis is  simply  an  affair  of  hydration  and  dehydration  of  the  substance 
of  the  membrane  or  other  colloid  septum,  and  that  the  diffusion  of  the 
saline  solution  placed  within  the  osmometer  has  little  or  nothing  to  do 
with  the  osmotic  result  otherwise  than  as  it  affects  the  state  of  hydra- 
tion of  the  septum.* 

133.  It  is  not  absolutely  necessary  that  the  septum  should  be  of  a  solid 
nature,  since  the  same  phenomena  are  observed,  where  as  in  L'Hermite's 
experiment,!  a  layer  of  water  constitutes  the  diaphragm,  being  made  to 
separate  a  subjacent  and  heavier  layer  of  chloroform  from  a  superjacent 
and  lighter  layer  of  ether.  The  water  is  impermeable  to  chloroform,  but 
permeable  to  ether,  which,  therefore,  gradually  penetrates  through  the 
water  to  the  chloroform,  and  from  its  affinity  for  the  latter,  immediately 
diffuses  into  it,  ultimately,  in  opposition  to  the  force  of  gravity,  entirely 
disappearing  from  the  surface  of  the  water.    The  importance  of  the 

account  for  all  the  phenomena  of  saline  purgation ;  and  the  Author  greatly  doubts 
the  validity  of  the  _  explanation.  Some  experiments  performed  by  Aubert  are  also 
strongly  opposed  to  it,  for  he  found  that  the  injection  of  solutions  of  many  oi  the 
neutral  salts  into  the  veins  produced  active  purging:  and  here,  of  course,  the  expla- 
nation suggested  by  Liebig  is  inadmissible.  (See  "  Zeitschrift  fur  rat,  Med.,"  1832, 
t.  ii.jp.  225.)  t  • 

*  For  a  theory  which  is  in  close  accordance  with  this,  see  Buchheimer  (BeitrSgfy 
"Archiv  f.  Phys.  Heilk.,"  1853,  t.  xii. 

t  "  Comptes  Reudus,"  1855,  p.  1179. 
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aiscibility  of  the  fluids  is  clearly  shown  by  the  complete  absence  of 
irrents  which  occurs  when  the  fluids  on  the  opposite  sides  of  the 

■pptum  have  no  affinity  for  one  another,  as  in  the  case  of  oil  and  water, 
r  of  water  and  chloroform.  But  even  when  such  affinity  really  exists, 
id  when,  as  is  usually  the  case  in  the  animal  body,  there  is  more  or 

sss  tendency  in  the  fluids  on  the  opposite  sides  of  the  septum  to  diffuse 
to  one  another,  many  circumstances  may  interfere  to  modify  the  force 
id  direction  of  the  osmotic  currents  besides  those  already  noticed, 
mongst  thes,e  may  be  mentioned  temperature,*  pressure,  electricity,f 

•  e  specific  heat  of  the  fluids,!  the  process  of  evaporation,  the  previous 
lpregnation  of  the  membrane  with  acids,§  or  alkalies, ||  and  lastly,  one 
hich  is  in  constant  operation  in  the  living  body,  viz.,  the  movement  of 
ie  of  the  fluid?,  the  effects  of  which  may  be  clearly  exhibited  by  means 
an  apparatus  essentially  the  same  as  that  constructed  by  Dr.  Robinson, 
d  shown  in  Fig.  62,  where  b  is  a  vessel  containing  coloured  fluid  ;  c  a 

Fig.  62. 


ce  of  intestine  attached  to  the  stopcock  of  b  on  the  one  hand,  and  to  a 
i  ion  on  the  other,  and  immersed  in  a  vessel  of  water,  a.   If  the  siphon 
of  smaller  diameter  than  the  portion  of  intestine,  c,  as  in  the  figure, 
fluid  will  discharge  itself  with  difficulty,  the  intestine  will  become 
at,  and  an  effusion  of  the  coloured  fluid  into  the  pure  water  contained 
khe  vessel,  a,  will  become  apparent ;  but  if  the  diameter  of  the  siphon 
rgreater  than  that  of  the  intestine  attached  to  it,  the  discharge  of  the 
d  will  take  place  easily,  the  membranous  tube  will  become  flaccid, 
1  a  rapid  process  of  absorption  of  the  water  or  of  any  saline  solution 
v  will  occur.'lf    In  a  recent  paper  by  Professor  Graham,**  of  great 
r;reat  in  reference  to  the  phenomena  we  are  now  discussing,  that 

*  Eckhard,  "  Beitrage,"  1858,  p.  95. 

t  Brooke,  "Nat.  Phil.,"  1860. 
'  j  Beclard,  "  Physiologie,"  1862,  p.  176. 

§  Harzer,  "Archivf.  Phys.  Heilk.,"  1856,  t.  xv. 

|  Wi8tinghausen,  "Dissert.,"  Dorpat,  1851. 
II  Robinson,  "Contributions  to  Physiology,"  1857,  p.  98. 
**  "Trans.  Royal  Soc,"  1861,  part  i. 
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chemist  shows  that  some  substances,  as  the  salts  of  the  metals,  generally 
pass  through  porous  septa  with  facility ;  and  these  and  all  substances 
so  diffusing  themselves  he  proposes  to  call  crystalloids;  whilst  others,  as 
alumina,  hydrated  silicic  acid,  gum,  dextrin,  gelatin,  albuminous  sub- 
stances, &c,  pass  with  great  difficulty,  or  not  at  all.  These  he  denomi- 
nates "  colloids."*  The  latter  are  characterized  by  possessing  feeble 
chemical  reactions ;  by  diffusing  very  slowly  in  water ;  by  having  so 
weak  an  affinity  for  that  liquid  that  they  are  easily  precipitated  from 
their  solution ;  by  being  unable  to  pass  through  (by  means  of  diffusion) 
any  colloidal  septum;  by  their  consequent  insipid  taste,  since  they 
probably  never  reach  the  sentient  extremities  of  the  gustatory  nerves ; 
and  by  their  high  equivalent  numbers,  unstable  nature,  and  ready 
passage  into  decomposition.  The  crystalloids,  on  the  other  hand,  pre- 
sent characters  which  are  precisely  the  reverse. 

134.  There  seems  to  be  no  reason  for  doubting  that  the  absorption  of 
the  various  nutritive  and  alimentary  materials  takes  place  according  to 
the  ordinary  rules  of  Osmosis ;  for  on  the  one  hand  is  the  aliment  always 
more  or  less  perfectly  reduced  to  the  liquid  state,  the  density  of  which  is 
generally  less  than  that  of  the  blood,  in  consequence  of  the  very  copious 
discharge  of  aqueous  fluid  into  the  alimentary  canal  during  the  operation 
of  digestion ;  and  on  the  other  is  the  blood  or  lymph  in  rapid  movement 
possessing  a  high  specific  gravity,  at  a  temperature  of  99°  or  100°  P. 
whilst  between  them  is  the  septum,  of  immense  extent  and  great  tenuity 
formed  by  the  mucous  membrane,  and  the  walls  of  the  blood  or  lymph 
vessels  :  the  tendency  is,  therefore,  in  accordance  with  the  facts  already 
stated,  in  favour  of  the  passage  of  the  aliment  from  the  intestinal  tract 
towards  the  circulating  fluids.  As  regards  such  substances  as  albumen,  I 
gum,  and  gelatine,  which  belong  to  the  "  colloid  "  class  of  substances,  I 
and  therefore  transude  with  extreme  difficulty,  it  appears  at  first  sight! 
difficult  to  explain  how  they  pass  through  the  intestinal  mucous  mem- 
brane.f    The  experiments  of  Funke,  however,  show  that  the  act  of  | 
digestion  essentially  effects  a  conversion  of  the  "  colloid  "  group  into  the 
"  crystalloid ;"  for  that  as  soon  as  the  albuminous  substances  introduced  j 
into  the  stomach  have  undergone  the  modification  into  peptones,  they 
have  acqtured  the  power  of  traversing  animal  membranes  with  com- 
parative facility.    As  the  conditions  for  the  absorption  of  these  sub- 
stances are  alike  present  in  the  stomach  and  intestines,  it  is  probable  I 
that  this  process  takes  place  through  the  whole  length  of  the  alimentary  I 
tube,  though  chiefly  in  the  intestine,  as  the  presence  of  acids  is  unfa-  j 
vourable  to  its  active  performance ;  a  view  which  receives  support  from 
the  experiments  of  Busch|  upon  the  woman  with  a  duodenal  fistula,  ir  i 
whom  it  was  found  that  a  considerable  portion  of  the  saccharine,  andjlj 
about  one-third  of  the  albuminous  compounds  taken  as  food,  wen  I 

*  Eedwood,  'Dialysis,'  "Pharm.  Journ.,"  Ap.  1862.  \ 
f  Mialhe  ("  Chimie  appliquee  a  la  Physiologie,"  1856,)  broke  the  shell  from  tb  j 
end  of  an  egg,  leaving  the  membrane  intact,  and  immersed  it  in  water.  After  5  hour  i 
it  had  increased  in  weight  upwards  of  30  grains,  and  the  membrane  was  tight  ant  j 
prominent.  The  water  in  which  the  egg  had  been  immersed  became  alkaline  rronithj  j 
exosmose  of  the  salts,  but  no  albumen  had  escaped.  So  Graham  and  Eckliar  j 
("  Beitrage,"  Bd.  iii.  p.  51  and  85,  1862)  state  that  in  analogous  experiments  wit 
solutions  of  gum  no  exosmosis  of  that  substance  occurred. 

X  "  Archiv  f.  Path.  Anat.  und  Physiologie,"  1858,  Bd.  xiv.  p.  140. 
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losorbed  before  reaching  the  intestine.  Funke*  observed,  also,  that 
hen  solutious  of  peptone  were  introduced  and  secured  by  ligature  in 
gterminate  lengths  of  the  intestines  of  living  rabbits,  and  permitted  to 
'main  for  two,  four,  and  six  hours,  the  more  concentrated  the  solution, 
e  greater  was  the  activity  with  which  the  absorption  was  accomplished 
a  given  time  ;  but  that  a  remarkable  difference  occurred  from  what 
ight  have  been  anticipated,  where  a  definite  quantity  of  the  solution 
neptone  was  presented  to  double  the  extent  of  surface,  very  little  more 
jing  then  absorbed,  or  at  least  nothing  Like  double  the  amount  in  the 
,me  time.  He  further  found  that  the  amount  absorbed  in  the  living 
al  by  no  means  stands  in  direct  relation  to  the  duration  of  the 
periment,  the  process  taking  place  with  far  more  energy  during  the 
hour  than  subsequently ;  and  the  same  facts  were  also  observed  in 
eriments  upon  the  absorption  of  sugar  made  by  Becker.f 
135.  The  difficulty  which  formerly  existed  in  regard  to  the  absorption 
tatty  bodies  into  the  absorbent  vessels,  since  these  traverse  moist 
limal  membranes  with  great  difficulty,  is  in  some  measure  set  aside  by 
e  observations  of  MM.  Heidenhain  and  Briicke,  already  detailed, 
ough  there  are  still  some  points  which  have  not  received  explanation.  J 
eir  entrance  into  the  Blood-vessels  may  be  aided,  as  Beclard§  supposes, 
j  the  direct  pressure  of  the  muscular  coats  of  the  intestines ;  for,  though 
eat  force  is  requisite  to  drive  oil  through  the  entire  thickness  of  the 
lis  of  the  small  intestine,  a  much  slighter  one  will  suffice  to  impel 
through  the  delicate  structure  of  the  mucous  membrane  alone,  espe- 
y  if  the  oil  be  finely  divided  or  emulsionized ;  the  yolk  of  egg, 
r  instance,  mingled  with  two  or  three  times  its  weight  of  water,  tra- 
irsing  such  a  membrane  at  a  temp,  of  100°  F.,  and  under  a  low 
essure,  with  great  ease ;  though,  in  other  experiments  made  by 
.  Morin,||  much  difficulty  was  experienced  with  milk,  on  account  of 
le  much  larger  size  of  the  molecules  of  oil  contained  in  that  fluid, 
is  certain,  moreover,  that  the  presence  of  a  weak  solution  of  soda  or 
tash  in  the  j)ores  of  the  membrane,  which  effects  a  saponification  of 
e  oil,  materially  facilitates  its  passage;^  and  Wistinghausen  and 
offmann**  have  observed  that  the  force  requisite  to  drive  oil  through 
i  animal  membrane  is  materially  diminished  by  first  impregnating  the 
tter  with  bile ;  an  important  observation  in  reference  to  the  phenomena 
the  absorption  of  these  substances  by  the  blood-vessels,  since  it  ren- 
t's it  probable  that,  as  in  the  case  of  the  albuminous  compounds,  it  is 
i  the  small  intestine  chiefly,  the  surface  of  which  is  rendered  alkaline 
i  its  own  secretion,  and  by  the  fluids  discharged  by  the  Liver  and 
ancreas,  that  the  absorption  of  fat  is  accomplished,  ff 

*  "  Physiologie,"  4th  edit.,  1863,  p.  357. 
t  "  Zeitschrilt  f.  wiss.  Zoologie,"  1854,  t.  v.  p.  137  et  seq. 

+  For  a  very  lull  ami  interesting  critique  upon  the  whole  question  of  the  absorption 
Fats,  see  Funke,  "  Physiologie,"  1863,  4th  edit.,  p.  359—372. 
§  "  Physiologie,"  1862,  p.  18 J .         ||  "  Memoires  de  la  Societe  de  Geneve,"  1854. 
H  Matteucci,  "Lectures  on  the  Phys.  Phenora.  of  Living  Beings,"  Pereira's  edit., 
JJ*.  **  "  Dissert,  lnaugur.,"  Dorpat,  1851. 

TT  For  the  best  and  most  recent  account  of  the  various  phenomena  of  imbibition, 
■pillarity,  osmosis,  and  diffusion  of  liquids,  see  Milne-Edwards,  "  Lecons  sur  la  Phy- 
1 3'°gie,"  vol.  v.  1859,  in  which  the  literature  of  the  subject  is  given  in  a  singularly 
••rtcct  manner.    See  also  Prof.  Graham's  Memoirs  in  the  "  Phil.  Trans."  for  1850, 
'«o4,  1857,  &c. 
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136.  It  is  a  very  remarkable  fact,  which  has  recently  been  fully  sub- 
stantiated, that  not  merely  soluble  matters,  but  insoluble  substances  in 
a  state  of  minute  division,  may  find  their  way  from  the  alimentary 
canal  and  from  the  serous  cavities  into  the  current  of  the  circulation. 
Thus  it  was  found  by  Oesterlen,*  that  particles  of  finely-divided  char- 
coal, introduced  into  the  alimentary  canal,  could  be  distinguished  in  the 
blood  of  the  mesenteric  veins  ;  and  similar  results  were  obtained  by 
Eberhard,  and  by  Mensonides  and  Donders,  not  only  with  charcoal,  but 
also  with  sulphur  and  even  with  starch,  the  latter  substance  being  at 
once  detectible  in  the  blood  by  the  iodine-test.  There  can  be  little 
doubt  that  such  substances  enter  the  lacteal  system  through  the 
epithelial  cells  of  the  villi ;  as  the  presence  of  psorosperms  in  the 
interior  of  these  has  been  distinctly  perceived  by  Klebs.f  In  like 
manner,  Ludwig  and  others  in  the  Physiological  School  of  LeipsicJ 
have  noticed  the  penetration  of  particles  of  colouring  matters  from 
the  interior  of  the  abdominal  or  thoracic  cavities  into  the  lymphatics 
of  the  central  tendon  of  the  diaphragm  and  into  those  of  the  pleura 
respectively ;  and  it  seems  probable  that  this  is  effected  through 
certain  openings,  first  described  by  Oedmannson,§  which  occupy  inter- 
spaces between  the  ordinary  tessellated  epithelium  cells  lining  the  serous 
cavities.  Th  ese  openings,  therefore,  establish  a  direct  communication 
between  the  serous  cavities  and  the  lymphatic  vessels,  and  the  cavities 
themselves  may  reasonably  be  regarded,  in  one  sense,  as  merely  colossal 
dilatations  of  the  vessels,  analogous  to  those  large  lymph  sacs  or  reser- 
voirs which  are  found  in  the  frog,  fish,  and  other  animals.  || 

2. — Absorption  from  the  Body  in  general. 

137.  The  Mucous  Membrane  of  the  alimentary  canal  is  by  no  means 
the  only  channel  through  which  nutritive  or  other  substances  may  be 
introduced  into  the  circulating  apparatus  from  external  sources.  The 
Lymphatic  system  is  present  in  all  animals  which  have  a  lacteal, system; 
and  the  two,  as  already  pointed-out,  evidently  constitute  one  set  of 
vessels.  The  Lymphatics,  however,  instead  of  commencing  on  the  intes- 
tinal  walls,  are  distributed  through  most  of  the  vascular  tissues  of  the 
body,  and  especially  in  the  Skin  ;  but  their  number  bears  no  proportion 
whatever  to  the  vascularity  of  the  several  tissues,  or  to  the  amount  of 
interstitial  change  which  these  undergo  ;  and  it  would  rather  seem  to  be 
related  to  the  amount  of  Connective  tissue  interposed  between  the  other 
constituents  of  the  fabric  (§  143).  Thus  we  find  the  Nervous  centres 
entirely  destitute  of  them,  unless  indeed  they  are  represented  by  the 
lacunar  spaces  filled  with  nuclei,  which  have  been  described  by  Robinl 

*  Heller's  "Archiv,"  1847. 

f  For  further  information  on  this  point  the  reader  is  referred  to  Molescbott'sl 
"  Untersuchungen,"  Bd.  ii.  p.  119;  and  "  Wien.  Med.  Wochenschrift,"  1854,  p.  817.1 
Hollander,  "  Quaestiones  de  Corp.  solid,  e  tract,  intest.,"  &c,  Dorpat,  1856.  Teich-I 
mann,  "Das  Saugader  System,"  1861,  p.  106.    Funke,  "Lclirbucb,"  1863,  4th  edit, 
p.  362  et  seq  ;  and  Klebs,  in  "Arch.  f.  Path.  Anat.,"  Ed.  xvi.  p.  188. 

I  See  the  several  papers  by  Ludwig,  Schweiggersicdel,  Dogiel,  and  Dybkowskv  m 
the  "Verhand.  d.  Sachs.  Gesell.  d.  Wiss.,"  1866. 

§  Virchow's  "  Archiv,"  Bd.  xxviii.  p  361. 

||  See  M.  Jourdain,  "Ann.  des  Sci.  Nat.,"  1867. 

•jf  Brown- Sequard,  "Journal  de  la  Physiol.,"  vol.  ii.  1859,  p.  537. 
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ind  His*  as  surrounding  the  capillaries ;  and  they  are  very  scanty  in  the 
ubstance  of  Muscles.  After  passing,  like  the  lacteals,  through  a  series 
»f  glandular  bodies  (the  precise  nature  of  which  will  be  presently  consi- 
idered,  §  143),  they  empty  their  contents  into  the  same  receptacle  with 
he  lacteals ;  and  the  mingled  products  of  both  pass  into  the  Sanguiferous 
ystem. — We  find  in  the  Skin,  also,  a  most  copious  distribution  of  capil- 
ary  blood-vessels,  the  arrangement  of  which  is  by  no  means  unlike  that 
f  the  blood-vessels  of  the  alimentary  canal ;  and  its  surface  is  further 
xtended  by  the  elevations  that  form  the  sensory  papilla?,  which  are  in 
□any  points  comparable  to  the  intestinal  villi,  although  their  special 
unction  is  so  different. 

138.  In  the  lowest  tribes  of  animals,  and  in  the  earliest  condition  of 
lie  higher,  it  would  seem  as  if  Absorption  by  the  external  surface  is 
Imost  equally  important  to  the  maintenance  of  life,  with  that  which 
akes  place  through  the  internal  reflexion  of  it  forming  the  walls  of  the 
>)igestive  cavity.  In  the  adult  condition  of  most  of  the  higher  animals, 
'.owever.  the  special  function  of  the  intestinal  tract  is  so  much  exalted 
s  usually  to  supersede  the  necessity  of  any  other  supply ;  and  the 
unction  of  the  cutaneous  and  pulmonary  surfaces  may  be  considered  as 
ather  that  of  exhalation,  than  of  absorption.  We  have  a  remarkable 
xception  to  this  general  statement,  however,  in  the  case  of  Frogs  and 
ther  Batrachia,  which  are  characterized  by  the  softness  of  their  skins 
nd  the  thinness  of  their  epidermic  covering ;  for  cutaneous  absorption 
eerns  in  them  to  be  no  less  active  than  their  cutaneous  exhalation  and 
espiration  are  well  known  to  be.  And  even  in  the  higher  animals  there 
re  peculiar  conditions  of  the  system  in  which  the  imbibition  of  fluid 
n-ough  these  surfaces  is  performed  with  great  activity,  supplying  what 
'ould  otherwise  be  a  most  important  deficiency.  It  may  take  place 
ither  through  the  direct  application  of  fluid  to  the  surface,  or  even 
irough  the  medium  of  the  atmosphere,  in  which  a  greater  or  less  pro- 
ortion  of  watery  vapour  is  usually  dissolved.  This  absorption  occurs 
lost  vigorously,  when  the  system  has  been  drained  of  its  fluid,  either 
y  an  excess  of  the  excretions,  or  by  a  diminution  of  the  regular 
apply. 

139.  It  may  be  desirable  to  adduce  some  individual  cases,  which  will 
it  this  function  in  a  striking  point  of  view ;  and  those  may  be  first 
oticed,  in  which  the  Absorption  took  place  through  the  contact  of 
quids  with  the  skin.  It  is  well  known  that  shipwrecked  sailors  and 
thers  who  are  suffering  from  thirst,  owing  to  the  want  of  fresh  water, 
nd  it  greatly  alleviated,  or  altogether  relieved,  by  dipping  their  clothes 
ito  the  sea  and  putting  them  on  whilst  still  wet,  or  by  frequently  im- 
lersing  their  own  bodies.^ — In  a  case  related  by  Dr.  Currie,  of  a 
atient  labouring  under  dysphagia  in  its  most  advanced  stage  (the  in- 
•oduction  of  any  nutriment,  whether  solid  or  fluid,  into  the  stomach, 
aving  become  perfectly  impracticable),  an  attempt  was  made  to  pro- 
>ng  his  existence  by  the  exhibition  of  nutritive  enemata,  and  by  im- 
lersion  of  the  body,  night  and  morning,  in  a  bath  of  milk  and  water, 
•uring  the  continuance  of  this  plan,  his  weight,  which  had  previously 

*  "Zeits.  f.  wiss.  Zoologie,"  1865,  p.  127. 

t  See  a  collection  of  such  cases  in  Dr.  Madden's  "Experimental  Enquiry  into  the 
nysiology  of  Cutaneous  Absorption,"  p.  47. 
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been  rapidly  diminishing,  remained  stationary,  although  the  quantity  of 
the  excretions  was  increased.  How  much  of  the  absorption,  which  must 
have  been  effected  to  replace  the  amount  of  excreted  fluid,  is  to  be 
attributed  to  the  baths,  and  how  much  to  the  enemata,  it  is  not  easy  to 
say ;  but  it  is  important  to  remark  that  "  the  thirst,  which  was  trou- 
blesome during  the  first  days  of  the  patient's  abstinence,  was  abated, 
and,  as  he  declared,  removed  by  the  tepid  bath,  in  which  he  had  the 
most  grateful  sensations."  "  It  cannot  be  doubted,"  Dr.  Currie  observes, 
"  that  the  discharge  by  stool  and  perspiration  exceeded  the  weight  of  the 
clysters  ;"  and  the  loss  by  the  urinary  excretion,  which  increased  from 
24  oz.  to  36  oz.  under  this  system,  is  only  to  be  accounted  for  by  the 
cutaneous  absorption.* — Dr.  S.  Smith  mentions  that  a  man,  who  had 
lost  nearly  3  lbs.  by  perspiration,  during  an  hour  and  a  quarter's  labour, 
in  a  very  hot  atmosphere,  regained  8  oz.  by  immersion  in  a  warm  bath 
at  95°,  for  half  an  hour  .I — The  experiments  of  Dr.  Madden}  on  his 
own  person  show  that  a  positive  increase  usually  takes  place  in  the 
weight  of  the  body,  during  immersion  in  the  warm  bath,  even  though 
there  is  at  the  same  time  a  continual  loss  of  weight  by  pulmonary  exha- 
lation, and  by  transudation  from  the  skin.§  This  increase  was,  in  some 
instances,  as  much  as  5  drachms  in  half  an  hour ;  whilst  the  loss  of 
weight  during  the  previous  half-hour  had  been  6£  drachms :  so  that,  if 
the  same  rate  of  loss  were  continued  in  the  bath,  the  real  gain  by  absorp- 
tion must  have  been  nearly  an  ounce  and  a  half.  Why  this  gain  was 
much  less  than  in  the  cases  just  alluded  to,  is  at  once  accounted-for  by 
the  fact  that  there  was  no  deficiency,  in  the  latter  case,  of  the  fluids 
naturally  present  in  the  body. 

140.  There  are  certain  phenomena,  which,  if  accurately  recorded, 
cannot  be  accounted-for  in  any  other  way,  than  by  admitting  that, 
under  particular  circumstances,  a  considerable  amount  of  water  may  be 
absorbed  from  the  vapour  of  the  atmosphere.  The  following  are  among 
the  most  satisfactory  and  circumstantial  observations,  that  have  been 
adduced  in  support  of  this  position.  Lining  observed  that  his  body  on 
one  occasion  increased  in  weight,  during  two  hours,  to  the  amount  of 
8£  oz. ;  allowance  being  made  for  the  amount  of  fluid  ingested  duriDg 
that  time,  and  for  the  quantity  passed-off  by  the  urine  and  by  cutaneous 
transpiration.||  Dr.  Jurin  affirms  that  he  ascertained  an  increase  of 
18  oz.  to  have  taken  place  during  a  night  passed  in  a  cool  room,  after  a 
day's  exercise  and  abstinence.^"  It  is  stated  by  Dr.  Watson,**  that  a  lad 
at  Newmarket,  having  been  almost  starved,  in  order  that  he  might  be 
reduced  to  a  proper  weight  for  riding  a  match,  was  weighed  at  9  A.M., 
and  again  at  10  a.m.  ;  and  he  was  found  to  have  gained  nearly  30  oz.  in 
weight  in  the  course  of  this  hour,  though  he  had  only  drunk  half  a 
glass  of  wine  in  the  interim.  A  parallel  instance  was  related  to  the 
*  "  Medical  Keports,"  vol.  i.  pp.  308 — 326. 

t  "  Philosophy  of  Health,"  vol.  ii.  p.  396.  +  Op.  cit.,  pp.  59—63. 

§  That  part  of  the  function  of  Cutaneous  Transpiration,  which  consists  in  simple 
Exhalation,  is  of  course  completely  checked  hy  such  immersion  ;  but  that  which  is  the 
result  of  an  actual  Secreting  process  in  the  cutaneous  glandulse  (chap.  xiv.  Sect,  i)  is 
increased  by  heat,  even  though  this  be  accompanied  with  moisture. 

I  "Philosophical  Transactions,"  1743,  p.  496. 

If  Klapp,  "Inaug.  Dissert.,"  p.- 30,  cited  by  Dr.  Madden. 

**  "Chemical  Essays,"  vol.  hi.  p.  100. 
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Vuthoi-  by  the  late  Sir  G.  Hill,  then  Governor  of  St.  Vincent :  a  jockey 
tad  been  for  some  time  in  training  for  a  race,  in  which  that  gentleman 
\  as  much  interested,  and  had  been  reduced  to  the  proper  weight ;  on  the 
norning  of  the  trial,  being  much  oppressed  with  thirst,  he  took  one  cup 
>f  tea;  and  shortly  afterwards  his  weight  was  found  to  have  increased 
>  lbs.,  so  that  he  was  incapacitated  for  riding. — Nearly  the  whole  of  the 
iicrease  in  the  former  case,  and  at  least  three-fourths  of  it  in  the  latter, 
iust  be  attributed  to  absorption  from  the  vapour  of  the  atmosphere; 
)robably,  however,  rather  through  the  lungs  than  through  the  skin, 
f  the  possibility  of  such  absorption  be  admitted,  we  are  probably  to 
t  tribute  to  it  the  chief  part  of  the  excess  of  watery  fluid  which  cannot 
»e  otherwise  accounted  for,  in  the  following  instances. — Dr.  Hill*  re- 
ites  the  case  of  a  diabetic  patient,  who  for  five  weeks  passed  24  lbs.  of 
irine  every  twenty-four  hours;  his  ingesta  during  the  same  period 
mounted  to  22  lbs.  At  the  commencement  of  the  disease,  he  weighed 
.45  lbs. ;  and  when  he  died,  27  lbs.  of  loss  had  been  sustained.  The 
aily  excess  of  the  excretions  over  the  fluid  ingesta  could  not  have 
ieen  less  than  4  lbs. ;  making  140  lbs.  for  the  thirty-five  days  during 
/hich  the  complaint  lasted.  If  from  this  we  deduct  the  amount  of  dimi- 
ut  ion  which  the  weight  of  the  body  sustained  during  the  time,  we  shall 
till  have  113  lbs.  to  be  accounted  for,  which  can  only  have  entered  the 
ody  from  the  atmosphere. — A  case  of  ovarian  dropsy  has  been  recorded 
y  Mr.  Ford, |  in  which  it  was  observed  that  the  patient,  during  eighteen 
ays,  drank  692  oz.  or  43  pints  of  fluid,  and  that  she  discharged  by 
line  and  paracentesis  1298  oz.  or  91  pints,  which  leaves  a  balance  of 
U6  oz.  or  38  pints,  to  be  similarly  accounted  for. J 

141.  The  capacity  of  the  Skin  to  absorb  saline  or  other  substances  in 
olution,  though  formerly  generally  admitted,  has  lately  been  called  in 
uestion  by  various  observers.  In  experiments  performed  by  Murray 
'honison^  with  which  those  of  Parisot||  and  Kletzinsky  are  in  ac- 
ordance,  it  was  found  that  no  trace  of  iodine  could  be  detected  in  the 
lorning  urine,  when  a  bath,  containing  half  an  ounce  of  iodide  of 
otassium  dissolved  in  80  gallons  of  water  had  been  taken  the  previous 
lght  after  six  hours'  abstinence  from  all  food.  Homolle,^[  who  has  paid 
mch  attention  to  this  subject,  and  whose  experiments  are  confirmed  in  all 
isential  particulars  by  Reveil,**  Ore,ff  and  Mougeot,||  whilst  admitting 
lat  pure  water  is  certainly  absorbed,  and  that  saline  solutions  and  some 
rganic  mixtures  are  sometimes  decomposed  by  the  skin,  apparently  by 
lat  tissue  exerting  an  elective  affinity  for  one  of  the  constituents,  to  the 
sclnsion  of  the  others,  yet  states  that  in  many  instances  in  which  he 

' named  for  an  hour  or  more  at  a  time  in  baths  containing  3  oz.  of 
vanide  or  iodide  of  potassium,  nitrate  of  potash,  or  chloride  of  ammo- 

*  "Trans,  of  Metl.-Chirurg.  Soc.  of  Edinb.,"  vol.  ii. 
T  "  Medical  Communications,"  vol.  ii.  p.  130. 

t  In  this  case,  however,  as  in  others  of  a  similar  kind,  something  is  to  he  allowed 
r  the  quantity  of  water  contained  in  the  solid  food  ingested  ;  but  this  may  be  fairly 
•nsidered  not  to  exceed  the  quantity  lost  by  pulmonary  and  cutaneous  exhalation, 
id  discharged  in  the  faecal  evacuations. 

8  '  Edin.  Med.  Jour.,"  1862,  p.  1017.  ||  "  Archiv.  Gen.  de  MeU,"  1863,  p.  376. 
II  De  1  Absorption  par  la  Tegument  cxternc,'  "L'Union  Me"dicale,"  1853,  p.  462, 
8*1-  **  "  b'ccherches  sur  1'Usmose,"  1865. 

•  tt  'Gaz.  Mcdicale,"  1865,  p.  731.  tt  "  Revue  Me'dicalo,"  1865,  t.  ii.  p.  536. 
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nium,  he  was  unable  to  discover  any  trace  of  those  salts  in  the  urine, 
nor  did  he  perceive  any  physiological  effect  from  the  employment  of 
baths  in  which  1  lb.  of  belladonna  or  of  digitalis  leaves  had  previously 
been  infused.  MM.  Willemin,*  Delore,f  Hoffmann^  and  Clemens,§ 
on  the  other  hand,  maintain  that  the  healthy  skin  is  capable  of  absorb- 
ing not  only  water,  but  small  portions  of  various  substances  soluble  in 
water;  the  process  of  absorption  varying  under  different  circum- 
stances, and  often  proceeding  very  slowly,  but  being  favoured  by  a 
delicate  skin,  and  by  exhaustion,  though  it  does  not  take  place  when 
the  skin  is  actively  perspiring  from  exercise.  The  occasional  serious 
effects  upon  the  urinary  organs  of  the  application  of  a  blister,  the  tinging 
of  the  urine  with  madder,  rhubarb,  and  turmeric  after  bathing  in  in- 
fusions of  those  substances,!  and  lastly,  the  remarkable  experiment  of 
Schreger,  who  found  on  immersing  the  hind  leg  of  a  puppy  for  24  hours 
in  tepid  milk,  after  having  previously  applied  a  bandage,  that  the 
lymphatics  were  full  of  milk,  though  the  veins  contained  none,  are  all 
favourable  to  the  latter  opinion.  The  process  of  absorption  of  saline 
substances  by  the  skin  is,  however,  so  irregular  and  imperfect,  that  the 
iatroleptic  plan  of  treatment  will  probably  never  be  extensively 
employed.  When  absorption  does  take  place,  we  should  expect  that  the 
absorbed  substances  would  be  more  readily  discoverable  in  the  absorbents 
than  in  the  veins ;  for  their  imbibition  takes  place  entirely  according 
to  the  physical  laws  already  mentionedj  in  conformity  with  which  they 
pass  most  readily  into  the  vessels  which  present  the  thinnest  walls  and 
the  largest  surface.^ 

142.  Our  inferences  with  regard  to  the  ordinary  functions  of  the 
Lymphatic  system,  however,  must  be  rather  drawn  from  the  nature  of 
the  fluid  which  it  contains,  and  from  the  uses  subsequently  made  of  it, 
than  from  such  experiments  as  the  preceding.  We  shall  presently  see, 
that  there  is  a  close  correspondence  in  composition  between  the  Chyle  of 
the  Lacteals,  and  the  Lymph  of  the  Lymphatics ;  the  chief  difference 
being  the  presence  of  a  considerable  quantity  of  fatty  matter  in  the 
former,  and  of  a  larger  proportion  of  the  assimilable  substances 
(albumen  and  fibrin)  which  are  equally  characteristic  of  both  (§  145). 
This  evident  conformity  in  the  nature  of  the  fluid  which  these  two  sets 
of  vessels  transmit,  joined  to  the  fact  that  the  fluid  Lymph,  like  the 
Chyle,  is  conveyed  into  the  general  current  of  the  circulation,  just  before  | 
the  blood  is  again  transmitted  to  the  system  at  large,  almost  inevitably 
leads  to  the  inference,  that  the  lymph  is,  like  the  chyle,  a  nutrition* 
fluid,  and  is  not  of  an  excrementitious  character,  as  maintained  by 
Hunter  and  his  followers.  On  the  other  hand,  the  close  resemblance 
between  the  contents  of  the  Lymphatics  and  diluted  Liquor  Sangumisl 
seems  to  indicate  that  the  former  are  chiefly  derived  from  the  fluid  I 

*  "  Archiv.  Gen.  de  Me*d.,"  1863,  pp.  5—105—325.  f  Ibid.  p.  376. 

t  "  Comptes  Rendus,"  1867,  p.  722. 

§  "  Archiv  f.  wiss.  Heilk.,"  Bd.  iii.  1867,  p.  211. 

||  Medical  Communications,"  vol.  ii.  p.  130. 

^1  For  much  interesting  information  respecting  the  increased  energy,  rapidity,  and 
certainty  of  action  of  various  poisons  introduced  directly  into  the  circulation  by  thol 
hypodermic  mode  of  injection,  as  compared  with  the  effects  of  the  same  substances 
when  administered  by  the  stomach,  see  the  '  Report  of  a  Committee  of  the  MedicoJ 
Chir.  Soe.'  in  vol.  v.  of  the  "Transactions"  of  thai  Society. 
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portion  of  the  blood,  which  has  transuded  through  the  walls  of  the 
:apillary  vessels,  and  has  permeated  the  tissues,  giving  up  to  them  the 
materials  required  for  their  nutrition.  And  we  shall  presently  see 
reason  to  believe  that  this  transudation  answers  the  additional  purpose 
>f  subjecting  the  crude  materials,  which  may  have  been  taken  up 
lirect  into  the  blood-vessels,  to  an  elaborating  or  preparatory  agency, 
mch  as  it  seems  to  be  the  especial  object  of  the  Lacteal  system  to  exert 
upon  the  nutritive  substances  which  it  serves  to  introduce  into  the  cir- 
■ulation. — But  it  seems  not  impossible,  that  there  may  be  another 
source  for  the  contents  of  the  Lymphatics.  We  have  already  had  to 
illude,  on  several  occasions,  to  the  disintegration  which  is  continually 
aking- place  within  the  living  body ;  whether  as  a  result  of  the  limited 
iuration  of  the  life  of  its  component  parts,  or  as  a  consequence  of  the 
lecomposing  action  of  Oxygen.  Now  the  death  of  the  tissues  by  no 
means  involves  their  immediate  and  complete  destruction ;  and  there 
?eems  no  more  reason  why  an  animal  should  not  derive  support  from 
its  own  dead  parts,  than  from  the  dead  body  of  another  individual, 
tt'liilst,  therefore,  the  matter  which  has  undergone  too  complete  a  dis- 
ntegration  to  be  again  employed  as  nutrient  material,  is  carried  off  by 
;he  excreting  processes,  that  portion  which  is  capable  of  being  again 
issimilated,  may  be  taken  up  by  the  Lymphatic  system.  If  this  be  the 
:ase,  we  may  say  with  Dr.  Prout,  that  "  a  sort  of  digestion  is  carried-on 
n  all  parts  of  the  body." — It  may  be  stated,  then,  as  a  general  propo- 
sition, that  the  function  of  the  Absorbent  System  is  to  take-up,  and  to 
:onvey  back  into  the  circulating  apparatus  in  a  'state  of  higher  elabora- 
ion,  such  substances  as  are  capable  of  appropriation  to  the  nutritive 
orocess  ;  whether  these  substances  be  directly  furnished  by  the  external 
•vorld,  or  be  derived  from  the  disintegration  of  the  organism  itself. 
vV^e  have  seen  that,  in  the  Lacteals,  the  selecting  power  is  such,  that 
hese  vessels  are  not  disposed  to  convey  into  the  system  any  substances 
)ut  such  as  are  destined  for  this  purpose ;  and  that  extraneous  matters 
ire  absorbed  in  preference  by  the  mesenteric  Blood-vessels.  The  case 
s  different,  however,  with  regard  to  the  Lymphatics;  for  there  is 
•eason  to  believe  that  they  are  more  disposed  than  the  venous  capillaries 
o  the  absorption  of  other  soluble  matters,  especially  when  these  are 
•rought  into  relation  Avith  the  skin,  through  which  the  Lymphatic 
'essels  are  very  profusely  distributed. 

3. —  Of  the  Elaboration  of  the  Nutrient  Materials. — Sanguification. 

143.  The  alimentary  substances,  taken-up  by  the  Blood-vessels  and 
Vbsorbents,  seem  very  far  from  being  capable  of  immediate  application 
o  the  nutrition  of  the  body ;  for  we  find  that  they  are  not  conveyed 
)y  any  means  directly  into  the  circulating  current,  but  that  those 
vhich  enter  the  Gastro-intestinal  veins  are  submitted  to  the  operation 
>f  the  Liver,  whilst  those  which  are  received  into  the  Lacteals  are  sub- 
ected  to  a  kind  of  glandular  action  within  their  own  system ;  the 
ujwly-absorbed  materials  in  both  cases  undergoing  considerable  changes, 
vnich  tend  to  assimilate  them  to  the  components  of  the  Blood. — The 
lymphatic  System  consists  of  an  extensive  network  of  vessels  very 
generally  distributed  throughout  the  body,  but  present  in  remarkable 
bundanee  beneath  the  Skin  and  Mucous  membranes.    The  question  of 
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their  origin  cannot,  as  yet,  be  regarded  as  satisfactorily  determined : 
Teichmann,*  BelajefF,f  and  others,  believing  that  they  commence  in  the 
form  of  stellate  cells  or  dilatations,  whose  prolongations  everywhere 
communicate,  forming  an  irregular  kind  of  network ;  whilst  in  the 
Report  drawn  up  by  C.  Ludwig,J  of  a  series  of  researches  undertaken 
by  himself  and  his  friends,  Herren  Noll,  Krause,  Schwanda,  and  Tomsa, 
it  is  maintained  that  the  real  origin  of  the  Lymphatics  throughout  the 
body  is  in  the  interspaces  of  the  connective  tissue,  the  lacunar  spaces, 
splits,  and  fissures  existing  between  the  fibres  of  which,  are  continuous 
with  channels  that,  gradually  assuming  a  more  definite  form,  present  the 
general  characters  of  vessels,  acquire  distinct  coats,  and  are  then  sup- 
plied witli  valves.  By  many  careful  observers  the  spaces  themselves 
are  believed  to  be  lined  by  a  delicate  layer  of  epithelial  cells,  by  which 
therefore  the  plasma  exuding  from  the  blood-vessels  is  prevented  from 
coming  into  direct  contact  with  the  elements  of  the  connective  tissue. 
No  communication  ever  takes  place  between  the  Lymphatics  and  the 


Fig.  63. 


A  section  of  a  Bimple  Rete  Mirabile,  viewed  from  the  surface.— a,  a,  afferent  vessels  ; 
b,  b,  eilercnt  vessels  only  partially  visible,  from  the  popliteal  space.  (Man.) 


Blood-vessels,  except  at  the  point  where  the  great  trunks  empty  them- 
selves into  the  junction  of  the  subclavian  and  jugular  veins.  It  is  a 
peculiarity  of  the  Lymphatics  that  they  do  not  present  the  same  smooth 
and  regular  contour,  nor  the  same  definite  mode  of  branching,  that  is 
met  with  in  the  Blood-vessels ;  on  the  contrary,  they  run  irregularly, 
and  the  Avails  of  the  vessels  often  present  dilatations  or  reservoirs  in 
their  course,  whilst  the  larger  vessels  formed  by  the  reunion  of  several 

*  Teichmann,  "Das  Saugader  System." 

t  "  Journal  de  l'Anat.,"  t.  iii.  pp.  465  and  594. 

t  In  the  "  Medizinischer  Jahrbiicher"  of  A.  Dnchek  and  A.  Schanenstein,  1863, 
heft  iv.  p.  35—72,  Wien.  The  same  view  is  supported  by  the  observations  of  Giau- 
nuzzi  on  the  '  Lymphatics  of  Glandular  Organs,'  "  Ber.  d.  S.  Gesells.  zu  Leipzig," 
Nov.,  1865,  and  of  Wy  wodzoff  on  the  'Lungs,'  "Wien.  Med.  Jahrb.,"  Bd.  xi.  heft  iii. 
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I  smaller  ones,  often  again  subdivide  and  reunite.    The  smaller  vessels  or 
I  Capillary  Lymphatics  are  usually  larger  than  the  corresponding  capil- 
I  lary  blood-vessels,  and  are  lined  by  a  tessellated  epithelium  that  was 
I  first  rendered  apparent  by  a  method  suggested  by  Recklinghausen,  of 
■  injecting  the  vessels  with  a  solution  of  nitrate  of  silver,  which  staining 
I  the  material  intervening  between  the  cells,  discloses  their  sinuous  outlines. 
I  In  the  finest  lymphatics,  it  is  believed  by  Auerbach*  that  the  parietes  of 
the  tubes  are  exclusively  formed  by  a  single  layer  of  these  cells.  At 
Icertain  parts  of  the  body,  as  the  bend  of  the  knee  and  elbow,  and  in 
|  the  neck,  the  larger  stems  suddenly  break  up  into  a  dense  interlacing 
\\ network  of  capillary  vessels,  most  distinct  in  young  subjects,  forming  a 
w'rete  mirabile,  as  is  shown  in  Fig.  63.    This  is  surrounded  by  condensed 
Inconnective  tissue,  and  is  penetrated  by  blood-vessels,  constituting,  so  to 
Ippeak,  the  first  step  towards  the  formation  of  a  lymphatic  gland.  From 
lltnis  simple  structure  we  can  readily  ascend  through  a  series  of  gland- 
[ilike  organs,  gradually  increasing  in  complexity,  composed  of  several  of 
these  little  retia,  arranged  either  continuously  or  in  groups,  until  at 
<length,  by  steps  of  easy  transition,  we  arrive  at  the  complex  structure 
of  the  true  lymphatic  glands. 

The  details  of  the  structure  of  the  lymphatic  glands  have  been  most 
.laboriously  investigated  and  excellently  described  by  His,f  Kolliker,J 
;Recklinghausen,§  and  especially  by  Teichmann||  and  Frey.^f  From  their 
i  investigations  we  learn  that  each  gland  is  invested  by  a  vascular  sheath  or 
\2apsule  of  condensed  connective  tissue,  which  is  continuous  with  the  coats 
of  the  afferent  and  efferent  vessels,  sending  inwards  a  number  of  thin  la- 
nellae,  so  disposed  and  connected  together  as  to  constitute  a  tolerably  regu- 
1  ar  alveolated  framework  pervading  the  gland,  excepting  usually  near  the 
joentre.  The  septa  thus  formed  contain  in  Man  and  many  other  animals, 
)ut  especially  in  the  Rumi- 

lants,  numerous  muscular  1G' 
i  ibre-cells,  dd,  Fig.  66.  The 
|!  tlveoli  are  most  distinct  near 
l  >he  surface  of  the  gland,  c  c, 
['  Fig.  64 ;  towards  the  centre,  in 
consequence  of  the  breaking 

ip  and  irregular  disposition  of 
Bthe  septa,  they  are  not  very 
[{apparent.  The  centre  of  the 
I  jdand  is  occupied  by  the  medul- 
kiary  substance,  varying  consi- 
derably in  amount  in  different 
I: instances,  but  always  most 
I  abundant  in  childhood,  and  in 

I  the  more  deeply  seated  glands.     SeotionofI.mphatie  Qland  ghowing,  a,  „,  the  fibrous 

I  Its  relation  tO  the  alveoli  may  tissue  which  forms  its  exterior ;  b,  b,  superficial  vasa 
Inptit   ho    nn(lfli.utr,«fl   1-,-rr  inferentia :  c,  c,  larger  alveoli,  near  the  surface ;  d,  d, 

lOestt    be    understood  by    COn-  8maller  alveoli  of  the  interior  ;  e.e,  fibrous  walls  of  the 

I  :eivmg  it  to  be  a  plastic  sub-  a^eoii. 

*  "Zeits.  f.  wiss.  Zool.,"  Bd.  xv.  1865,  p.  127. 

t  "  Unter8uchungen  iiber  den  Bau  der  Peyerschen  Driisen,"  Leipzig,  1862. 

t  "  Gewebelebre,"  1866.  §  "Die  Lyrnphgofasse,"  Berlin,  1862. 

||  Op.  cit.     U  "Untersuch.  lib.  die  Lymph-driisen  des  Menscben,"  Leipzig,  1861. 
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stance,  accumulated  in  mass  at 
prolongations  of  the  most  irre 


Fig.  65. 


Simple  Lymphatic  Gland,  a,  The  cap- 
sule with  sections  of  lymphatics,  d,  _d, 
coursing  through  it.  6,  Lacunar  and  in- 
tercommunicating passages,  permeated  by 
the  lymph,  and  forming  the  superficial 
lymph-path  of  Frey.  c,  Nucleus  or  me- 
dullary portion  of  the  gland,  in  the  centre 
of  which  tho  section  of  a  blood-vessel  may 
be  seen.  The  path  pursued  by  the  lymph 
through  the  medullary  portion  constitutes 
the  deep  or  secondary  lymph-path  of  Frey. 

of  tubes ;  though,  of  course,  on 
account  of  the  valves,  more 
readily  through  the  former  than 
the  latter.  The  course  which 
the  lymph  takes  in  traversing 
these  somewhat  lacunar  spaces 
around  the  medullary  sub- 
stance contained  within  the  al- 
veoli, is  termed  by  Frey  the 
superficial  lymph-path.  The 
central  or  medullary  portion 
consists  of  a  close  network  or 
reticulum  of  connective  tissue 
fibres,  a,  Fig.  66  ;  in  the  inter- 
stices of  which  are  numerous 
lymph-corpuscles.  It  is  not 
bounded  by  any  definite  mem- 
brane, though  a  kind  of  in- 
vesting wall  is  formed  by  the 
connective- tissue  fibres  being 
much  more  closely  arranged 
near  the  surface  ;  fluids,  there- 
fore, which  are  circulating 
through  the  superficial  lymph- 
path  (b)  Figs.  66  and  67,  may 
also  slowly  percolate  through 
the  medullary  portion,  and  this 
constitutes  the  deep  lymph-path 


the  centre,  and  sending  out  on  all  sides 
gular  form  and  shape,  which  do  nearly 
but  not  completely,  fill  the  alveoli,  spaces 
being  consequently  left  between  the 
septa  which  form  the  alveoli,  and  the 
processes  of  medullary  substance  par- 
tially filling  them.  These  are  termed 
by  Frey  the  investing  spaces  of  the 
follicle,  and  are  represented  by  b  in 
Figs.  65  and  66.  They  are  traversed 
by  irregular  fibres,  formed  of  nucleated 
cells  with  anastomosing  prolongations, 
c  c,  Fig.  66.  According  to  Reckling- 
hausen, they  are  lined  by  epithelial 
cells  of  a  rounded  polygonal  form, 
and  certainly  contain  numerous  lymph- 
corpuscles.  They  are  directly  con- 
tinuous with  the  afferent  and  efferent 
vessels,  and  may  be  filled  with  injec- 
tion propelled  from  either  of  those  sets 

Fig.  66. 


Portion  of  the  Medullary  substance  of  the  Mesente- 
ric Gland  of  an  ox.  Theartery  injected  with  Chromate 
of  Lead  x  300.  u,  Medullary  substance  with  capillary 
network,  fine  reticulum  of  connective  tissue,  and  a 
few  lymph  corpuscles ;  b,  b,  superficial  lymph-patl), 
traversed  by  a  reticulum  of  nucleated  cells  (ct)  wiU> 
numerous  anastomosing  prolongations.  The  lymph 
corpuscles  have  for  the  most  part  been  removed 
with  a  camel-hair  brush;  d,  d,  Trabecule,  com- 
posed almost  exclusively  of  unstriped  muscular  tis- 
sue ;  g,  a  small  medullary  cord  or  bridge,  contain- 
ing a  blood-vessel  and  numerous  lymph  corpuscles. 


ELABORATION  OF  NUTRIENT  MATERIALS.  PEVEIt's  GLANDS.  175 


f  Frey.  The  medullary  portion  is  freely  supplied  with  blood- 
essels.  It  thus  appears,  that  the  lymph  or  chyle  entering  one 
f  the  mesenteric  glands  passes,  under  ordinary  circumstances,  from 
le  afferent  to  the  efferent  vessels,  through  the  superficial  lymph- 
ath,  that  is,  chiefly  through  the  investing  follicular  spaces  around 
id  between  the  alveoli :  though  partly  also  through  the  interstices 
f  the  tissue  forming  the  medullary  portion  of  the  gland,  where 
comes  into  intimate  relation  with  the  blood-vessels,  and  takes 
p  a  certain  proportion  of  lymph-corpuscles.    When,  however,  the 

tivity  of  the  gland  is  at  its  height,  as  regards  both  the  circulation  of 
>.e  blood  and  that  of  the  lymph,  as  after  food,  the  pressure  of  the 
icreased  quantity  of  the  lymph  effects  the  dilatation  of  the  minute  pores 
j  which  the  spaces  between  the  connective-tissue  corpuscles  and  their 
rolongations  communicate  with  the  alveolar  investing  spaces.  A  much 
ore  rapid  percolation  of  the  newly-absorbed  fluid  is  thus  permitted 
irough  channels  in  which  lymph-corpuscles  are  abundantly  contained, 
fecting  the  first  steps  in  its  assimilation  to  that  fluid,  into  which 

is  subsequently  poured,  and  of  which  it  is  obvious  that  it  constitutes 
le  pabulum. 

144.  The  whole  of  the  Lacteal  and  Lymphatic  system  may  thus  be 
oked-upon  as  constituting  one  great  Assimilating  Gland,  dispersed 
.rough  the  body  at  large ;  for  it  does  not  differ  in  any  essential  parti- 
ilar  from  what  the  Kidney  or  the  Testis  would  be,  if  it  were  simply 
ira  veiled,  and  its  convoluted  tubuli  spread  through  the  entire  system, 
it  still  all  discharging  their  secreted  products  by  a  common- outlet, 
i  the  cold-blooded  Vertebrata,  the  Absorbent  system  appears  to  attain 
relatively  greater  development  than  it  does  in  the  higher  classes ;  but 

fie  difference  really  lies  in  the  greater  extension,  in  the  former,  of  those 

I  andular  elements  which  are 

•  ore  concentrated  in  the  latter  Fig.  67. 
•ee  Princ.  of  Comp.  Phts.,  §§ 
6i — 187). — Scattered  through 

•  e  whole  length  of  the  intes- 
nal  mucous  membrane,  from 
l  e  Stomach  to  the  Rectum,  are 
brtain  peculiar  bodies,which  are 

lown  as  Peyer's  Glands.  These 

ay  be  either  '  solitary'  or  '  ag- 
i  mated ;'  the  former  being  very 
hnerally  distributed  throughout 
|  e  intestinal  canal,  whilst  the 

tter  are  restricted  to  the  small 
I  testine,  being  most  abundant 
\  the  lower  part  of  the  ileum. 
Y  whatever  portion  of  the  canal 
I;  ey  may  occur,  they  are  always 

nitorl  'in  oU, J/L  i      Purtion  of  the  mucous  surface  of  the  end  of  the 

I  iilteu  in  Situation  tO  that  part  Human  Ileum,  moderately  magnilied  showing  the 
I'  its  periphery  which  is  opposite  ^>.^(erian  Glands,  the  orifices  of  the  follicles,  and  the 

I  the  mesentery.    Each  '  Pey-  ' 

I  lan  gland,'  in  a  healthy  mucous  membrane,  presents  the  appearance  of  a 
I  rcular,  white,  slightly-raised  spot,  about  a  line  in  diameter,  over  which 
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the  membrane  is  usually  less  beset  with  villi,  and  is  very  often  entirely 
destitute  of  them ;  and  it  is  surrounded  by  a  ring  of  openings,  which  are 
the  orifices  of  a  set  of  cajcal  follicles  disposed  in  a  zone  around  it  (Fig.  67.) 
The  'Peyerian  patches'  (Figs.  57,  58,  and  67)  present  aggregations  of 
these  spots,  varying  in  number  from  two  upwards,  but  every  one  of 
their  individual  components  having  precisely  the  same  structure  as 
the  solitary  gland.  This  appears,  from  the  researches  of  Brlicke, 
Kblliker,  and  others,  to  be  a  sort  of  capsule,  whose  walls  are  composed 
of  indistinctly-fibrillated  connective  tissue  with  interspersed  nuclei,  and 
whose  contents  are  thus  but  imperfectly  differentiated  from  the  tissues 
in  which  the  gland  is  imbedded.  These  contents  are  made-up  of  a 
granular  'plasma,'  containing  fatty  and  albuminous  molecules  of  various 
sizes,  with  nuclear  particles  and  cells,  many  of  which  give  off  six  or 
eight  processes,  that  communicating  with  one  another  form  branched 

Fig.  68. 


Horizontal  Section  through  the  middle  plane  of  three  Te.yerian  Gland*  in  the  RahlU,  showing 
the  distribution  of  the  blood-vessels  in  the  interior. 

networks;  altogether  presenting  an  appearance  of  being  the  seat  on 
rapid  changes  of  progressive  metamorphosis.    Each  capsule  is  sur-J 
rounded  by  a  close  vascular  network  ;  and  according  to  the  observations 
of  Frey,  which  have  been  confirmed  by  Kblliker,*  capillary  vessels  pass 
freely  into  the  midst  of  its  contents,  and  then  return  loops,  as  shown  in 
Fig.  68.    According  to  the  researches  of  Teichmann,f  these  bodies  are 

*  "  Mikroskopische  Anatomie,"  Bd.  ii.  §  171. 

f  Teichmann's  investigations  were  chiefly  made  by  means  of  injections;  but  His 
who  examined  thin  sections  of  the  intestinal  mucous  membrane  after  merely  wasbini 
them  with  water  and  a  camel-hair  brush  ("  Untersuch.  iiber  den  Bau  der  Peyeriscncij 
Driisen,"  Leipzig,  1862,  p.  7),  maintains  the  elaborate  system  of  vessels  described  bl 
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3ver  penetrated  by  any  lacteal  vessels,  though  their  presence  in  the 
ucous  membrane  occasions  considerable  disturbance  in  the  usual  ar- 
ngement  of  the  lacteal  system.  The  figures  on  page  156  show  clearly 
e  relations  which  they  hold  to  the  surrounding  vessels,  together  with, 
e  general  structure  of  the  small  (Fig.  57)  and  large  intestine  (Fig.  58). 
i  their  course  through  the  mesentery,  the  Lacteals  pass  into  the 
>dies  known  as  the  Mesenteric  Glands,  which  stand  in  the  same  rela- 
:on  to  them  that  the  Absorbent  Glands  of  the  body  generally  do  to 

•  e  Lymphatics. 

I  145.  Composition  and  properties  of  the  Chyle  and  Lymph. — The  chief 
temical  difference  between  these  fluids  consists  in  the  much  smaller 
•oportion  of  solid  matter  in  the  Lymph, 
:\&  in  the  almost  entire  absence  of  fat,  ^1G-  69. 

hich  is  an  important  constituent  of 
e  Chyle.    Lymph  is,  in  general,  a 
•lourless,  transparent  fluid,  sometimes 
^Howish,  and  sometimes  turbid  or 
>alescent,  having  a  faint  odour,  salt 
ste,  and  alkaline  reaction.    Its  che- 
ical  characters,  according  to  Ludwig, 
iry  considerably  at  different  periods, 
id  even  in  different  parts  of  the  sys- 
;  m  at  the  same  time  ;  so  that  of  the 
nids  taken  from  the  two  sides  of  the 

„i          -n           ,  •         i              ,-,  a,  Formation  of  lymph-corpuscle, — first  a 

iCkjltWlLL  Sometimes  happen  that  One  shapeless  aggregation  of  molecules  in  a  very 

I  ill  Coagulate  Spontaneously,  whilst  the  finely-granular  base,  next  acquiring  shape, 

,         °      .       /i    ■  i        t            •  *i       it  which  is  completed  iu  ihe  third  object.  At 

:  tier  remains  fluid.     A  Considerable,  d  is  an  endogenous  brood  of  lymph-cor- 

OUffh  variable  number  nf  rnrTm<5rlp<?  Puscles-  b>  The  perfect  lymph-corpuscle 
.uugn  vanaDie,  numDer  01  COrpUSCieS  acquiring  a  cell-wall,  closely  adhering  at  first, 

id  minute  oil -globules   are  generally  and  distended  and  made  clearer  in  the  last 
aT-       i         i  i  obiect  by  dilute  acetic  acid,    c,  First  the 

I  esent ;     the     lymph-COrpUSCleS      are  peJrfect  lymph-corpuscle,  scarcely  afiected, 

i  iclei,  which  may  acquire  a  coating;  af*er  having  been  soaked  in  strong  acetic 

,  -in  i       (*  f       ac^  >  then  pale  cells,  from  the  lymph  of  the 

I  at  gradually  assumes  the  form  of  a  thoracic  duct,  showing  the  double,  triple, 

Ill-Wall,  the  Whole  then  becoming  the  fnd  quadruple  division  of  the  nucleus  under 
.  '  6  the  action  of  the  same  acid. 

•  tie  cell  of  the  blood.  In  the  act  of 

•quiring  this  envelope,  however,  the  nuclei  undergo  some  alteration, 
ice  they  now  show  indications  of  cleavage,  under  the  influence  of 
etic  acid,  which  previously  exerted  little  or  no  influence  upon  them. 
ie  stages  of  formation  of  the  lymph-corpuscles  are  well  shown  in  the 
Ijoining  diagram  after  Mr.  Gulliver.*  The  oil-globules  found  in  the 
mph  are  always  especially  abundant  after  food.    The  following  table 

;ichmann  to  be  only  splits  or  fissures  in  the  membrane  between  the  follicles,  tra- 
■  reed  by  fibrous  cords  and  bands,  and  containing  blood-vessels.    At  the  same  time 
i  agrees  with  the  view  that  they  serve  as  channels  for  the  conduction  of  the  chyle. 
!  3  considers  that  the  proper  substance  of  the  parietes  of  the  follicles  is  continuous 
«th  that  of  the  villi  and  subjacent  portion  of  the  mucous  membrane  ;  both  consisting 
a  matrix  of  areolar  tissue  with  nucleated  cells  imbedded  in  it,  and  of  capillaries, 
,  9  latter  being  sparingly  distributed  to  the  follicles,  causing  them  to  appear  like 
ar  spaces  in  fine  sections.    He  applies  the  term  adenoid  tissue  to  the  matrix  of  the 
i   ?'..an^  to  ^e  surrounding  tissue  of  the  intestinal  mucous  membrane.  The 
eberkuhnian  Glands  are  imbedded  in  this  adenoid  substance,  and  immediately  ex- 
•nal  to  them  is  the  muscular  layer  (Briicke)  of  the  mucous  membrane.    He  believes 
tly,  that  the  cells  imbedded  in  the  adenoid  substance  become  blood-corpuscles. 
*  "Med.  Times  and  Gazette,"  Nov.  14,  1863. 
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shows  the  results  of  some  of  the  most  accurate  analyses  that  have  been 
made  upon  human  Lymph  :  * — 


In  1000  Parts  of  Lymph. 

G-ublerand  Quevenne. 

Marchand 
and 
Colberg. 

Scherer. 

Nasse. 

Dahnhardt.f 

X. 

n. 



m. 

IV. 

V. 

VI. 

93987 

93477 

969-26 

957-60 

940-60 

985 

60-13 

6523 

3074 

42-40 

6050 

15 

0-56 

063 

5-20 

0-37 

1-65 

Albumen  .... 

42-75 

42-80 

4-34 

34-72 

Fat  

382 

9-20 

2-64 

5 

Extractives     .    .  . 

570 

440 

3-12 

Salts  

7-30 

8-20 

1544 

7-31 

10 

The  Lymph  examined  in  the  analyses  numbered  i.  and  n.  was  obtained 
from  the  thigh  of  a  healthy  woman,  39.  years  of  age ;  that  in  No.  my 
from  a  wound  on  the  dorsum  of  the  foot ;  that  in  No.  iv.  from  a  saccular 
dilatation  of  a  Lymph-vessel  of  the  spermatic  cord  ;  that  in  No.  v.  from 
a  lymphatic  fistula ;  and  No.  vi.  from  the  thigh  of  a  patient  suffering 
from  Barbadoes  leg.  Leucine,  Sugar,  and  Urea  have  been  found  in  the 
Lymph;  the  latter  in  the  very  perceptible  proportion  of  0'1  to  0"2  parts 
per  1000  (Wurtz). 

146.  In  fasting  animals,  the  composition  of  the  Chyle  appears  to 
resemble  very  closely  that  of  the  Lymph,  but  during  digestion  its. 
qualities  sensibly  alter.  The  following  analyses,  compared  with  the 
table  above,  will  enable  a  comparison  to  be  made  between  the  Chyle  and 
Lymph  of  man  : — 


In  1000  Parts  of  Chyle. 

Man. 

Cow. 

Horse, 
Thoracic 
Duct. 

Ass, 
Thoracic 
Duct. 

Dog. 

Cat. 

Owen 
Bees. 

Lassaigne. 

Simon. 

Owen 
Kees. 

Schmidt. 

Nasse. 

Solid  residue   .    .  . 

904-8 
95-2 

964-40 
35-60 

928-23 
7157 

902-37 
97-63 

916-65 
83-35 

905-7 
94-3 

Fibrin  

Albumen  .... 

Fat  

Extractives .... 
Salts  

traces 
70-80 

920 
108 

4-4 

0-95 
28-0 
0-40 
0-55 
5-70 

0-72 
49-89 
4-89 

J  11-42 

3-70 

35-  16 

36-  01 
15-65 

7-11 

2-12 
35-75 
33-02 
4-03 
8-39 

1-30 
48-90 
32-70 

11-40 

The  small  proportion  which  the  oleaginous  bear  to  the  albuminous 
substances  (as  in  the  case  of  the  lymph),  in  the  first  three  of  the  preceding 
analyses,  is  probably  due  to  the  circumstance  that  in  these  instances  but 
little  food  had  been  taken  for  some  hours  before  death.  The  characters 
of  the  Chyle  drawn  from  the  larger  absorbent  trunks,  near  their  entrance 
into  the  Receptaculum  chyli,  are  very  different  from  those  of  the  fluid 
first  absorbed  into  the  Lacteals ;  for  during  its  passage  through  these 
vessels  and  the  Mesenteric  glands,  it  undergoes  important  alterations, 

*  v-  Gorup-Besanez,  "  Pbysiologiscbe  Chemie,"  1862,  p.  358. 
+  Virchow's  "Archiv,"  Bd.  xxxvii.  1866,  p.  55. 
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:hich  gradually  assimilate  it  to  Blood.  Fig.  70. 

b'he  chyle  drawn  from  the  lacteals  that 
.  averse  the  intestinal  walls  contains  Al- 
nmen  in  a  state  of  complete  solution ; 
Ht  it  is  generally  destitute  of  the  power 
coagulation,  no  Fibrin   being  pre- 
nt  in  it.     The  salts,  also,  are  coni- 
tely  dissolved  ;  but  the  Oily  matter 
sents  itself  in  the  form  of  globules  of 
iable  size.*    It  is  generally  supposed 
at  the  milky  colour  of  the  chyle  is 
lg  to  these ;  but  Mr.  Gulliver  has 
inted  outf  that  it  is  really  due  to  an 
mense  multitude  of  far  more  minute 
rticles,  which  he  describes  as  form- 
the  molecular  base  of  the  chyle. 
Figs.  70,    71).     These  molecules 
e   most    abundant   in   rich,  milky, 
que  chyle ;  whilst  in  poorer  chyle, 
'ch  is  semi-transparent,  or  opaline, 
particles  float  thinly  or  separately 
the  transparent  fluid,  and  often  ex- 
it the  vivid  motions  common  to  the 
st  minute  molecules  of  various  sub- 
nces.   Such  is  their  minuteness  that, 
.n  with  the  best  instruments,  it  is  im- 
ible  to  form  an  exact  appreciation 
er  of  their  form  or  their  dimensions, 
ey  seem,  however,  to  be  generally 
lerical ;  and  their  diameter  may  be 
lated  at  between  1-3 6,000th  and 
24,OOOth  of  an  inch.     Though  re- 
kable  for  their  unchangeableness, 
en  subjected  to  the  action  of  nume- 
reagents  which  quickly  affect  the 
>per    Chyle  -  corpuscles,   they  are 
'y  soluble  in  ether,  the  addition  of 
'ch  causes  the  whole  molecular  base 
antly  to  disappear,  not  a  particle  of 
emaining  ;  whence  it  may  be  inferred 
t  they  consist  of  oily  or  fatty  matter, 
at  they  do  not  ordinarily  tend  to 

'esce  is  probably  due  to  the  coating    Molecular  Baae  and  CorpuscleB  0f  Chyle. 

lbumen  which  they  Obtain  through  At  a,  from  a  lacteal  on  the  intestine;  b, 
■    j"£p    •  „     •  -i-i        •  n    •  i     from  a  mesenteric  gland:  c,  from  the  re- 

1T  dlttUSlOn  in  an  albuminous  fluid  ;   ceptaculum  chyli.    from  a  man. 


-i-oor  in 


These  oily  globules  are  more  abundant  in  the  Chyle  of  Man  and  of  the  Carnivora 
i  in  that  of  the  Herbivora  ;  their  diameter  has  been  observed  to  vary  from 
,000th  to  l-2000th  of  an  inch. 

Gerber's  "  General  Anatomy,"  Appendix,  p.  88  ;  and  "  Hewson's  Works"  (Syden- 
Society  Edition),  notes  to  pp.  82-88 ;  and  College  Lectures  in  "  Med.  Times  and 
tte,"  1863. 
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if,  however,  this  be  dissolved  by  acetic  acid,  or  even  when  water  is 
added,  many  of  the  molecules  are  lost  sight  of,  and  oil-drops  appear 
in  their  place.  The  milky  colour  which  the  Serum  of  blood  always 
exhibits  in  healthy  subjects  during  the  most  active  period  of  digestion, 
is  due  to  an  admixture  of  this  molecular  base  with  the  circulating  fluid. 

147.  During  the  passage  of  the  Chyle  through  the  absorbents  on  the 
intestinal  edge  of  the  mesentery,  towards  the  Mesenteric  Glands,  its 
character  changes  in  several  important  particulars.  The  presence  of 
Fibrin  begins  to  manifest  itself,  by  the  slight  coagulability  of  the  fluid 
when  withdrawn  from  the  vessels  ;  and  a  few  Chyle-  or  Cytoid-corpus- 
cles  make  their  appearance  ;  though  these  may  occasionally  be  observed 
in  the  chyle  from  a  lacteal  on  the  wall  of  the  intestine.  The  corpuscles  are 
most  abundant  in  the  chyle  of  the  mesentericglands,andbecomeless  nume- 
rous again  in  the  fluid  of  the  thoracic  duct  (compare  a,  b,  c,  Fig.  70). 

The  average  diameter  of 
Fig.  71.  these  bodies  is  about 

e/f~\  1 -4600th  of  an  inch. 

tt{rfSfe  °qC  C .  JCi      DminS  digestion,  they 

'$ig$°°°i&°  °    °o  °      ^f^S^  \J      are  seen  to  be  accom- 

°0,0o0oQ  JUp      Q  Panied  °y  much  of  the 

C  °  °  °  *"atty  molecular  base  of 

d  e/-^  thechyle(a,Figs.70,71), 

some  particles  of  which 
have  coalesced  to  form  I 
larger  ones,  surrounded 
by  a  thin  layer  of  albu- 
J  wsBin  ~~   men  (6,  Fig.  71).  Two,  | 

,    ,    ,  three,  or  more  of  the 

At  o,  primary  molecules  of  chyle  ;  b,  secondary  molecules  or  .  ,   

ohyle;  c;  fatty  globules;  d,  chyle-corpuscles ;  e,  pale  cells;  /,  Corpuscles  may  be  some- 

red  corpuscles.  times  seen  enclosed  within  I 

a  common  cell.  The  smaller  Chyle-corpuscles  appear  like  the  Lymph-  j 
corpuscles  to  be  in  the  condition  of  nuclei  (c?,  Fig.  71 ;)  in  those  a  little 
larger,  the  cell- wall  is  beginning  to  be  differentiated  from  the  nucleus; 
whilst  in  those  of  greatest  diameter  the  cellular  character  is  very  dis- 
tinct, and  the  nucleus  may  be  plainly  seen  in  the  interior,  especially 
after  the  addition  of  a  little  water  or  acetic  acid.  They  occasionally 
exhibit  curious  changes  of  form ;  in  this  respect  corresponding  with  the 
colourless  corpuscles  of  the  blood,  which  are  probably  the  same  bodies 
in  a  more  advanced  stage.  The  Chyle  drawn  from  the  lacteals  that 
intervene  between  the  Mesenteric  glands  and  the  Receptaculum, 
possesses  a  pale  reddish-yellow  colour ;  and,  when  allowed  to  stand 
for  a  time,  it  undergoes  a  regular  coagulation,  separating  into  clot  and 
serum.  The  former  is  a  consistent  gelatinous  mass,  which,  when  examined 
with  the  microscope,  is  found  to  include  the  Corpuscles,  each  of  them  sur- 
rounded by  a  delicate  film  of  oil ;  the  Fibrin  of  which  it  is  principally 
composed  differs  remarkably  from  that  of  the  Blood  in  its  inferior! 
tendency  to  putrefaction  ;  whence  it  may  be  inferred  that  it  has  not  yetj 
undergone  its  complete  vitalization.  The  serum  contains  the  Albumen! 
and  Salts  in  solution,  and  a  proportion  of  the  Corpuscles  suspended  m 
it.  It  is  curious,  however,  that  considerable  differences  in  the  perfection 
of  the  coagulation,  and  in  its  duration,  should  present  themselves  fl 
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ifferent  experiments.  Sometimes  the  chyle  sets  into  a  jelly-like  mass, 
rhich,  without  any  separation  into  coagulum  and  serum,  liquefies  again 
t  the  end  of  half-an-hour,  and  remains  in  this  state.  The  Chyle  from 
he  Eeceptaculum  and  Thoracic  duct  coagulates  quickly,  often  almost 
istantaneously ;  and  few  or  none  of  the  corpuscles  remain  in  the  serum. 
.Tie  fluid  drawn  from  the  Thoracic  duct,  and  from  the  Absorbent 
vessels  which  empty  their  contents  into  it,  is  frequently  observed  to 
resent  a  decided  red  tinge,  which  increases  on  exposure  to  the  air. 
.'his  tinge  appears  to  be  due  to  the  presence  of  Eed  blood-corpuscles  in 
n  early  stage  of  formation.*  The  ordinary  corpuscles,  moreover, 
ave  a  more  distinctly  cellular  character  than  have  those  of  the  chyle 
nd  lymph,  and  they  are  of  larger  size,  their  diameter  usually  ranging 
rom  about  l-2900th  to  l-2600th  of  an  inch :  in  these  particulars  they 
orrespond  with  the  colourless  corpuscles  of  the  Blood ;  as  also  in  the 
hange  they  exhibit  on  the  action  of  acetic  acid,  which  brings  into  view 
fro,  three,  or  four  distinct  central  particles.  The  quantity  of  lymph 
rhich  can  be  obtained  from  the  head  and  neck  of  the  dog  is  estimated 
y  Krausef  at  one-third,  and  by  Weiss|  at  one-fifth  of  the  weight  of 
aose  parts  ;  but  these  proportions  are  probably  too  high  for  the  body 
enerally ;  other  experiments  of  Weiss  showing  that  it  varies  from  one- 
fth  (after  an  abundant  supply  of  milk)  to  one-twelfth  of  the  total 
reight.  Bidder  and  Schmidt§  estimated  that  in  man  nearly  thirty 
ounds  of  mingled  lymph  and  chyle  were  daily  poured  into  the  sub- 
lavian  vein. 

148.  The  movement  of  the  fluids  taken  up  by  the  Absorbent  vessels 
eems  to  depend  upon  a  combination  of  different  agencies.  The  lower 
rertebrata  are  provided  with  '  lymphatic  hearts,'||  or  pulsatile  cavities, 
y  which  important  assistance  is  given  to  the  onward  flow ;  but  no  such 
id  is  afforded  in  Man  or  in  the  Mammalia ;  yet  it  is  obvious  that  a  con- 
iderable  vis  a  tergo  must  exist,  since,  if  the  thoracic  duct  be  tied,  it  is 
peedily  distended  below  the  ligature,  even  to  bursting.  In  the  Lym- 
hatics  as  well  as  in  the  Lacteals  of  the  higher  animals,  the  onward 
ourse  of  the  contained  fluids  is,  however,  probably  aided  by  the  con- 
raction  of  the  unstriped  muscular  tissue  in  their  walls,  assisted  by  the 
ction  of  the  valves ;  and  to  this  perhaps  we  may  attribute  the  emptiness 
f  the  absorbent  system  which  usually  presents  itself  some  little  time 
fter  death.  Moreover,  in  all  the  moveable  parts  of  the  body,  assistance 
3  afforded  (as  it  is  to  the  circulation  in  the  veins)  by  the  occasional 
•ressure  exercised  upon  the  lymphatic  vessels  by  the  surrounding  tis- 
ues  •  for  while  this  pressure  is  operating  it  will  tend  to  empty  them  of 
heir  contents,  which  are  only  permitted  by  the  valves  to  pass  in  one 
lirection ;  and  when  the  pressure  is  relaxed,  they  will  be  refilled  from 
)ehind.  In  the  lacteals,  special  agents  for  the  propulsion  of  the  chyle 
xist  in  the  muscular  fibres  contained  within  the  villi,  which  constitute 
o  many  minute  force-pumps  that  are  perhaps  stimulated  to  action  (as 

*  See  Mr.  Gulliver's  Lecture  iii.,  "  Med.  Times  and  Gaz.,"  vol.  ii.  1863,  p.  449. 
t  "Zeitschrift  f.  rat.  Med.,"  N.  F.,  Bd.  vii.p.  148. 

t  " Dissert.  Inaug.,"Dorpat,  1860,  quoted  in  Funke,  "Physiol."  4th  edit.,  1863,  p.  396. 
§  "  Verdauungssafte  und  Stoffwechsel,"  §§  224,  285. 

I  See  Wharton  Jones  on  'Lymphatic  Heart  of  Eel.'  "Proc.  Roy.  Soc,"  Nos.  98. 
•nd  101,  1868. 
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suggested  by  Schiff)  by  the  irritating  properties  of  the  bile.  When  the 
lacteal  and  lymphatic  fluids  have  arrived  at  the  thoracic  duct,  besides 
the  forces  already  mentioned,  their  flow  receives  an  additional  impetus 
from  a  vis  a  fronte  derived  in  part  from  the  suction-power  exerted  by 
the  rapid  movement  of  the  blood  in  the  subclavian  veins,  the  influence 
of  which  may  readily  be  proved  experimentally,  and  partly  from  the 
negative  pressure  exerted  upon  the  walls  of  the  duct  during  the  period 
of  inspiration,  the  opposing  influence  of  expiration  being  neutralized  by 
the  valves.  Noll*  found  the  pressure  in  the  larger  lymphatics  of  the  neck 
in  cats  and  dogs  to  be  equal  to  that  of  a  column  of  water  varying  from 
£  to  1\  inch  in  height  (10 — 30  mm.),  but  it  is  probably  much  higher 
in  the  smaller  vessels.  The  rapidity  of  the  current  in  the  lymphatics  of 
the  neck  is  stated  by  Weiss  to  be  about  one-sixth  of  an  inch  per  second. 

149.  Since  the  blood-vessels  constitute  a  closed  system  of  canals  inter- 
posed between  the  histological  elements  of  the  various  organs,  a  con- 
tinual process  of  transudation  must  take  place  through  their  walls,  in 
order  that  the  fluids  appropriate  to  the  nutrition  of  the  different  tissues 
may  be  supplied  in  due  proportion  to  their  requirements.    This  effect 
is  probably  in  part  the  result  of  the  operation  of  the  laws  of  Osmosis, 
which  are  here  made  subservient,  not  only  to  the  passage  of  the  nutrient 
materials  of  the  blood  outwards,  but  also  to  the  introduction  of  the 
products  of  disintegration  into  the  circulating  fluid  for  the  purpose  of 
being  ultimately  discharged  by  the  excretory  organs.    But  the  main 
agent  in  the  process  appears  to  be  the  constant  and  considerable  pressure 
exerted  by  the  blood  against  the  inner  surface  of  the  vessels,  effecting  a 
filtration  of  its  fluid  portions  into  the  irregular  cavities  and  interspaces 
of  the  connective  tissue  which  are  now  believed  to  constitute  the  true 
origin  of  the  Lymphatics.    This  view  receives  support  from  the  expe- 
riments of  Tomsa,!  who  has  shown  that  the  injection  of  serum  into  the 
vessels  immediately  after  death,  at  the  ordinary  pressure  of  the  blood, 
is  followed  by  the  filtration  of  a  fluid  closely  analogous  to  lymph  in  its 
characters,  which  can  readily  be  obtained  from  the  lymphatic  vessels. 
And  there  is  abundant  evidence  to  show  that  those  circumstances  which 
tend  to  increase  the  pressure  in  the  capillaries,  either  by  forcing  more 
blood  into  the  part,J  or  by  preventing  its  return  by  ligature  or  pressure 
applied  to  the  veins  (provided  that  complete  stoppage  of  the  current  of 
the  blood  is  not  produced),  are  followed  by  an  increased  discharge  ol 
lymph,  as  well  as  of  lymph-corpuscles,§  from  the  larger  absorbent 
vessels.    It  is  easily  intelligible  that  various  other  causes  besides  pres- 
sure may  influence  the  quantity  and  quality  of  this  fluid,  which,  as 
Milne-Edwards||  observes,  is  poured  forth  to  irrigate  the  various  organs 

*  Ludwig,  "  Physiologie,"  vol.  ii.  p.  581. 

t  The  Serum  used  in  Tomsa's  experiments  contained  from  6*77  to  626  percent. of 
solid  residue,  and  that  obtained  from  the  Lymphatics  from  6-12  to  4*36  per  cent., 
which  is  about  tbe  proportion  in  ordinary  lymph. 

%  As  was  effected  by  Mr.  Robinson  in  his  experiment  recorded  in  the  "  Med.-Chir. 
Trans.,"  vol.  xxvi.  p.  51,  when  the  aorta  just  above  its  division  into  the  common 
iliacs,  and  also  one  of  the  renal  arteries,  were  tied,  and  albumen  immediately  made  its 
appearance  in  the  urine,  being  as  it  were  forced  by  the  increased  pressure  in  the  re- 
maining renal  artery,  through  the  delicate  filter  formed  by  the  walls  of  the  vessels  in 
the  Malpighian  tufts.        §  See  Cohnheim,  Vircbow's  "  Archiv,"  1867,  Bd.  xl.  p.  Ij 

II  See  his  excellent  chapter  on  Transudation  in  the  "  Lecons  sur  la  Physiologic, 
vol.  iv.  1859,  p.  391-446. 
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?  the  body ;  for  besides  the  important  condition  of  the  quality  of  the 
ood  (with  the  effects  of  variations  in  which  we  are  but  imperfectly 
jquainted),  differences  in  the  thickness  of  the  walls  of  the  vessels  and  of 
ie  external  pressure  to  which  they  are  subjected,  may  to  some  extent 
3  the  causes  of  those  differences  in  the  nature  of  the  transudate  ob- 
rved  in  Hydrocephalus,  Ascites,  and  Hydrocele.* — The  influence  of 
te  Nervous  system  on  the  formation  of  lymph  has  been  studied  by 
•jause  and  Tomsa ;  from  whose  experiments  the  conclusion  may  be 
.awn,  that  the  nervous  system  exerts  little  or  no  direct,  but  frequently 
v  well-marked  indirect  influence  on  the  amount  produced  in  a  given 
me.    Thus,  whilst  Tomsa  found  that  irritation  of  the  nerves  proceed 
\g  to  the  testicle  produced  no  alteration  of  the  quantity,  Krause  ob 
•wed,  on  excitation  of  the  portio  dura,  a  considerable  increase  in  the 
t>w ;  the  difference  being  clearly  the  result  of  the  intermittent  pres- 
rire  of  the  muscles  in  the  parts  traversed  by  the  lymphatics  in  the 
-ie  instance,  and  the  entire  absence  of  muscles  in  the  other, 
i  150.  Vascular  or  Ductless  Glands. — There  is  reason  to  believe  that 
eie  office  performed  by  certain  bodies  connected  with  the  Sanguiferous 
jrstem,  which  possess  the  essential  elements  of  the  Glandular  structure 
tithout  any  efferent  ducts,  is  to  restore  to  the  circulating  current  any 
hbstances  which  they  may  withdraw  from  it ;  and  there  seems  adequate 
•ound,  therefore,  for  the  conclusion,  that  their  action,  whatever  it  may 
, },  is  subsidiary  to  the  process  of  Sanguification, — being  exercised,  per- 
Aips,  upon  that  portion  of  the  nutrient  materials  more  especially,  which 
(lid  not  traverse  the  Absorbent  system  when  first  introduced,  but  which 
il-as  directly  taken-up  by  the  Blood-vessels.    The  organs  in  question 
*  e  the  Spleen,  and  the  Thymus,  Thyroid,  and  Supra-renal  bodies. 

■  f  these,  the  Spleen  deserves  especial  notice,  on  account  of  its  size  and 
I  4  obvious  functional  importance  in  the  adult ;  the  others  appearing  to 
fliinister  more  particularly  to  the  requirements  of  the  system  at  the 
■j  rlier  periods  of  life. 

;|i  151.  The  minute  structure  of  the  Spleen  has  recently  been  made  the 
i  bject  of  careful  research  by  many  excellent  microscopic  observers; 
lliid  the  following  are  the  most  important  points  which  maybe  considered 
J!  have  been  established  by  their  labours  :f — 

I  i.  The  fibrous  coat  in  Man  is  composed  of  white  fibrous  tissue,  with 

I I  intermixture  of  yellow  or  elastic  fibres,  and  perhaps  a  few  fusiform 

I  m-striated  muscular  fibre-cells;  which,  however,  are  much  more 

I I  imerous  in  many  of  the  lower  animals.    The  trabecular  tissue  consists 

I  *  See  Hale's  "  Haemastatics,"  pp.  118-119. 

I I  See  Kolliker,  "  Cycl.  of  Anat.  and  Physiol.,"  vol.  iv.,  Art.  1  Spleen  ;'  and  "  Mi- 
Uoskop.  Anat.,"  Bd.  ii.  §§  183-189.     Sanders,  Goodsir's  "  Annals  of  Anat.  and 

■  lysiol.,"  No.  1;  and  "Edin.  Monthly  Journal,"  March,  1852,  p.  286.  Wharton 
|nes,  "  Brit,  and  For.  Med.-Chir.  Review,"  vol.  xi.  p.  32.  Huxley,  "  Quart.  Journ. 
llMicroscop.  Sci.,"  vol.  ii.  p.  74 ;  and  Transl.  of  Kblliker's  "  Manual  of  Human  His- 

[l-0gy"  (Sydenham  Society),  vol.  ii.  p.  144.  Gray,  "On  the  Structure  and  Use  of 
la  Spleen"  (Astley-Cooper-Prize  Essay,  1854).    Remak,  Mailer's  "  Archiv,"  1852. 

I  Tuig,  "  Anatomische-Histologische  Untersuchungen  iiber  Fische  und  Reptilien," 
153.    Billroth,  "Archiv  fur  Path.  Anat.,"  Bd.  xx.  p.  409  and  528;  "Archiv  f. 

I I  jat.  und  Physiolog.,"  1857,  p.  88.  Kowalowsky,  Virchow's  "  Archiv,"  1861,  p.  203. 
I  leda  and  Schweigger-Siedel,  id.,  Bd.  xxiv.  23,  p.  457  ;  Peremeschko,  "  Sitzungsber. 
I  k.  Akad.  zu  Wien,"  Bd.  lv.  and  lvi.,  and  Muller's  "Gott.  Nach.,"  1862-1863  ;  and 

ft.  Muller,  "Monograph  on  the  Spleen,"  Leipsic,  1865. 
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of  bands  and  threads  of  fibrous  tissue,  which  arise  from  the  inner 
surface  of  the  fibrous  envelope,  and  form  a  network  that  extends  through 
the  entire  organ,  becoming  connected  also  with  the  fibrous  sheaths  of 
the  vessels  which  penetrate  it.  These  bands  are  partly  muscular  in 
those  animals  which  have  muscular  fibres  in  the  external  envelope ;  but 
elsewhere  they  are  simply  fibrous.  The  spaces  left  by  their  intersection, 
which  are  by  no  means  regular  as  to  either  form  or  size,  are  occupied 
by  the  splenic  corpuscles  and  splenic  parenchyma. 

ii.  Of  the  Arteries  of  the  Spleen,  it  is  chiefly  to  be  observed  that  their 
branches  form  no  anastomoses,  but  subdivide  and  ramify  like  the  branches 
of  a  tree,  with  the  Malpighian  corpuscles  attached  to  them  as  fruit 
(Fig.  72).  Beyond  their  connection  with  these,  however,  they  enter 
the  general  mass  of  the  splenic  parenchyma ;  and  here  each  twig  sub- 
divides into  a  tuft  of  arterioles  still  more  minute,  which  either  pass 
directly  into  capillary  veins  (Billroth)  or  again  subdivide  into  the  true 
capillaries. — The  Capillaries,  bounded  only  by  their  very  thin  walls, 
pass  in  every  direction  through  the  spleen -pulp,  both  in  the  general 
mass  of  the  organ,  and  also  in  the  interior  of  the  Malpighian  corpuscles. 
But  it  is  affirmed  by  Mr.  Gray,  with  whom  Stieda  and  W.  Miiller  agree, 
that  in  the  Spleen  of  Man  and  of  many  other  animals,  the  walls  of  the 
capillaries  frequently  disappear,  and  that  the  blood,  in  passing  from 
the  minutest  arteries  to  the  minutest  veins,  moves  in  great  part 
through  lacunae,  or  mere  channels  in  the  pulp-tissue. — Of  the  Veins, 
the  idea  has  been  generally  entertained,  that  they  are  dilated  into 
cavernous  spaces  or  sinuses ;  but  this,  though  true  of  many  of  the  lower 
Mammalia,  especially  of  ruminants  and  diving  animals,  is  the  case  to 
only  a  very  limited  extent  in  Man.  Their  mode  of  ramification  closely 
resembles  that  of  the  arteries ;  and  they  are  unprovided  with  valves. 

in.  The  Parenchyma  of  the  Spleen  essentially  consists  of  cells  in 
various  stages  of  evolution,  imbedded  in  a  granular  plasma ;  thus  cor- 
responding in  every  essential  particular  with  the  contents  of  the  Peyerian 
and  Absorbent  glandular  (§  144),  and  giving  evidence,  as  they  do,  of 
being  in  a  state  of  rapid  developmental  change.    The  amount  of  this 
colourless  parenchyma  is  stated  by  Mr.  Gray  to  undergo  a  marked 
increase  towards  the  end  of  the  digestive  process,  when  a  large  quantity 
of  new  alimentary  material  is  being  introduced  into  the  sanguiferous 
current ;    whilst,  in  the  intervals  of  this  operation,  it  undergoes  a 
gradual  diminution. — The  peculiar  Splenic  Corpuscles,  or  '  Malpighian 
bodies  of  the  Spleen,'  are  whitish  spherical  bodies,  which  are  connected  I 
with  the  smaller  arteries  by  short  peduncles,  like  grapes  with  their 
fruit-stalks,  or  are  sessile  upon  their  sheaths  (Fig.  72).    Their  diameter 
usually  varies  between  l-3rd  and  l-6th  of  a  line ;  smaller  bodies,  how- 
ever, are  met  with,  which  appear  to  be  Malpighian  corpuscles  in  »n 
■  earlier  stage  of  evolution.    The  boundary  of  each  is  an  indistinctly- 1 
fibrous  membrane,  which  appears  to  be  partly  formed  by  the  metamor- 1 
phosis  of  the  external  cells  of  its  contained  parenchyma,  and  to  be  I 
partly  derived  from  the  fibrous  coat  of  the  artery  to  which  it  is  at- 1 
tached.*     And  its   contents  correspond,  in  every  essential  particular, 

*  It  has  been  commonly  supposed  that  the  Malpighian  corpuscles  are  invested  bj 
a  distinct  limitary  membrane,  like  the  acini  of  ordinary  Glands ;  but  6ucb,  from  tne 
observations  of  Wharton  Jones  and  Huxley,  would  clearly  seem  to  be  not  the  case. 
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Fig.  72. 


vith  the  colourless  parenchyma  in  which  they  are  imbedded.  Their 
\  vails  are  covered  with  a  plexus  of  capillaries,  and  branches  from  these 
•averse  their  interior,  just  as 
n  the  case  of  the  Peyerian  and 
Ibsorbent  glandulae.  The 
lumber  and  size  of  the  Mal- 
:>ighian  corpuscles  bear  a  re- 
aarkable  relation  to  the  ge- 
leral  state  of  nutrition ;  being 
ouch  the  greatest  in  healthy 
veil-fed  animals,  whilst  in 
hose  that  have  been  ill-fed 
hey  diminish  extremely,  and 
o.  those  that  have  been  starved 
hey  disappear  altogether, 
lence  it  has  happened  that 
heir  existence  in  the  Human 
pecies  has  been  denied;  the 
■pportunity  of  examining  sub- 
sets not  reduced  by  previous 
bstinence,  being  one  that 
omparatively  seldom  occurs. 
?here  is  no  doubt,  however, 
f  their  normal  presence  in 
he  spleen  of  Man,  as  in  that 
•f  other  Mammalia. — Diffused 


Branch  of  Splenic  Artery,  the  ramifications  of  which 
are  studded  with  MaVpighian  corpuscles. 


midst  the  colourless  parenchyma,  but  in  very  variable  amount,  coloured 
ells  are  found, some  of  which  are  unchanged  blood-corpuscles,  whilst  others 

I  ppear  to  be  blood-discs  in  various  stages  of  retrograde  metamorphosis ; 
radually  diminishing  in  size,  and  assuming  a  golden-yellow,  brownish- 
ed,  or  even  blackish  colour,  or  having  the  pigmentary  matter  crystal- 
ized  in  a  rod-like  form  in  their  interior ;  or,  again,  breaking-up  into 
tetached  pigment-granules.  Occasionally  (though  very  rarely  in  the 
luman  subject)  little  clusters  of  from  1  to  20  of  these  degenerating 

I  'lood-corpuscles  are  found,  included  in  a  vesicular  envelope,  originally 
gored  by  Mr.  Gulliver.*  All  these  bodies  are  seen  in  the  blood  of  the 
splenic  vein ;  and  it  has  been  hence  concluded  by  some,  that  they  do 
iot  constitute  normal  elements  of  the  Splenic  parenchyma,  but  that 
hey  are  either  contained  in  its  capillaries,  or,  if  actually  diffused 
hrough  the  pulp,  are  so  as  a  result  of  an  abnormal  extravasation. 
These  conflicting  views  may  be  reconciled,  if,  as  stated  by  Mr.  Gray, 
he  splenic  blood,  in  its  passage  from  the  arteries  to  the  veins,  nor- 
mally escapes  from  the  walled  vessels  into  indefinite  channels,  tra- 
'ersed  by  connective  tissue,  so  that  its  corpuscles  may  become  diffused 
hrough  the  parenchyma  without  any  departure  from  its  regular 
:ourse;  and  it  is  a  confirmation  of  this  view,  that  the  amount  of 
ohmred  corpuscles  in  the  spleen-pulp  augments  with  the  general 
urgescence  of  the  vascular  system,  and  diminishes  with  the  poverty 
«  the  blood,  so  that,  in  animals  reduced  by  ill-feeding,  it  disappears 
-ltogether. 

*  "Lond.  and  Edin.  Phil.  Mag.,"  1842,  p.  169,  Fig.  2. 
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iv.  The  Lymphatics  of  the  Spleen  are  few  and  inconsiderable  in  Man; 
being  less  numerous  than  in  other  glandular  organs,  such  as  the  liver 
and  kidneys.  In  some  of  the  lower  animals,  as  in  the  horse,*  they  are 
more  abundant,  and  may  be  followed  into  the  interior  of  the  organ 
accompanying  the  larger  arteries  and  veins,  and  investing  the  smaller 
vessels  with  a  distinct  sheath,  between  which  and  the  parietes  of  the 
bloodvessel  numerous  lymph-corpuscles  may  be  found. 

v.  The  Nerves  of  the  Spleen  are  apparently  very  large  in  some 
animals,  especially  in  the  Ruminants;  but  the  great  size  of  their  trunks 
and  branches  is  chiefly  due  to  the  large  proportion  of  ordinary  fibrous 
tissue  which  enters  them;  the  number  of  real  nerve-fibres  being 
extremely  small. 

vi.  The  chemical  composition  of  the  Spleen  is  indicated  by  the 
following  analysis  of  Oidtmann  : — In  1000  parts  were,  water,  750-31, 
solid  residue,  249 '69  ;  of  the  latter,  242*32  parts  were  organic  sub- 
stances, and  7*37  inorganic.  Amongst  the  organic  substances,  albumen, 
fats,  inosite,  lactic,  formic,  succinic,  acetic,  butyric  and  uric  acids,  sar- 
kine,  xanthine,  leucine,  pigment,  and  much  cholesterine  have  been 
distinguished.  The  most  remarkable  circumstances  respecting  the  in- 
organic constituents  are  the  large  relative  quantity  present  of  soda, 
salts,  and  of  oxide  of  iron.f  From  the  observations  of  Mr.  Dobson,j 
which  have  been  corroborated  by  other  observers,  it  appears  that  the 
Spleen  attains  its  maximum  volume  at  the  time  that  the  process  of 
chymification  is  at  an  end — namely,  about  five  hours  after  food  is  taken ; 
and  that  it  is  small  and  contains  little  blood  seven  hours  later,  when  no 
food  has  been  taken  in  the  interval.  The  removal  of  this  organ  from 
the  body  has  been  performed  even  in  man  without  serious  effects ;  whilst 
in  some  instances  in  animals  perfect  regeneration  has  occurred,  which  is 
probably  attributable  to  the  hypertrophy  of  the  little  splenculi  so  often 
present  in  the  immediate  vicinity  of  the  Spleen  ;§  in  others,  enlargement 
of  the  lymphatic  glands  in  various  parts  of  the  body,  as  the  neck  and 
axilla?,  has  been  observed.  Maggiorani||  has  noticed  a  deficiency  in  the 
amount  of  iron  contained  in  the  blood-corpuscles;  and  in  the  dogs 
operated  on  by  Dr.  Dalton^  an  unnatural  appetite  and  a  ferocity  of 
disposition  were  exhibited,  which  may  perhaps  be  attributed  to  imper- 
fect assimilation  of  the  food  they  consumed. 

152.  The  history  of  the  development  of  the  Spleen,  which  was 
studied  with  much  care  by  Mr.  Gray,**  presents  facts  of  great  in- 
terest, as  aiding  in  the  determination  of  the  functional  character  of 
this  organ,  and  of  the  nature  of  its  component  parts. — It  arises  in  the 
Chick  between  the  4th  and  5th  days  of  incubation,  in  a  fold  of  mem- 
brane which  connects  the  intestinal  canal  to  the  spine  (the  '  intestinal 
lamina'),  as  a  small  whitish  mass  of  blastema,  perfectly  distinct  from 
both  the  stomach  and  the  pancreas ;  from  the  former  of  which  it  has 
been  said  by  Bischoff,  and  from  the  latter  by  Arnold,  to  take  its  origin. 

*  See  Tomsa,  in  "  Sitz.  d.  k.  Akad.  zu  Wien,"  Bd.  xlviii. 
f  v.  Gorup-Besanez,  "  Physiolog.  Chemie,"  1862,  p.  660. 
%  "Lond.  Med.  and  Phys.  Journ.,"  Oct.  1820. 
§  Phillipeaux  and  Mayer,  "C.  Rendus,"  1861,  p.  547. 

||  "  Comptes  Rendus,"  1861,  p.  319.  If  "Human  Physiology,"  1862,  p.  193. 

**  '  On  the  Development  of  the  Ductless  Glands  in  the  Chick,  in  "  Philosophical 
Transactions,"  1852,  p.  295 ;  see  also  his  Prize  Essay. 
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The  external  capsule  and  the  trabecular  tissue  are  developed  between 
:he  8th  and  9th  days :  the  former  as  a  thin  membrane  composed  of 
mcleated  fibres ;  the  latter  consisting  of  similar  fibres,  which  intersect 
he  organ  at  first  sparingly,  and  afterwards  in  greater  quantity.  The 
lood-vessels  of  this  organ  are  formed  within  itself,  independently  of 
hose  which  are  exterior  to  it;  and  blood-corpuscles  are  also  observed 
o  originate  in  the  substance  of  its  blastema,  their  formation  continuing 
mtil  its  connection  with  the  general  vascular  system  is  completed, 
it  which  period  their  development  appears  to  cease. — The  pulp-tissue, 
,c  an  early  period  of  its  formation,  closely  corresponds  with  that  of  the 
Supra-renal  and  Thyroid  bodies  in  their  earliest  stages  of  evolution ; 
onsisting  of  nuclei,  nucleated  vesicles,  and  a  fine  granular  plasma. 
When  the  splenic  vessels  are  being  formed,  many  of  these  nuclei  are 
uurrounded  by  a  quantity  of  fine  dark  granules,  arranged  in  a  circular 
B  mode;  and  these  appear  to  be  developed  into  nucleated  vesicles,  of 
.  Inch,  when  the  splenic  vein  is  formed,  nearly  the  whole  pulp  is  com- 
e>  oosed ;  the  nuclei  of  these  subsequently  break-up  into  a  mass  of  gra- 
ules,  which  fill  the  cavities  of  the  vesicles.   The  Malpighian  corpuscles 
fj  rre  developed  in  the  pulp  at  the  angles  of  division  of  the  smaller 
I  i>lood-vessels,  by  the  aggregation  of  nuclei  into  circular  masses,  around 
rhich  a  fine  membrane  is  subsequently  formed. — Thus  during  foetal 
fe  we  have  evidence  of  a  process  of  cell-growth  and  maturation,  fol- 
ded by  cell-destruction,  in  the  colourless  parenchyma.    The  largest 
roportional  size  and  the  greatest  functional  activity  of  the  Spleen, 
\  o  owever,  seem  to  be  exhibited  during  adolescence  and  the  most  vigorous 
period  of  adult  life,  its  proportionate  weight  to  the  whole  body  being 
aen  as  1  :  320  or  400. 
153.  The  Supra-Renal  bodies  in  Man  and  most  Mammalia  present, 
ke  the  kidneys,  a  division  into  cortical  and  medullary  substances;  the 
mer  portion  of  the  former  having  a  remarkably  dark  brown  hue.  The 
yrtical  substance,  divided  by  Arnold  into  three  zones,  named  Z.  glomeru- 
sa,  fasciculata,  and  reticularis,  is  principally  formed  of  a  stroma  of  con- 
ctive  tissue,  so  arranged  as  to  leave  a  series  of  oval  spaces  lying  end  to 
id  with  some  indistinct  indications  of  a  tubular  structure  ;  the  spaces 
r  tubes  are  filled  with  a  finely  granular  plasma  containing  a  large 
amber  of  fat-particles,  nuclear  corpuscles,  and  cells,  some  of  which 
re  small,  spherical,  or  cubical,  with  large  nuclei  and  finely  granular 
)ntents,  whilst  others  are  large,  coarsely  granular,  with  indistinct 
aclei,  and  much  fat  in  their  interior.    The  medullary  substance  con- 
tsts  of  a  basis  of  fibrous  tissue  which  is  continuous  with  processes  that 
ome  off  from  the  sheath  of  the  cortical  substance,  and  supports  a 
exus  of  tubes  filled  with  finely  granular  cells,  together  with  numerous 
ood-vessels  and  nerves.*    Holm,  in  the  supra-renal  bodies  of  oxen, 
und,  amongst  other  chemical  constituents,  inosite,  with  hypoxanthin, 
urin,  probably  leucin,  and  an  alkaline  colouring  matter.    The  supra- 
nal  bodies  are  more  highly  supplied  with  nerves  than  any  other  gland- 
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like  structure  in  the  body.  Kolliker  counted  no  less  than  33  branches 
proceeding  to  one  of  these  bodies,  derived  from  the  sympathetic,  pneumo- 
gastric  and  phrenic  nerves,  and  which,  after  passing  through  the  cortical, 
formed  a  dense  plexus  in  the  medullary  portion.  In  both  parts,  but  es- 
pecially in  the  latter,  numerous  multi-caudate  ganglion-cells  are  present. 

154.  Though  Brown-Sequard*  found  that  ablation  of  the  Supra- 
renal Capsules  was  uniformly  fatal,  yet  Phillipeeux,f  Harley,J  and 
Gratiolet  §  have  shown  that  this  effect  is  rather  attributable  to  haemor- 
rhage and  the  unavoidable  injury  to  the  nerves,  and  especially  to  the 
semilunar  ganglia,  attendant  upon  the  operation,  than,  as  Brown- 
Sequard  believed,  to  the  retention  of  some  poisonous  substance  in  the 
circulation,  which  it  is  the  office  of  these  bodies  to  remove.  Of  late 
years  much  importance  has  been  attached  to  the  study  of  the  diseases 
of  these  organs,  from  the  observations  of  Dr.  Addison,  that  such  cases 
are  frequently  associated  with  the  deposition  of  pigment  in  the  skin, 
causing  it  to  assume  a  deep  bronze  colour.  Harley,  Parkes,||  and  many 
others  have,  however,  shown  that  bronzing  of  the  skin  may  be  present 
and  yet  the  supra-renal  capsules  be  healthy;  whilst  Dr.  Kirkes,^[  Davy, 
and  others  have  recorded  cases  in  which  disease  was  present  in  one  or 
both  of  these  organs,  yet  no  bronzing  of  the  skin  occurred.  Further 
inquiry  is  therefore  requisite  to  determine  whether  the  disease  of  the 
capsules  and  the  discoloration  of  the  skin  really  stand  in  the  relation  of 
cause  and  effect. 

155.  The  development  of  the  Supra-renal  bodies  also  has  been  studied 
by  Mr.  Gray  (loc.  cit.).  He  states  that  they  arise  on  the  7th  day  of 
incubation,  as  two  separate  masses  of  blastema,  situated  between  the 
upper  end  of  the  Wolffian  bodies  and  the  sides  of  the  aorta ;  being 
totally  independent  (as  concerns  their  development)  of  those  bodies  and 
of  each  other.  At  this  period,  their  minute  structure  bears  a  close 
resemblance  to  that  of  the  spleen,  consisting  of  the  same  elements  as 
that  gland,  excepting  in  the  existence  of  more  numerous  dark  gramdes 
which  give  to  the  organ  at  a  later  period  an  opaque  and  darkly-granular 
texture ;  and  the  general  history  follows  a  very  similar  course :  th 
Supra-renal  capsules,  however,  acquiring  their  characteristic  structure 
and  attaining  their  largest  relative  size,  so  early  in  foetal  life,  as  to  sur 
pass  the  Kidneys  in  dimension  up  to  the  tenth  or  twelfth  week  of 
Human  embryonic  development ;  though  they  afterwards  diminish  so 
much,  relatively  to  the  Kidneys,  as  to  possess  in  the  adult  condition 
only  1-2 8th  part  of  their  bulk. 

156.  The  general  structure  of  the  Thymus  Gland  may  be  best  under 
stood  from  the  simple  form  it  presents,  when  it  is  first  capable  of  being 
distinguished  in  the  embryo.  It  is  then  solid,**  but  soon  breaks  down 
in  the  central  part  so  as  to  form  a  single  tube,  closed  at  both  ends,  and 
filled  with  granular  matter ;  and  its  subsequent  development  consists  in 
the  lateral  growth  of  branching  off-shoots  from  this  central  tubular  axis 
In  its  mature  state,  therefore,  it  consists  of  an  assemblage  of  hollo 

*  "Journal  de  la  Phys.,"  vol.  i.  1858,  p.  160. 

T  "  Comptes  Rendus,"  1856-57.  t  "  Med.-Chir.  Rev.,"  1858,  vol.  i.  p.  209 

§  "  Comptes  Rendus,"  1856.  ||  "  Med.  Times  and  Gaz.,"  1858,  p.  564. 

If  "  Med.  Times  and  Gaz.,"  1857,  p.  35  ;  1859,  p.  30. 
**  Jendrassik,  "  Sitzungsbericht  d.  Wien  Akad.,"  1856,  Bd.  xxii.  p.  75. 
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glandular  lobules,  united  together  by  connective  tissue ;  and  their 
cavities  all  communicate  with  the  central  reservoir,  from  which,  how- 
ever, there  is  no  outlet  (Figs.  73,  74).  Each  lobule  is  bounded  exter- 
nally by  an  indistinctly-fibrous  or  almost  homogeneous  membrane  (Fig. 

Fig.  73.  Fig.  74. 


Fig.  73. — Portion  of  Thymus  of  Calf,  un- 
folded:— a,  main  canal;  b,  glandular  lo- 
bules ;  c,  isolated  gland-granules  seated  on 
the  main  canal. 

Fio.  74.  —  Section  of  Human  Thymus, 
showing  the  large  cavity  in  the  wide  por- 
tion, and  numerous  orifices  leading  to  its 
lobular  cavities. 

75,  a),  which  sends  prolongations  (b)  into  its  substance,  that  divide  it 
Into  1  acini'  or  gland-granules.  Isolated  gland-granules  of  the  same 
.<ind  are  frequently  to  be  met- with  on  the  main  canal  (Fig.  73,  c).  The 
parenchyma  of  each  lobule  is  made-up  of  a  greyish-white,  soft,  easily- 
lacerable  substance,  which,  when  examined  microscopically,  is  found  to 
consist  of  free  nuclei  and  small  cells;  and  it  is  traversed  by  a  minutely- 
distributed  capillary  plexus ;  thus  resembling,  in  every  respect,  save 
the  presence  of  a  central  cavity,  that  of  the  Peyerian  bodies  (§  144).* 
Cells  and  nuclei  resembling  those  of  the  parenchyma  are  also  found  in 
the  cavity  of  the  lobule  ;f  from  which,  indeed,  the  parenchyma  is  not 
separated  by  any  distinct  limitary  membrane.  The  chemical  constituents 
of  the  Thymus  are  water,  albumen,  gelatine,  sugar,  fats,  leucine,  and  sar- 
j'.kme,  with  xanthic,  formic,  acetic,  succinic,  and  lactic  acids,  and  the  ordi- 
nary inorganic  salts.J    The  expressed  juice  of  the  Thymus  (Fig.  76)  in 

*  See  Prof.  Kolliker's  "  Mikroskop.  Anat.,"  §  208,  from  which  the  above  account 
is  chiefly  derived;  also  Mr.  Simon's  "Physiological  Essay  on  the  Thymus  Gland;" 
and  Peremeschko,  "Zeits.  f.  wiss.  Zool.,"  Bd.  xxviii.  p.  147. 

t  See  Mr.  Gulliver's  Lecture  iv.,  "Med. Times  and  Gaz.,"  1863,  vol.  ii.  p.  503. 
I    Z  See  Friedleben,  in  the  "  Journal  de  la  Physiologie,"  1859,  p.  137  ;  and  v.  Gorup- 
Besanez,  "Phys.  Chemie,"  1862,  p.  666. 
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young  and  healthy  animals  possesses  a  creamy  consistence  and  opacity 
due  to  the  great  abundance  of  corpuscles  or  free  nuclei,  identical  in  size 


Fig.  75. 


Fig.  76. 


•voce  m' 


Fig.  76. — Transverse  section  through  an 
injected  lobule  of*  the  Thymut  in  a  child  :  — 
a,  membranous  investment  of  the  lobule; 
4,  membrane  of  the  gland-granules;  c,  ca- 
vity of  the  lobule,  from  which  the  larger 
vessels  branch-out. 

Fig.  76.  —  Thymus -juice  rich  in  cor- 
puscles, with  a  few  secondary  molecules, 
and  the  structureless  minutely-granular 
base. 


shape,  and  chemical  characters  with  the  corpuscles  of  the  fluid  of  the 
lymphatic  and  mesenteric  glands.    The  Vascular  supply  of  this  organ, 
during  the  period  of  its  functional  activity,  is  extremely  abundant.  The 
arterial  trunks  penetrate  to  its  central  cavity,  and  form  a  close  reticula- 
tion in  the  delicate  pellicle  of  connective  tissue  with  which  it  is  lined ; 
from  the  several  points  at  which  the  lobular  cavities  open,  numerous  vessels 
arise  from  this  plexus  (Fig  75.),  passing  along  their  internal  surface ;  and 
from  these  is  derived  the  capillary  plexus  which  traverses  the  substance 
of  each  gland-granule,  but  which  does  not  pass  as  far  as  its  external 
surface,  returning  by  loops  before  it  reaches  its  fibrous  envelope.  The 
nerves  are  not  very  numerous,  but  were  observed  by  Peremeschko 
partly  to  accompany  the  arteries,  and  in  part  to  enter  separately.  Mr. 
Simon  considers  that  they  are  mainly  derived  from  the  plexus  which 
surrounds  the  first  part  of  the  subclavian  artery,  and  which  has  its  chief 
origin  from  the  inferior  and  middle  cervical  ganglia.     The  Lym- 
phatics of  the  Thymus,  which  are  really  to  be  regarded  as  the  ducts  of 
the  organ,  are  large,  and  communicate  directly  with  the  Vena  Cava; 
but  their  immediate  connection  with  the  cavity  of  the  Thymus  body, 
though  highly  probable,  has  not  been  demonstrated. — It  has  been  com- 
monly stated,  that  the  Thymus  attains  its  greatest  development,  in 
relation  to  the  rest  of  the  body,  during  the  latter  part  of  foetal  life ;  and  it 
has  been  considered  as  an  organ  peculiarly  connected  with  the  embryonic  J 
condition.  But  this  is  a  mistake ;  for  the  greatest  activity  in  the  growth  of 
this  organ  manifests  itself,  in  the  Human  infant,  soon  after  birth ;  and 
it  is  then,  too,  that  its  functional  energy  seems  the  highest.     This  rapid 
state  of  growth,  however,  soon  subsides  into  one  of  less  activity,  which 
merely  serves  to  keep-up  its  proportion  to  the  rest  of  the  body ;  but  its 
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Fig.  77. 


icrease  is  continuous  till  the  age  of  puberty  is  attained  (Friedleben). 
rom  that  time,  during  a  variable  number  of  years  it  remains  stationary 
i  point  of  size  ;  but,  if  the  in- 
p.vidual  be  adequately  nou- 
L  shed,  it  gradually  assumes  the 
laiaracter  of  a  mass  of  fat,  by 
Le  development  of  the  cor- 
L-iscles  of  its  interior  into  fat- 
Ldis,  which  secrete  adipose 
[latter  for  the  blood.  This 
luange  in  its  function  is  most 
pmarkable  in  hybernating 
Lammals;  in  which  the  de- 
|>:lopment  of  the  organ  con- 
luues,  even  in  an  increasing 
ktio,  until  the  animal  reaches 
Imlt  age,  when  it  includes  a 
ilirge  quantity  of  fatty  matter. 
Kae  same  is  the  case,  generally 
i  eaking,  among  Reptiles. 

Ml  157.  The  Thyroid  body  dif-      Group  of  gland-vesicles  from  the  Thyroid  Gland 
Hs*S  from  the    Other   Vascular  of  a  child  : — a,  connective  tissue ;  b,  membrane  of  the 
f       ,    .  i  vesicles ;  c,  epithelial  cells. 

tti  ands  m  its  elementary  struc- 

Wtre;   for  it  essentially  consists  of  an  aggregation  of  closed  vesicles 
■i'ig.  77,  b,  6),  which  seem  to  be  furnished  with  a  true  limitary 
Membrane,  and  therefore  to  be  real  gland- vesicles,   imbedded  in  a 
Lf  .'oma  (a,  a)   of  connective  tissue,  and  not  communicating  with 
my  common  reservoir.    These  bodies  vary  in  diameter,  in  the  Human 
fcl'Dject,  from  l-2000th  to  l-85th  of  an  inch ;  and  they  contain  an  albu- 
|*.noid  plasma,*  which  is  either  faintly  granular  or  of  a  somewhat  oily 
lioect,  amidst  which  are  seen  a  number  of  corpuscles,  the  greater  part 
\f  them  in  the  condition  of  nuclei,  whilst  some  have  advanced  to  that  of 
I-  Is.    These  corpuscles,  however,  seem  rather  to  occupy  the  position  of 
1 1  epithelium  (c,  c)  within  the  vesicles,  than  to  float  freely  in  their 
liatained  fluid. — The  vascular  supply  of  the  Thyroid  body  is  extremely 
H  undant;  and,  as  in  the  preceding  instances,  the  subdivisions  of  its 
fel  series  form  a  very  minute  capillary  plexus  upon  the  membrane  of  the 
B  ncles.    The  Lymphatics,  though  abundant,  have  not  been  traced  far 
-I  o  its  substance. — The  nerves  are  scanty,  accompany  the  vessels,  and 
I J  derived  from  the  cervical  parts  of  the  sympathetic. — The  develop- 
fclsnt  of  the  Thyroid  body  has  been  shown  by  Mr.  Gray  (loc.  cit.)  and 
1  \  Callender,f  to  be  closely  accordant  with  that  of  the  '  ductless 
I  .nds'  already  described.     This  body  originates  in  two  masses  of 
fcliistema,  joined  by  a  central  portion  or  isthmus,  and  in  an  outlying 
■■:ce  or  pyramid  of  very  variable  form.    The  lateral  lobes  are  situated 
H  each  side  of  the  root  of  the  neck,  close  to  the  separation  of  the 

I  otid  and  subclavian  vessels,  and  between  the  trachea  and  the  branchial 

I I  That  the  fluid  does  not  contain  true  Albumen  in  solution,  but  some  albuminous 
■(H  ipounds,  is  indicated  by  th<-  results  of  Dr.  I'm -ale's  analysis  ("  Cyclop,  ol'  A  mil.  and 

|  fBiol.>"  vol.  iv.  p.  1106). 

"Proceed,  of  the  Royal  Soc,"  vol.  xvi.  18G7,  p.  25. 
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clefts,  but  quite  independent,  as  far  as  regards  their  development,  of 
either  of  those  parts ;  their  minute  structure  at  an  early  period  closely 
'  corresponds  with  that  of  the  spleen  and  supra-renal  glands.  This  body, 
like  the  Supra-renal  and  Thymus,  is  of  larger  relative  magnitude  during 
intra-uterine  existence  and  infancy,  than  in  after  life.  According  to 
Ecker*  and  Peremeschko,j"  the  Pituitary  body  has  the  same  essential 
structure  as  the  vascular  glands  in  general ;  presenting  vesicles  containing 
a  finely-granular  blastema  with  nuclear  particles,  imbedded  in  a 
fibrous  stroma.  A  minute  gland-like  body,  first  described  by  Luschka, \ 
and  termed  by  him  the  Coccygeal  gland,  is  situated  near  the  anterior 
part  of  the  apex  of  the  coccyx.  It  consists  of  a  basis  of  connective 
tissue,  in  which  are  imbedded  irregularly  branched  tubes,  that  here 
and  there  dilate  into  vesicles.  The  nerves  proceed  from  the  coccygeal 
ganglion.  By  Luschka  and  others  the  pituitary  and  coccygeal  bodies 
have  been  regarded  as  the  remains  of  the  opposite  extremities  either  of 
the  chorda  dorsalis  or  of  the  primary  intestinal  tube. 

158.  That  the  Ductless  or  Vascular  Glands,  of  whose  peculiar  struc- 
ture and  relations  we  have  thus  taken  a  general  survey,  have  some 
office  of  importance  to  perform  in  the  preparation  and  maintenance  of 
the  blood,  cannot  any  longer  be  reasonably  questioned ;  and  the  deter- 
mination of  this  point  may  be  fairly  regarded  as  a  considerable  step  in 
the  investigation.    It  is  obvious,  from  the  very  copious  supply  of  blood 
which  they  receive  during  the  period  of  their  functional  vigour,  and 
from  the  manner  in  which  this  is  distributed  by  minute  capillary 
plexuses,  on  the  exterior,  and  even  through  the  interior,  of  the  glandular 
vesicles,  that  it  must  be  subservient  to  some  process  of  active  change ;  I 
and  the  aspect  of  the  contents  of  these  vesicles,  as  well  as  of  the  sub-  j 
stance  in  which  they  are  imbedded,  indicates  that  cell-growth  is  rapidly  I 
proceeding,  at  the  expense  of  the  materials  thus  afforded.    But,  on  the  I 
other  hand,  that  the  products  of  this  cell-growth  are  not  substances,  I 
which,  Hke  those  of  the  ordinary  glands,  must  be  separated  from  the  I 
blood,  either  for  its  purification,  or  to  serve  some  special  purpose  in  the  I 
economy,  appears  from  the  fact  that  they  are  not  carried-off  by  ducts ;  j 
but  are  received  again  into  the  current  of  the  circulation    With  thej 
exception  of  the  Spleen,  all  the  ductless  glands  thus  discharge  their 
products  at  once  into  the  general  venous  circulation ;  so  that,  after 
having  passed  through  the  lungs,  they  will  be  carried  by  the  systemic 
arteries  through  the  system  at  large :  but  the  splenic  vein,  it  will ' 
remembered,  forms  one  of  the  roots  of  the  portal  trunk;  and  flsjil 
blood  must  pass  through  the  liver,  before  it  enters  the  vena  cava. 

159.  Whatever  materials,  then,  are  withdrawn  from  the  blood  bjj  S 
these  organs,  are  returned  to  it  again  in  an  altered  state ;  and  it  may!  j 
fairly  be  inferred  from  this  circumstance,  that  the  change  which  thew  j 
have  undergone  is  one  that  prepares  them  for  higher  uses  in  the  economy! I 
For  as  the  blood  which  has  received  them  is  immediately  transmitted  til 
the  system  (except  in  the  case  of  the  splenic  blood),  without  having! 
passed  through  any  other  depurating  organ  than  the  lungs,  it  appearF 
fair  to  conclude  that  the  products  which  it  has  taken-up  in  these  organ! 
are  either  combustive  or  nutritive — i.e.,  either  serve  to  maintain  th  ( 

*  Art.  '  Blutgefassdriisen'  in  Wagner's  "  Handworterbuch,"  Bd.  iv. 
t  Loc.  cit.  t  Virchow's  "  Archiv,"  Bd.  xviii.  p.  106. 
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imctional  activity  of  the  lungs,  or  of  the  system,  or  of  the  blood  itself, 
(ow  that  they  are  not  destined  to  prepare  a  pabulum  for  respiration, 
ppears  from  the  very  small  quantity  of  fat  which  is  found  in  their 
ubstance,  except  when  their  period  of  functional  activity  has  gone  by. 
)n  the  other  hand,  the  albuminous  nature  of  the  plasma,  and  the  finely- 
canular  appearance  which  it  presents,  strongly  indicate  that  a  material 
s  here  in  progress  of  preparation,  which  is  to  be  rendered  subservient 
o  the  formative  operations.    Various  facts  which  have  been  noticed  in 
egard  to  the  changes  in  the  bulk  of  the  Thymus  in  young  animals 
and  particularly  its  rapid  diminution  in  over-driven  lambs,  and  its  sub- 
equent  gradual  re-distension  during  rest,  if  plentiful  nutriment  be 
fforded),  lead  to  the  conclusion  that  such  is  almost  undoubtedly  the 
auction  of  that  body.    And  such  would  also  seem  to  be  the  justifiable 
aference  from  the  researches  of  Mr.  Gray  on  the  Spleen :  for  the  cor- 
espondence  in  the  amoimt  of  the  colourless  parenchyma  of  that  organ 
incl  especially  of  its  Malpighian  corpuscles)  with  the  general  state  of 
utrition  of  the  animal,  its  regular  increase  (in  well-fed  animals)  near 
le  completion  of  the  digestive  process,  and  its  gradual  diminution  in 
he  subsequent  interval,  seem  to  indicate  that  the  Spleen,  like  the 
thymus  of  the  young  animal,  is  a  storehouse  of  nutritive  material, 
diich  may  be  drawn-upon  according  to  the  requirements  of  the  system, 
ist  as  the  fat  of  the  body  is  a  storehouse  of  combustive  substance, 
aid  of  the  exertion  of  an  elaborating  or  assimilative  action  upon  this 
Ibuminous  matter,  during  its  withdrawal  from  the  current  of  the  circu- 
ition  in  these  organs,  we  seem  to  have  direct  evidence,  as  regards  the 
pleen,  in  the  large  increase  of  the  proportion  of  fibrin  contained  in 
le  blood  drawn  from  its  veins.    It  was  formerly  supposed  that  the 
pleen  acted  as  a  kind  of  reservoir  or  diverticulum  for  the  portal  circu- 
ition,  the  vessels  of  which  were  thus  relieved  from  undue  turgescence, 
hen  the  alimentary  canal  was  distended  with  food,  and  rapid  absorp- 
on  was  taking  place.    Others  again  were  of  opinion  that  a  process  of 
isintegration  took  place  in  the  blood-corpuscles  which  are  found  so 
bundantly  in  the  splenic  pulp,  but  the  grounds  on  which  both  these 
iews  were  supported  are  scarcely  tenable  in  the  present  state  of  our 
aowledge.* 

160.  The  results  then  of  all  the  recent  investigations  on  these  organs 
:nd  to  prove  that,  equally  with  the  Absorbent  glands,  they  supply  the 
arms  of  those  cells  which  are  ultimately  to  become  blood-corpuscles, 
'ich,  it  is  well  known,  was  the  doctrine  of  Hewsonf  in  regard  to  the 
pleen  and  Thymus  gland ;  and  there  are  many  facts  which  lend  it  a 
Jnsiderable  probability.  In  the  first  place,  we  have  seen  (§  151,  n.) 
lat  there  is  no  difficulty  whatever  in  the  admission  of  such  corpuscles 
ito  the  smaller  veins  of  the  Spleen,  if  Mr.  Gray's  account  of  its  lacunar 
rculation,  which  appears  to  be  fully  confirmed  by  the  more  recent  in- 
2stigations  of  Billroth, J  be  correct ;  and  that  there  is  no  physical  im- 
>ssibility  in  the  reception  of  particles  of  such  a  size  into  the  interior  of 
fen  a  closed  system  of  capillaries,  is  proved  by  the  very  curious  facts 
ready  noticed  in  regard  to  the  passage  of  starch-grains  into  the 

*  See  "Cycl.  of  Anat.  and  Physiology,"  vol.  iv.  p.  796. 
t  See  his  Third  Series  of  "  Experimental  Inquiries,"  chaps,  iii.-v. 
t  Mttller's  "  Archiv,"  1857,  p.  88,  and  Virchow's  "  Archiv,"Bd.  xx.  p.  410. 
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mesenteric  veins  (§  ]  36).  Secondly,  there  is  an  unusual  proportion  of 
colourless  corpuscles  in  the  blood  of  the  splenic  vein.*  Thirdly,  the 
period  of  greatest  functional  activity  of  these  glands  generally,  is  during 
the  state  of  early  childhood,  when  the  formative  processes  are  going-on 
with  extraordinary  activity ;  and  there  is  at  this  time  a  larger  propor- 
tion of  colourless  corpuscles  in  the  blood,  than  at  any  subsequent  period, 
at  least  in  the  healthy  state.  Further,  as  Prof.  J.  H.  Bennett  has 
pointed-out,  that  peculiar  condition  of  the  blood,  which  consists  in  the 
multiplication  of  its  colourless  corpuscles,  is  almost  always  associated 
with  hypertrophy  of  one  of  these  bodies ;  and  in  one  case  of  this  kind, 
in  which  the  Thyroid  was  the  organ  affected,  its  cells  and  their  in- 
cluded nuclei  were  observed  to  be  considerably  smaller  than  usual,  and 
the  same  peculiarity  presented  itself  in  the  colourless  corpuscles  of  the 
blood.j-  Hence  there  seems  a  strong  probability,  that  whilst  the  plasma 
of  the  blood  is  being  elaborated  by  these  bodies,  a  constant  supply  of 
new  blood-corpuscles  is  also  afforded  by  them  ;|  and  that  they  thus 
effect  for  the  nutrient  materials  directly  absorbed  into  the  Sanguiferous 
system,  that  which  the  glandulas  in  connection  with  the  Absorbent 
system  accomplish  for  the  substances  which  it  has  taken  up. 


CHAPTER  VII. 

OF  THE  BLOOD  ;    ITS  PHYSICAL  CHARACTERS,  ITS  CHEMICAL 
COMPOSITION,  AND  ITS  VITAL  PROPERTIES. 

1.  General  Considerations: — Quantity  of  Blood. 

161.  From  the  materials  supplied  in  the  Food,  there  is  prepared,  by 
the  Digestive  and  Assimilative  processes  described  in  the  preceding 
Chapters,  that  general  nutritive  liquid,  the  Blood,  which,  in  the  organism 
of  Man  (as  in  that  of  all  the  higher  Animals)  is  constantly  circulating 
through  its  vessels  during  the  whole  of  life.  From  this  liquid,  each  por- 
tion of  the  solid  tissues  has  the  power  of  extracting,  and  of  appropriating 
to  its  own  use,  the  particular  components  of  its  substance ;  these  either 
pre-existing  as  such  in  the  blood,  or  being  capable  of  being  readily  formed 
from  it  by  a  process  of  chemical  transformation.  During  its  circulation, 
moreover,  the  blood  draws  into  its  current  the  effete  particles  which  are 
set-free  by  the  disintegration  of  the  tissues  (probably  at  the  very  time  when 
it  gives-forth  the  components  of  the  newly-forming  structures),  and 
conveys  them  to  the  various  organs  which  are  provided  for  their  elimi- 

*  See  Funke  in  Henle's  "  Zeitschrift,"  1851,  p.  172 ;  and  Gray,  op.  cit.,  p.  148. 

T  This  fact  is  the  more  weighty,  as,  in  another  case  observed  by  Prof.  Bennett,  the 
colourless  corpuscles  of  the  blood  were  of  two  distinct  sizes,  the  smaller  corresponding 
with  the  nuclei  of  the  larger  ones ;  and  the  lymphatic  glands  were  found  to  be  crowded 
with  corpuscles  also  of  two  distinct  sizes,  exactly  corresponding  with  those  of  the  blood. 
(See  "Edinb.  Monthly  Journal,"  October,  1851.) 

t  This  view  has  been  ably  supported  by  Prof.  J.  H.  Bennett,  in  "  Edinb.  Monthly 
Journ.,"  March,  1852;  and  in  his  Treatise  on  "  Leucocythajmia." 
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fcion.  Hence  the  Blood  not  only  contains  the  materials  for  the  renova- 
;ion  of  the  tissues,  but  also  the  products  of  their  decay :  but  there  is  an 
oiportant  difference  in  the  proportion  of  these  two  sets  of  components ; 
or  whilst  the  former  make-up  the  principal  part  of  the  mass  of  the  fluid, 
he  latter  are  only  detectable  in  it  with  difficulty,  so  long  as  the  excretory 
rgans  maintain  their  normal  activity ;  and  only  make  their  presence 
/ovious,  when  they  accumulate  unduly,  in  consequence  of  the  retardation 
>r  suspension  of  the  eliminating  operations. — But  besides  thus  meeting 
lie  demand  occasioned  by  the  constructive  operations,  and  preventing  the 
esults  of  the  destructive  from  exerting  an  injurious  influence  on  the 
ysteni,  the  Blood  acts  (so  to  speak)  as  the  carrier  of  Oxygen  introduced 
rom  the  atmosphere,  to  the  Muscular  and  Nervous  tissues,  to  whose 
■eculiar  vital  activity  its  presence  appears  to  be  an  essential  condition, 
he  same  element  being  also  required  in  various  other  metamorphoses 
diich  form  part  both  of  the  constructive  and  of  the  destructive  opera- 
ions:  whilst  conversely  it  imbibes  the  Carbonic  acid,  which  is  one  of  the 
hief  products  of  the  action  of  oxygen  upon  the  tissues  and  fluids  of  the 
ody,  and  conveys  this  to  the  lungs  and  skin  for  elimination.  This  pro- 
uct  is  continually  being  formed  in  such  large  amount,  that  its  presence 
1  the  blood  can  always  be  readily  demonstrated ;  and  if  its  elimination 
e  checked  for  even  a  few  minutes,  it  accumulates  to  such  an  extent  as 
)  occasion  the  immediate  destruction  of  life. — But  in  addition  to  the 
[istogenetic  materials  and  Oxygen,  on  the  one  hand,  and  the  various 
roducts  of  the  disintegration  of  the  tissues  on  the  other,  the  blood 
mtains  those  non-azotized  substances,  which  are  received  into  it  for  the 
urpose  of  supplying  the  pabulum  of  the  Combustive  process ;  and  the 
nion  of  their  carbon  with  oxygen  introduced  from  the  atmosphere 
hich  is  continually  going-on,  becomes  an  additional  source  of  the  pro- 
motion of  carbonic  acid,  and  of  its  injurious  accumulation  if  its  elimina- 
•  on  be  checked. 

162.  From  this  variety  in  the  operations  to  which  the  Blood  is  sub- 
'rvient,  it  naturally  follows  that  the  changes  which  it  undergoes  in 
'fferent  parts  of  its  circulation  are  of  a  very  diversified  nature,  and  that 
e  composition  of  the  fluid  in  the  several  parts  of  its  course  will  be  far 
om  uniform.    Between  the  blood  which  is  being  distributed  by  the 
stemic  Arteries  to  the  body  at  large,  and  that  which  is  being  collected 
om  it  again  by  the  systemic  Veins,  after  having  percolated  the  tissues, 
ere  is  not  only  an  obvious  difference  in  hue,  which  indicates  an  impor- 
|  nt  change,  but  there  is  also  a  considerable  difference  in  composition, 
hich  is  revealed  by  chemical  analysis  :  and  a  difference  of  a  converse 
I  tture  presents  itself,  between  the  blood  that  is  on  its  way  to  be  distri- 
|  ited  to  the  Lungs,  and  that  which  is  returning  from  them.    So,  again, 
I  though  there  is  no  obvious  dissimilarity  in  physical  characters  between 
I  e  blood  which  is  transmitted  to  the  Liver  by  the  vena  porta?,  and  that 
I  nch  is  carried-off  from  it  by  the  hepatic  vein,  yet  chemical  analysis 
I  veals  a  very  remarkable  difference  in  their  composition,  and  shows  that 
I  e  blood  of  the  ascending  vena  cava  (above  the  entrance  of  the  hepatic 
I  m),  that  of  the  right  cavities  of  the  heart,  and  that  of  the  pulmonary 
I'tery,  differs  from  all  other  blood  in  the  body,  in  constantly  containing 
I  appreciable  quantity  of  a  peculiar  substance  readily  convertible  into 
I  ?ar,  which  is  formed  in  its  passage  through  the  Liver.   Jn  like  manner 
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the  researches  of  M.  Picard  have  shown  that  the  blood  of  the  renal  vein ; 
contains  a  smaller  proportion  of  the  chief  component  of  the  urinary  secre- 
tion, urea,*  than  that  of  the  renal  artery ;  and  in  many  other  cases  of 
blood  returning  from  particular  organs  we  know  that  important  diffe- 
rences must  exist,  although  they  have  not  yet  been  detected  by  chemical 
analysis. — In  the  account  to  be  presently  given  of  the  Blood,  those  most 
general  characters  and  properties  will  be  first  described,  which  it  presents 
in  all  parts  of  its  circulation  ;  the  principal  differences  which  have  been 
substantiated  in  the  composition  of  the  blood  in  the  several  portions  of 
its  circuit,  will  then  be  noticed;  and,  lastly,  a  summary  will  be  given 
of  the  most  important  of  those  pathological  alterations  which  it  exhibits 
in  disease. 

163.  The  quantity  of  Blood  contained  in  the  Human  body  is  probably, 
for  a  man  of  average  height,  from  12  to  15  lbs. ;  but  its  precise  deter- 
mination is  more  difficult  than  might  at  first  be  supposed,  and  the 
estimates  which  have  been  made  of  it  have  been  most  strangely  dis- 
crepant.   The  entire  amount  which  flows  from  a  large  arterial  trunk 
freely  opened,  can  by  no  means  be  taken  as  a  measure ;  since,  however 
readily  it  may  be  permitted  to  escape,  a  considerable  quantity  still 
remains  within  the  blood-vessels,  especially  if  the  heart's  action  fail 
before  the  loss  of  blood  has  proceeded  very  far,  so  that  it  is  not  drawn 
from  the  venous  system.    A  closer  approximation  may  be  made  by 
opening  several  vessels  at  once,  which  was  the  method  adopted  by 
Herbst      who  estimated  the  proportion  of  the  weight  of  the  blood  to 
that  of  the  entire  body  to  be  as  1  :  12  in  the  Ox,  as  1  :  16  in  the  Dog 
as  1  :  18  in  the  Horse,  as  1  :  20  in  the*  Goat,  Calf,  Lamb,  and  Hare,  as 
1  :  22  in  the  Sheep  and  Cat,  and  as  1 :  24  in  the  Rabbit.    With  these 
estimates  the  conclusions  drawn  by  Vanner,  from  observatious  made  in 
the  abattoirs  of  Paris,  pretty  closely  correspond ;  for  he  was  led  by  them 
to  the  belief,  that  for  horned  cattle  in  general,  the  proportion  does  not 
vary  far  from  1  :  20.  J    It  is  obvious,  however,  that  no  such  method  can 
give  more  than  a  minimum ;  since,  even  after  the  most  complete  exsan- 
guination  that  the  freest  opening  of  the  vessels  can  permit,  a  considerable 
qiiantity  of  blood  is  still  retained  in  them,  and  especially  in  those  of  the 
head.    Various  other  methods  have  been  suggested,  none  of  which,  how- 
ever, can  be  considered  as  yielding  more  than  approximations  to  the 
truth.    That  of  Vierordt§  consists  in  multiplying  the  quantity  of  blood 
which  is  expelled  from  the  left  ventricle  at  each  pulsation  of  the  heart  by 
the  number  of  beats  which  occur  whilst  the  blood  performs  one  entire 
circuit  of  the  body.    He  estimates  the  former  (highly)  at  6*3  oz.  a  v., 
and  the  latter  at  277  beats  ;  consequently  the  total  quantity  of  blood  is 
about  12  lbs.  av.,  or  between  one-twelfth  and  one-thirteenth  of  the  weight 
of  the  body.    Welcker's  method,  termed  also  the  "  chromatic"  or 
"  colour"  method,  gives  nearly  the  same  result  for  the  Dog.  It  consists  in 
first  roughly  estimating  the  quantity  of  blood  in  the  animal  by  rapidly 
bleeding  it  to  death.    The  portion  that  still  remains  in  the  small  vessels 
is  then  removed  by  the  injection  of  pure  water,  and  the  whole  body  of 

*  C.  Bernard,  "  Lecons,'/  1859,  vol.  ii  p  31  ;  Picard,  "These  surl'Uree,"  1856. 
t  "  Do  Sanguinis  quantitate,  qualis  homini  adulto  et  sano  convcnit."  Groetting»i 

t  "  Comptes  Rendus,"  torn:  xxviii.  p.  619.  §  "  Physiologie,"  1864,  p.  138. 
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the  animal  is  finely  minced  and  infused.  These  liquids  are  mingled, 
and  on  comparing  their  tint  with  a  series  of  previously  prepared  "  colour 
tests,"  the  proportion  of  blood  in  which  is  accurately  known,  a  practised 
eye  may  discern  variations  in  the  colour  when  the  difference  in  the  quan- 
tity of  blood  does  not  exceed  4  per  cent.  An  interesting  collection  of 
cases  has  been  brought  together  by  Haller*  of  the  amount  of  blood  lost  by 
haemorrhage:  and  two  remarkable  instances  are  cited  by  Burdach,| 
from  Wrisberg,  who  states  that  a  female  who  died  from  violent  metror- 
rhagia had  lost  26  lbs.  of  blood,  and  that  24  lbs.  were  collected  from  the 
body  of  a  plethoric  female  who  had  suffered  death  by  decapitation.  In 
the  first  of  these  cases,  it  is  probable  that,  as  death  could  not  have  been 
immediate,  some  increase  took  place  from  the  absorption  of  the  fluids  of 
the  body ;  in  the  second,  however,  the  suddenness  of  the  discharge  of 
blood,  and  its  concurrence  with  the  destruction  of  life,  must  have  pre- 
vented any  considerable  augmentation  from  this  source ;  and  if  any 
such  increase  did  take  place,  it  probably  did  not  exceed  the  amount  of 
blood  remaining  undischarged  in  the  vessels.  An  important  observation 
has  been  made  by  Bernard,^  that  the  quantity  of  blood  which  can  be 
obtained  from  a  fasting  animal  is  scarcely  more  than  one-half  of  that 
contained  in  its  vessels  shortly  after  a  full  meal :  a  point  to  which 
no  other  observer  appears  to  have  paid  attention,  but  which  may 
account  for  some  of  the  discrepancies  observable  in  the  different 
estimates.§ 

2.  Physical,  Chemical,  and  Structural  Characters  of  the  Blood. 

164.  The  Blood  as  it  flows-forth  from  an  opening  in  a  large  vessel,  is 
an  apparently  homogeneous  liquid,  possessing  a  slight  degree  of  viscidity, 
with  a  consistence  and  density  somewhat  greater  than  that  of  water,  but 
especially  distinguished  by  its  colour,  which  is  usually  of  a  bright  scarlet 
when  it  is  drawn  from  an  artery,  and  of  a  dark  purple,  sometimes  almost 
approaching  to  black,  when  it  is  drawn  from  a  vein.  This  difference  of 
colour,  however,  is  by  no  means  constant ;  for  arterial  blood  may  some- 
times be  unusually  dark,  whilst  venous  blood  is  occasionally  so  florid 
that  it  might  almost  be  taken  for  arterial.  The  former  condition  is  ob- 
servable, when  from  any  cause  the  respiratory  process  is  imperfectly 
effected,  as  in  the  foetus,  and  it  may  be  especially  noticed  during  opera- 
tions performed  under  the  influence  of  anaesthetic  agents ;  it  has  also 
been  remarked  by  Dr.  John  Davy,  as  usually  characterizing  the  arterial 

*  "Elementa  Physiologise,"  vol.  ii.  pp.  3  and  4. 

t  "Traits  de  Physiologie,"  traduit  par  Jourdain,  torn.  vi.  p.  119. 

X  "Lemons,"  1859,  t.  i.  p.  419. 

§  Valentin's  method  is  founded  on  the  diminution  in  the  specific  gravity  of  the 
blood  after  the  injection  of  a  known  weight  of  water  into  the  vessels,  and  gave  for  dogs 
the  proportion  of  the  weight  of  blood  to  that  of  body  generally  as  1  :  44  ("  Kepert.  f. 
Anat.  und  Phys.,"  Bd.  iii.  p.  281).  Blake's  method  consisted  in  the  injection  of  a 
definite  quantity  of  some  saline  compound,  as  sulpbate  of  alumina,  and  its  subse- 
quent quantitative  determination,  in  a  portion  of  blood  drawn  from  another  part  of  the 
system.  This  means  of  estimation  gives  the  proportion  of  blood  to  that  of  the  body 
as  1 :  8  or  as  1 :  9  (see  Prof.  Dunglison's  "  Physiol.,"  7th  edit.  vol.  ii.  p.  102),  and  is 
in  accordance  with  the'results  obtained  by  Lehmann  and  Weber  in  their  examinations 
of  the  quantity  of  blood  discharged  from  two  decapitated  criminals  (Lehmann, 
'Lebrbuch,"  2nd  edit.  Bd.  ii.  p.  234). 
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blood  of  the  inhabitants  of  hot  climates,*  and  it  occurs  in  blood  that  has 
been  allowed  to  stagnate  either  in  arteries  or  veins ;  but  in  any  of  these 
cases,  the  ordinary  arterial  hue  is  acquired  by  the  blood,  when  it  has 
been  sufficiently  exposed  to  the  air.    The  florid  hue  is  presented  by  the 
venous  blood  of  animals  which  are  made  to  respire  pure  oxygen  ;  but  it 
seems  normal  with  some  individuals  whose  respiration  is  peculiarly  active. 
It  is  well  marked  in  the  blood  returning  from  an  actively  secreting  gland, 
and  from  a  quiescent  muscle. f  When  ordinary  venous  blood  is  examined 
in  thin  layers,  it  presents  a  deep  red  or  purple  tint  by  reflected  light,  but 
by  transmitted  light  it  assumes  a  greenish  hue,  thus  presenting  the 
phenomena  of  Dichroism ;  a  peculiarity  which  is  not  possessed  by  arterial 
blood  (Briicke)  :  but  when  the  gases  of  the  blood  are  wholly  removed 
by  exhaustion,  both  arterial  and  venous  blood  assume  a  deep  black 
colour. | — The  specific  gravity  of  the  Blood  is  stated  by  Nasse§  to  vary 
(within  the  limits  of  health)  between  1050  and  1059  ;  the  average  being 
taken  at  1055.    The  spec.  gr.  of  the  Corpuscles  is  about  1088,  and  that 
of  the  fluid  in  which  they  float  about  1028.    The  chemical  reaction  of 
the  blood  is  invariably  alkaline,  and  very  important  purposes  are  served 
by  this  alkalinity. — The  temperature  of  the  Blood,  usually  considered  to 
be  about  100°  F.,  has  been  found  by  Bernard,!  in  an  extensive  series  of 
observations  made  with  extremely  sensitive  thermometers,  to  vary  several 
degrees  in  different  parts  of  the  body.    The  blood  which  has  the  lowest 
temperature  under  ordinary  circumstances  is  that  which  has  circulated 
through  the  cutaneous  capillaries,  where  it  has  been  exposed  to  the  cool- 
ing influences  of  evaporation  and  radiation  ;  though  Bernard  ascertained 
that  on  carefully  enveloping  the  head  or  limbs  of  an  animal  in  cotton 
wool,  the  temperature  of  the  arterial  and  venous  blood  in  the  large 
vessels  soon  became  equalized.    The  blood  of  the  left  ventricle  again  is, 
for  similar  reasons,  generally^"  of  a  lower  temperature  than  that  of  the 
right.    The  highest  temperature  is  attained  in  passing  through  the 
glands,  muscles,  and  nerves  ;  for  in  all  such  parts,  especially  during  the 
active  performance  of  their  functions,  energetic  processes  of  oxydation 
are  being  carried  on.    Hence  the  blood  of  the  Vena  Portse,  which  has 
traversed  the  capillaries  of  the  intestines,  spleen,  &c,  is  warmer,  espe- 
cially during  digestion,  than  even  the  arterial  blood ;  and  the  blood 
which  possesses  the  highest  temperature  in  the  body,  and  which  is  fre- 
quently 2°  or  3°  F.  above  the  ordinary  venous  blood,  is  that  of  the 
Hepatic  Vein,  which  has  been  subjected  to  the  active  assimilative  opera- 
tion of  the  liver. — When  we  add  that  the  Blood  has  a  saltish  taste,  and 
a  faint  odour  resembling  that  of  the  pulmonary  and  cutaneous  exhala- 
tions of  the  animal  from  which  it  is  drawn,  we  have  enumerated  all  the 
characteristics  which  can  be  made  out  by  the  unassisted  senses. 

*  "Anatomical  and  Physiological  Researches,"  vol.  ii.  p.  140. — This  fact,  which 
harmonizes  with  the  inference  to  be  drawn  from  the  observed  results  of  a  high  ex- 
ternal temperature  in  reducing  the  excretion  of  carbonic  acid  (chap.  ix.  sect.  2),  is 
of  great  practical  importance. 

f  Bernard,  "Lecons,"  1859,  vol.i.  p.  324. 

t  Setschenow,  "  Sitzungsherichte  d.  Kais.  Akad.  d.  Wiss.,"  xxxvi.  1859. 
§  Wagner's  "  Handwbrterbuch  der  Phys.,"  Art.  'Blut,'  Bd.  i.  p.  82. 
||  "Lecons  sur  les  Liquides  de  l'Organisme,"  1859,  iii.,  iv.,  v.,  vi. 
If  See  the  variable  results  obtained  in  Colins'  experiments,  recorded  in  the  "  Ann. 
d.  Sci.  Nat.,"  Ser.  v.  t.  vii.  1867,  p.  83. 
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165.  When  the  Blood  is  examined  with  the  Microscope,  however, 
dth.er  immediately  upon  being  drawn,  or  whilst  it  is  yet  circulating  in 
he  vessels  of  the  living  body  (as  in  the  foot  of  the  Frog,  the  wing  of  the 
Jat,  or  any  other  membranous  expansion  of  similar  transparency),  it  is 
een  that  its  apparent  homogeneity  is  not  real,  but  that  it  consists  of 
wo  very  different  components.  These  are,  a  transparent  and  perfectly 
:olourless  liquid  which  is  known  as  the  Liquor  Sanguinis,  and  a  set  of 
Joipuscles  which  are  suspended  in  it :  the  great  mass  of  these  last  pre- 
ent  a  distinctly  red  hue,  and  it  is  to  their  presence  alone  that  the  colour 
if  the  blood  is  due ;  but  there  are  also  to  be  seen,  scattered  among  the 
ed,  a  few  which  are  colourless,  and  which  differ  from  the  red  in  some 
ither  particulars  presently  to  be  noticed. — On  the  other  hand,  when  the 
31ood  has  been  drawn  from  the  body,  and  is  allowed  to  remain  at  rest,  it 
mdergoes  at  ordinary  temperatures  spontaneous  coagulation,  in  the  course 
!  if  which  it  separates  into  a  red  Crassamentum,  and  a  nearly  colourless 
hrum.  The  1  crassamentum'  or  '  clot'  is  composed  of  a  network  of  Fibrin, 
nresenting  a  more  or  less  distinct  fibrous  texture ;  in  the  meshes  of 
vhich  the  Corpuscles,  both  red  and  colourless,  are  involved,  together 
vith  a  certain  amount  of  serous  fluid.  The  '  serum,'  which  is  the  same 
vrith  the  1  liquor  sanguinis'  deprived  of  its  fibrin,  coagulates  by  heat, 
md  is  therefore  known  to  contain  Albumen ;  and  if  it  be  exposed  to 
.  high  temperature  sufficient  to  decompose  the  animal  matter,  a  con- 
iderable  amount  of  earthy  and  alkaline  Salts  remains. — Thus  we  have 
our  principal  components  in  the  Blood ;  namely,  Fibrin,  Albumen, 
Corpuscles,  and  Saline  matter.  In  the  circulating  Hood,  they  are  thus 
ombined  : — 

Fibrin  ) 

Albumen  >  In  solution,  forming  Liquor  Sanguinis. 
Salts  ) 

Corpuscles, — suspended  in  Liquor  Sanguinis. 

But  in  coagulated  blood,  they  are  combined  as  follows  : — 

Fibrin  )  Forming  Crassamentum,  or  Clot,  which,  however, 
Corpuscles  )     always  contains  more  or  less  serum  in  its  meshes. 

Salte™611   j"  Remamm£  iQ  solution,  forming  Serum. 


Fb.e  change  from  the  one  condition  to  the  other  is  due  to  the  fibrillation 
f  the  fibrin ;  which  usually  takes  place  so  speedily,  as  to  involve  the 
Corpuscles  floating  in  the  '  liquor  sanguinis,'  before  they  have  time  to 
ubside ;  although,  under  various  conditions  hereafter  to  be  described, 
t  may  occur  in  such  a  manner  that  the  clot,  or  a  portion  of  it,  is  left 
olourless. 

166.  The  Bed  Corpuscles  of  the  Blood  (commonly,  but  erroneously, 
ermed  '  globules ')  are  minute,  nearly  transparent,  yellowish  bodies  of 
flattened  or  discoidal  form,  which,  in  Man,  as  in  most  of  the  Mam- 
jaJia,  have  a  distinctly-circular  outline  (Figs.  78,  80).  In  the  discs  of 
luman  blood,  when  this  is  examined  in  its  natural  condition,  the  sides 
re  somewhat  concave;  and  there  is  a  bright  spot  in  the  centre, 
mich  has  been  regarded  by  many  as  indicating  the  existence  of  a  nucleus ; 
hough  it  is  really  nothing  else  than  an  effect  of  refraction,  and  may  be 
xchangedfor  a  dark  one  by  slightly  altering  the  focus  of  the  Microscope 
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Fig.  78. 


pi 


(Fig.  78).  The  form  of  the  disc  is  very  much  altered  by  various  re- 
agents ;  for,  if  the  Red  Corpuscles  be  treated  with  water,  or  with  a 

solution  of  sugar,  albumen,  or  salt, 
which  is  of  less  density  than  the 
liquor  sanguinis,  they  first  become 
flat,  and  then  double-convex,  so  that 
the  central  spot  disappears  ;  and  by 
a  continuance  of  the  same  process, 
they  at  last  become  globular,  and  so 
attenuated  that  a  diffusion  of  their 
substance  seems  to  take  place  through 
the  surrounding  liquid.  If,  on  the 
other  hand,  they  are  treated  with  a 

Red  Corpuscles  of  Human  Blood;   repre-  fUJpk  eVrlln   m.  with  a   ttrnncr  nnln 

.  resented  at  a,  as  they  are  seen  when  rather  ™UCK  syruP  01   Wlt"  a  Strong  SOlU- 

beyoud  the  focus  of  the  microscope  ;  and  at  b,  tion  of  albumen  Or  of  Salt,  they  as- 
ag  they  appear  when  within  the  focus.  i_       i  .i 

J  ™  sume  a  shrunken  appearance ;  the 

first  effect  of  the  process  being  to  increase  the  concavity,  and  to  render 
the  central  spot  more  distinct.*  It  is  probable  that  the  Blood- 
corpuscles,  even 
whilst  they  are  cir- 
culating in  the  liv- 
ing vessels,  are  li- 
able to  alterations  of 
this  kind,  from  varia- 
tions in  the  density 
of  the  fluid  in  which 
they  float ;  and  that 
such  alterations  may 
be  constantly  con- 
nected with  certain 

ID 

disordered  states  of 
the  system.  |  Thus, 
even  without  such 
an  alteration  in  the 

Red  and  white  corpuscles  in  blood  from  the  finger  x  2800  linear.  Blood  as  would  COn- 

The  large,  smooth  circular  bodies  are  the  red  corpuscles.  Three  very  stitute  disease,  its 
small  red  corpuscles  are  less  than  ^g^th  of  an  inch  in  diameter.  The  .         e  , 

smallest  particles  are  composed  of  matter  like  that  of  which  the  white  proportion  Ol  Water 

blood  corpuscle  (b)  consists.  Threads'.of  fibriue  undergoing  coagula-  mav  hp  tpirmorarilv 
tion  are  observed  between  the  corpuscles,  a,  red  corpuscle,  exhibiting        J  .        .  j 

angular  projections ;  below  it  and  to  the  left  is  another  with  stQl  more  SO  much  diminished 

pointed  processes.  .        , . 

by  diuresis  or  ex- 
cessive perspiration,  unbalanced  by  a  corresponding  ingestion  of 
liquid,  that  the  corpuscles  may  be  made  to  present  a  granulated  edge ; 
which  is  rendered  smooth  again  by  the  dilution  of  the  liquor  sanguinis 

*  A  large  number  of  experiments  of  this  kind  were  made,  and  their  results  accurately 
recorded,  by  Hewson  (see  his  "  Inquiry  into  the  Properties  of  the  Blood,"  1782,  and 
his  "Description  of  the  Red  Particles  of  the  Blood,"  1788),  who  correctly  drew  from 
them  the  inference  of  the  vesicular  character  of  the  Eed  Corpuscles  amongst  the 
Pyrensemata.  See  also  the  Lectures  of  Mr.  Ancell  on  the  Blood,  in  the  "  Lancet''  for 
1839;  the  Memoir  of  Dr.  G.  0.  Bees  and  Mr.  S.  Lane,  in  "Guy's  Hosp.  Rep., 
No.  xiii. ;  and  the  excellent  Lectures  by  Mr.  Gulliver,  delivered  at  the  College  of 
Surgeons  in  1862-63,  in  "Med.  Times  and  Gazette." 

t  See  Dr.  G.  O.  Rees's  '  Gulstonian  Lectures'  in  the  "Medical  Gazette"  for  1845. 
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with  water.  We  hence  see  the  necessity,  in  examining  the  Blood  micro- 
scopically, for  employing  a  fluid  for  its  dilution,  that  shall  be  as  nearly 

Fig.  80. 


.00 

o 

3° 

*0 

All  the  Corpuscles  here  shown  are  drawn  to  the  uniform  scale,  at  the  bottom  of  the  wood- 
cut, of  l^WOOths  of  an  English  inch,  and  the  measurements  are  expressed  in  vulgar  fractions  of 
that  inch.    t.  d.  signifies  transverse  diameter ;  l.  d.  long  diameter;  s.  d.  short  diameter. 


MAMMALIA. 

1.  Red  Corpuscle  of  Man,  seen  on  the  flat  surface  and 

also  on  the  edge ;  thickness  1-12,400 

2.  „         ,,     of  Elephant       .       .       .  . 

3.  „         ,,     of  Musk  Deer  .... 

4.  ,,         ,,     of  Dromedary,  thickness  1-16,337 

AVES. 


6. 
7. 


8. 
9. 
10. 


11. 
12. 
13. 


„     of  Ostrich  . 

Nucleus  of  ditto . 
,,     of  Pigeon 
„    of  HummiDg  Bird 

REPTILIA. 

„     of  Crocodile  . 
„     of  Python  . 
of  Proteus  . 

PISCES. 

„•    of  Perch 
„     of  Pike, 
of  Shark 


T.  D. 

I-.  D. 

1 

-3200 

1 

-2745 

1- 

-12325 

1-3254 

1-1649 

1-3200 

1-2314 

1-2666 

1-1231 

1-1440 

1-400 

1-2461 

1-2000 

2-1143 

S.  D. 


1-5921 


1-3000 
1-9166 
1-3429 
1-4000 


1-2286 
1-2400 
1-727 


1-3000 
1-3555 
1-1684 


3  possible  of  the  same  character  with  its  ordinary  '  liquor  sanguinis.'  

a  the  accompanying  Fig.  (80),  which  shows  the  form  and  size  of  the  red 
lood-corpuscles  of  animals  belonging  to  each  division  of  the  Vertebrate 
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class,  most  accurately  drawn  to  scale  by  Mr.  Gulliver,*  it  will  be  Been 
that  whilst  in  Man  and  all  Mammalia,  with  the  exception  of  the  Camel 
tribe  (4),  they  are  circular,  and  destitute  of  a  nucleus,  or  apyrena- 
matous,f  in  Birds,  Reptiles,  and  Fish,  except  only  some  of  the  lowest 
forms  of  the  last,  the  corpuscles  are  uniformly  oval  and  nucleated,  or 
pyrensematous  :  in  the  Camel  tribe,  though  the  corpuscles  are  oval,  yet 
they  conform  to  the  MammaHan  type  in  being  free  from  a  nucleus,  and 
their  small  size.  Mr.  G-ulliver  has  particularly  insisted  on  this  difference 
in  the  blood  of  the  MammaHan  and  Oviparous  Vertebrata,  maintaining 
it  to  be  the  only  single,  universal,  and  characteristic  difference  between 
them.|  As  regards  the  nature  of  the  corpuscles  of  Man  and  Mam- 
malia they  seem  to  be  homogeneous  masses  of  germinal  matter,  soft, 
elastic,  transparent,  and  structureless,  with  a  specific  gravity  of  about 
1088.  The  appearances  of  a  proper  cell- wall  and  nucleus  which  they 
present  when  subjected  to  the  action  of  solutions  of  magentaand  of  tannin 
(see  §  172), §  or  when  an  electric  current  is  transmitted  through  them,|| 
are  probably  deceptive,  and  arise  either  from  physical  or  chemical 
changes  occurring  on  their  surface  or  in  their  substance.  Mr.  Wharton 
Jones,  from  considerations  connected  with  their  development,  regards 
them  as  free  nuclei,  though  they  certainly  possess  neither  the  physical 
nor  chemical  characters  of  nuclei,  but  are  very  energetically  acted  on 
by  numberless  reagents  which  are  quite  powerless  on  the  nuclei  of  the 
red  corpuscles  of  the  blood  of  Birds,  Reptiles,  or  Fishes.  Mr.  Gul- 
liver considers  them  to  be  peculiar  bodies  without  any  known  homo- 
logues  in  the  blood  of  these  pyrenaematous  vertebrates. 

167.  The  form  of  the  Red  Corpuscles  is  not  unfrequently  seen  to 
change  during  their  circulation  ;  but  this  is  generally  in  consequence  of 
pressure,  from  the  effects  of  which,  however,  they  quickly  recover 
themselves.  In  the  capillary  vessels,  they  sometimes  become  suddenly 
elongated,  twisted,'  or  bent,  through  a  narrowing  of  the  channel ;  and 
this  change  may  take  place  to  such  a  degree  as  to  enable  the  disc  to 
pass  through  an  aperture  which  appears  very  minute  in  proportion  to  its 
diameter.  When  undergoing  spontaneous  decomposition,  the  blood-discs 
become  granulated,  and  sometimes  (as  long  since  noticed  by  Hewson) 
even  mulberry-shaped ;  and  particles  in  which  these  changes  appear  to  be 
commencing,  maybe  found  in  theblood  at  all  times  (Fig.  81). — Thesizeoi 

*  See  "Proceedings  of  tbe  Zoolog.  Soc.  of  London,"  1862,  p.  101. 
t  a,  not,  Ttvprjv,  a  nucleus,  and  cu/za,  blood. 

X  The  following  measurements  of  the  blood  of  domestic  animals  (expressed  in  vulgar 
fractions  of  an  English  inch)  may  be  selected  from  Mr.  Gulliver's  observations,  as  toe  j 
most  likely  to  become  of  interest  in  Juridical  inquiries : — 


Cat  ...  .  1-4404 

Horse  .    .  .  1-4600 

Sheep  .    .  .  1-5300 

Goat.    .    .  .  1-6366 


Man    .    .    .    1-3200    Mouse    .    .    .  1-4230 

Dog    .    .    .    1-3532    Ass   1-4267 

Hare   .    .    .    1-3560    Pig   1-4230 

Babbit.    .    .    1-3607    Ox   1-4267 

Eat ....    1-3754   Eed  Deer     .    .  1-4324 
A  Tabular  summary  of  Mr.  Gulliver's  very  numerous  and  accurate  measurements  of  | 
the  Red  Corpuscles  of  the  Blood  of  different  animals,  from  all  the  classes  and  most  of 
the  orders  of  tbe  Vertebrate  series,  is  contained  in  the  "  Proceedings  of  the  Zoological 
Society,"  No.  cii.,  and  also  in  his  Edition  of  the  "  "Works  of  Hewson"  already  referred 
to,  published  by  the  Sydenham  Society  (p.  237). 

§  See  Boberts,  in  "Proceed,  of  Boyal  Soc,"  vol.  xii.  1863,  p.  481. 
II  Bbttcher,  Virchow's  "  Archiv,"  Bd.  xxxix.  1867,  p.  427. 
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I  e  blood-discs  is  liable  to  considerable  variation,  even  in  the  same  indivi- 
,ial;  some  being  met- with  as  much  as  one-third  larger,  whilst  others  are 

Fig.  81. 


Various  forms  assumed  by  blood  corpuscles  after  withdrawal  from  the 
body.  The  first  represents  an  oval  corpuscle  of  the  frog  breaking  up  into 
segments.  The  corpuscle  marked  a  exhibits  the  formation  of  a  crystal 
within  a  red  corpuscle  (Offsianikoff).  b,  c,  d,  forms  represented  by  Bott- 
cher.   The  remainder  are  from  Mr.  Gulliver's  drawing. 


e-third  smaller,  than  the  average.  The  diameter  of  the  corpuscles  bears 
1 1  constant  relation  to  the  size  of  the  animal,  even  within  the  limits  of 

e  same  Class ;  thus,  although  those  of  the  Elephant  (2,  Fig.  80)  are  the 
;rgest  among  Mammalia  (as  far  as  is  hitherto  known),  those  of  the 
r  ouse  tribe  are  far  from  being  the  smallest,  being,  in  fact,  more  than 

ree  times  the  diameter  of  those  of  the  Musk  Deer  (3,  Fig.  80).  There 
however,  as  Mr.  Gulliver  has  remarked,  a  more  uniform  relation 
,  tween  the  size  of  the  animal  and  that  of  its  blood-discs,  when  the 
j  mparison  is  made  within  the  limits  of  the  same  Order.  In  Man,  their 
V  ameter  commonly  varies  from  about  l-4000th  to  l-2800th  of  an  inch, 
Ihth  still  wider  extremes,  the  average  diameter  of  about  l-3200th ;  and 
1 1  eir  average  thickness,  according  to  the  same  excellent  observer,  is 
|  out  l-12,400th  of  an  inch.  According  to  the  estimates  of  Vierordt, 
;  lich  have  been  corroborated  by  Mantegazza,  a  cubic  centimetre  of 
j  iman  blood  contains  no  fewer  than  5,055,000  red  corpuscles,  and 
J  out  14,000  colourless  ones. — The  colour  of  the  Red  Corpuscles  is 
j  ry  pale  when  they  are  lying  in  a  single  stratum  ;  and  it  is  only  when 
1  see  three  or  four,  or  more  together  in  rolls  or  clumps,  that  the  full 
I  ep  red  tint  of  their  contents  becomes  apparent.  The  cause  of  the 
|  fference  in  hue  between  the  corpuscles  of  arterial  and  those  of  venous 
I  Dod,  will  be  considered  hereafter. 

I  168.  If  the  blood  (of  a  Mammal)  be  exposed  drop  by  drop  to  a  cold  of 
I  or  9°  Fahr.,  and  then  be  rapidly  warmed  to  68°Fahr.,  the  corpuscles 
I  11  be  found  to  have  lost  their  colour,  whilst  the  serum  is  deeply 
i  uned.  A  kind  of  analysis  of  the  constituents  of  the  blood  may  thus 
1  effected.  To  the  material  of  the  corpuscles,  which  retain  their 
i  iginal  form  and  elasticity,  though  devoid  of  colour,  the  term  Stroma 
I  a  been  applied,  whilst  the  colouring  matter  has  been  named  Hcemo- 
I  >ot»,  Haematoglobulin,  or  Haematocrystallin,  and  is  characterized 
its  property  of  assuming  under  favourable  circumstances  the  crystal- 
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line  form.  The  Stroma  appears  from  its  reactions  to  be  chiefly  composed 
of  protagon  (§  53)  mingled  with  some  albuminous  compounds  (para- 
globulin,  fibrino-plastic  substance).  It  is  insoluble  in  distilled  water 
serum  and  dilute  (§  per  cent.),  solutions  of  sugar  and  of  common  salt 
at  temperatures  below  140°  Fahr.,  but  it  dissolves  easily  in  serum  con- 
taining a  little  ether,  chloroform,  or  alcohol,  even  in  the  cold,  also  in 

Fig.  88. 


Blood,  within  an  hour  after  re-  Perfect  Tetrahedral  Crystals 

moval  from  the  body.  formed  from  Guinea-Pig's  Blood. 

In  many  oases,  one  Corpuscle  be- 
came one  Crystal. 


Fig.  84. 


caustic  soda,  and  ammonia,  in  solutions  of  the  salts  of  the  biliary  acids, 
and  of  urea. 

169.  The  colouring  matter  of  the 
blood,  or  haemoglobin,  enters  largely 
into  the  composition  of  the  cor- 
puscles, and  is  readily  soluble  in 
water,  and  weak  alkaline  solutions. 
It  is  capable  of  assuming  the  crystal- 
line form,  the  crystals  being  ob-,, 
tained  with  the  greatest  facility 
from  the  blood  of  the  dog,  horse, 
guinea-pig,  and  goose,  less  easily 
from  the  blood  of  man,  and  with 
the  greatest  difficulty  from  the 
mouse,  the  mole,  and  the  bat. 

Blood-Cryxtal*,  (1)  prismatic,  from  Human  In  some  instances  it  is  only  K-l 
blood,  (2)  tetrahedral,  from  Pig's  blood,  (3)        .  .,  Jn  ,i  ondl 

hexagonal  plates,  from  Squirrel's  blood.  OUlSlte    to    dilute     the     blOOd  a*wj 

allow  one  or  two  drops  to  dry 
spontaneously ;  generally  speaking,  however,  to  obtain  good  crystals 
the  corpuscles  must  be  dissolved,  and  the  colouring  matter  thrown  down 
by  alcohol,  or  by  some  salt  or  acid.  The  percentage  composition  oil 
hemoglobin  crystals  of  the  dog  is  CS4.2  H,.s  N16  S0.7  Fe0.48  0„.,  (HoppH 
Seyler).  Some  of  the  chief  forms  of  haemoglobin  crystals  are  exhibited 
in  the  Figs.  82,  84.    It  has  been  ascertained  that  with  the  exception  oj 


*  Hoppe-Seyler,  "  Med.-Chem.  Untersuch.,"  1867,  p.  174. 
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J  e  haemoglobin  of  the  Squirrel,  which  are  hexagonal,  the  crystals  of  the 
I  Dod  of  other  animals  belong  to  the  rhombic  system.  Those  of  man 
J  esent  the  form  of  elongated  rectangles,  rhombs,  and  four-sided 
1  isms,  with  dihedral  summits.  The  crystals  of  the  blood  of  the  rabbit 
]  e  very  similar  to  those  of  man.  Those  of  the  dog  are  long  four-' 
I  led  needles,  terminated  by  one  plane  surface.  From  cat's  blood 
I  ailar  crystals  may  be  obtained,  together  with  thin  rhombic  and  six- 
tied  plates.  In  the  guinea-pig  tetrahedra,  and  in  the  rat  tetra-  and 
iitahedra  are  found. 

1.170.  Under  the  influence  of  warmth,  of  acids,  or  of  caustic  alkalies, 
tjmoglobin  undergoes  decomposition ;  the  colour  of  the  liquid  changes 
I  ?m  a  beautiful  red  to  a  smutty  tint,  which  appears  in  thin  layers  and 
Ir  reflected  light,  brown,  and  by  transmitted  light,  green.  This  change 
I  colour  is  due  to  the  breaking  up  of  the  haemoglobin  into  an  albu- 
l;.nous  substance,  and  a  peculiar  coloured  substance  termed  hgematin. 
4!rery  100  parts  of  haemoglobin  treated  with  hydrochloric  acid  yield 
|  out  4  parts  of  hydrochlorate  of  haematin,  and  96  parts  of  albumen. 

le  haematin  was  erroneously  supposed  to  be  the  true  colouring  material 
1  the  blood  by  Berzelius,  Mulder,  Lecanu,  Lehmann,  and  others.  Ac- 
jfcding  to  Hoppe-Seyler,  its  composition  is  represented  by  the  formula 
I  .H51Fe3N6018.  When  dried  it  forms  an  amorphous  bluish-black,  or 
being  rubbed  down,  reddish-brown  powder.  It  withstands  with- 
i  t  decomposition  a  temperature  of  350°,  but  above  that  point,  carbo- 

?es.  It  is  insoluble  in  alcohol,  water,  ether,  or  chloroform,  but  dissolves 
f  I  idily  in  acids  and  alkalies,  and  in  acidified  alcohol,  by  which  last  it  is 
if>  ed  from  the  albuminous  compound.  When  treated  with  sulphuric 
Lli  id,  the  iron  can  be  wholly  withdrawn,  and  the  haematin  thus  obtained,  so 
differs  from  ordinary  haematin,  that  whilst  it  is  insoluble  in  dilute  acids, 

presents  the  important  chemical  feature  of  being  polymeric  with  bili- 
I  bin,  or  the  colouring  matter  of  bile,  as  shown  by  the  following  formulae  : 

+  3HO  =  3(C  2H18N206)  +  3FeO 


C96fWe3018 

Haematin. 


Bilirubin. 


hen  blood  is  subjected  to  the  ac- 
n  of  a  mixture  of  one  part  of 
)ohol,  4  parts  of  ether,  and  1-1 6th 
oxalic  acid,  thin  brownish  and 
ownish-green,striated,transparent 
ystalline  laminae  are  obtained, 
ten  curiously  twisted  upon  their 
Qg  axes,  and  soon  spontaneously 
anging  into  flat  rhombic  octohe- 
a.  These  crystals,  first  described 
•  Lehmann,  Fig.  85,  are  stated  by 
iihneto  beidenticalwiththehaemin 
ystals  obtained  by  Teichmann, 
g.  86,  both  consisting  of  haematin 

combination  with  hydrochloric 
kl  The  formation  of  these 
ystals  is  important  in  a  medico- 
?al  point  of  view,  since  they  can 

obtained  from  a  very  minute 


Fig. 


Rhombic  Crystals  of  Hydrochlorate  of  Hoe  ma- 
tin, obtained  by  Lehmauu's  method. 
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speck  of  blood.  The  best  method  is  to  triturate  the  supposed  dry  blood 
spot  with  a  little  common  salt,  and  to  add  glacial  acetic  acid.  The 
mixture  is  then  to  be  warmed  till  bubbles  appear,  and  set  aside  to  cool. 
If  blood  be  present,  numerous  hsemin,  or  hydrochlorate  of  haamatin 
crystals  appear  in  the  form  of  rhombic  tablets,  often  arranged  in  stars  or 

crosses  of  red,  brown,  or  black  colour,  becoming 
Fm.  86.  violet  on  exposure  to  oxygen,  and  losing  their  trans- 

parency on  exposure  to  carbonic  acid.  Mingled 
with  these  are  colourless  crystals  of  common  salt, 
acetate  of  soda,  and  colourless  scales  of  albumen 
in  combination  with  acid. 

The  hasmatoidin  crystals  observed  by  Virchow, 
and  stated  by  him  to  occur  in  blood  that  has  long 
been  extravasated,  as  in  old  apoplectic  clots,  and 
Hamin  Crystals,  by  Teich-  corpora  lutea,  appear  to  be  identical  with  bilirubin, 
man.inHydrochiorateofHee-  or  the  colouring  matter  of  bile.*    The  red  cor- 
matin'  puscles  appear  to  have  a  remarkable  power  of  ab- 

sorbing certain  gases ;  and  especially  of  oxygen.  They  are  considerably 
heavier  than  the  serum  in  which  they  are  suspended ;  their  normal 
specific  gravity  being  from  1088*5  to  1088-9  in  man,  and  from  1088-0 
to  1088-6  in  woman  ;  while  that  of  the  serum  averages  1028. 

171.  Spectrum  Analysis  of  the  Blood. — The  researches  of  Brewster, 
Herschel,  and  Miiller  showed  that  when  solutions  of  various  colour- 
ing matters  are  placed  in  the  solar  spectrum,  certain  portions  of  the 
light  are  absorbed,  and  dark  stria?  or  bands  appear  in  the  spectrum 
corresponding  to  those  rays  that  have  been  arrested.  F.  Hoppef  found 
that  in  a  very  diluted  mixture  of  blood  and  water  the  spectrum  ex- 
hibited two  well-marked  dark  striae  in  the  yellow  and  in  the  green,  both 
lying  between  the  Fraunhbfer  lines,  D  and  E.  When  less  dilute, 
the  two  lines  blended  together,  and  with  increasing  concentration,  the 
violet  and  blue",  as  well  as  the  green  and  yellow,  gradually  vanished,  till 
at  length  only  the  red  remained.  Arterial  and  venous  blood  alike 
showed  the  two  striae,  as  did  also  dried  blood,  and  blood  treated  with 
COa,CO,  H,  SH,  NHS,  &c. ;  but  the  striae  rapidly  disappeared  when  acetic 
or  tartaric  acid,  or  caustic  alkaline  lyes  were  added  to  the  blood.  He 
further  found  that  the  ordinary  absorption  stria?  were  rendered  most 
distinct  by  precipitating  a  mixture  of  blood  and  water  with  acetate  of 
lead,  and  throwing  down  the  lead  with  carbonate  of  soda.  Prof.  Stokes,J 
on  repeating  the  experiments  of  Hoppe,  confirmed  them,  and  at  once 
proceeded  to  inquire  whether  it  were  possible  to  imitate  the  change  of 
colour  of  arterial  into  that  of  venous  blood,  on  the  supposition  that  it 
arose  from  reduction.     This  he  accomplished  by  adding  solution  ot 

*  See  Teichmann,  "  Zeitscbrift  f.  Eat.  Med.,"  N.  F.  iii.  375,  viii.  141  :  Kolliker. 
"Manual  of  Human  Histology,"  1860;  Virchow,  "Cellular  Pathology,"  1860,  pp- 
143-145;  v.Gorup-Besanez,  "  Phys.Chem.,"  1862,  pp.  170-194;  Funke,  " Physiologie/ 
4th  edit.  1863,  p.  45  ;  Bqjanowski,  Siehold,  and  Kblliker's  "  Zeitschrift,"  Bd.  xa. 
1862,  p.  312;  Kollett,  Moleschott's  "  Untersuchung.,"  1863,  p.  22;  Bbttcher,  \\t- 
chow'a  "  Archiv,"  1865,  p.  126  andp.  372  ;  Zawarykin,  "  Sitzungsberichte  d.  k.  Akad. 
za  Wien,"  1865,  p.  151 ;  Gwosdew,  idem.,  1866  ;  Hoppe-Seyler,  "  Med.-Chem;  Unter- 
Ruch.,''  1867,  p.  298.  And  best  of  all,  the  discriminative  account  in  Kuhne  s 
"  Physiolog.  Chemie,"  1868,  p.  188  et  seq. 
■    +  Virchow's  "  Archiv,"  Bd.  xxiii.  1862,  p.  446. 

t  "  Proceed.  Roy.  Soc,"  vol.  xiii.  1863-64,  p.  355. 
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rotosulphate  of  iron  to  the  blood,  with  enough  tartaric  acid  to  prevent 
recipitation  by  alkalies,  when  the  colour  of  the  solution  immediately 
ecame  much  deeper,  and  the  two  absorption  bands  were  at  once  re- 
aced  by  a  single  band,  shaded  off  at  the  borders,  and  occupying  an 
\termediate  position  between  them.  On  exposure  to  air,  the  bands 
dginally  present  reappeared.  Hence  he  inferred  that  the  colouring 
*atter  of  the  blood,  like  indigo,  is  capable  of  existing  in  two  states  of 


Fig.  87. 
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A,  Sorby's  standard  inter- 
ference spectrum. 


Oxidized  haemoglobin  or 
scarlet  cruorine. 


3.  Haemoglobin  with  car- 
bonic oxide. 


1.  Deoxidized  haemoglobin 
or  purple  cruorine. 


i.  Old  blood-stain  in  water. 


Hsematin  in  an  acid  solu- 
tion. 


Haematin  in  an  ammo- 
niacal  solution. 


Deoxidized  ammoniacal 
bxmatin. 


.  Fraunhofer's  lines. 
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dation,  distinguishable  by  a  difference  of  colour  and  a  fundamental 
erence  in  the  action  on  the  spectrum.  To  this  colouring-matter  he 
3  applied  the  term  Cruorine,  suggested  by  Dr.  Sharpey — its  two  states 
oxidation  being  termed  scarlet  cruorine  and  purple  cruorine  respec- 
ely.  Prof.  Stokes  showed  also  that  haematin,  which  is  the  result  of 
i  action  of  weak  acids  on  cruorine,  was  similarly  capable  of  oxida- 
n  and  reduction,  and  that  it  shows  well-defined  and  highly  charac- 
lstic  lines,  which,  however,  are  by  no  means  identical  with  those  of 
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cruorine.    Prof.  Stokes  suggests,  as  a  physiological  deduction  from  his 
experiments,  that  cruorine  is  to  be  regarded  as  the  carrier  of  oxygen  to 
the  tissues,  since  it  absorbs  that  gas  with  extreme  facility ;  whilst  under 
the  influence  of  reducing  agents,  it  permits  it  again  to  be  withdrawn  from 
it.    Both  Hoppe  and  Stokes  refer  to  the  applicability  of  spectrum  ana- 
lysis for  the  detection  of  blood-stains  in  medico-legal  investigations. 
Mr.  Sorby*  has  greatly  improved  the  mechanical  arrangements  by 
which  the  lines  in  question  can  be  examined,   and  the  foregoing 
wood-cut,  Fig.  87,  is  after  a  drawing  by  his  hand.    The  uppermost 
scale  represents  Mr.  Sorby's  standard  interference  spectrum,  and  is 
obtained  by  transmitting  light  through  two  Nicol's  prisms  and  an  inter- 
vening plate  of  quartz  or  selenite,  with  its  axes  at  45°  to  the  plane  of 
polarization.    The  number  of  the  dark  bands  due  to  the  interference  of 
the  luminous  waves  may  be  regulated  by  the  thickness  of  the  plate  of 
quartz,  and  for  the  sake  of  convenience  has  been  fixed  at  12,  the  un- 
equal dispersion  making  the  distance  between  the  bands  in  the  blue 
about  twice  as  great  as  in  the  red.    The  dark  bands  are  numbered 
1,  2,  3,  4,  &c,  and  the  centre  of  the  white  spaces  l£,  2^,  3|,  &c,  which 
may  be  again  subdivided,  as  into  1^,  If,  &c.    Definite  narrow  absorp- 
tion bands  are  indicated  by  a  *  printed  over  their  centre.    On  this  no- 
tation the  bands  occurring  in  the  several  solutions  mentioned  may  be 
described  intelligibly  and  simply  thus :: — 

*  • 

2.  Oxidized  haemoglobin     .    .    3f — 4|  4| — of  8—  9— 

3.  Haemoglobin  with  CO     .    .    3f — 4£  4| — 8—  9—  and  so  on. 

According  to  Mr.  Gamgee,!  the  nitrites  cause  blood  to  assume  a 
chocolate  colour,  the  bands  of  oxidized  haemoglobin  becoming  very  faint, 
and  an  additional  absorption  band  in  the  same  position  as  in  acid 
haematin  appearing.  The  nitrites  do  not  decompose  the  blood-colouring 
matter,  nor  thrust  out  the  oxygen.  They  appear  to  link  themselves  on  I 
to  it,  as  is  probably  the  case  with  hydrocyanic  acid.}  Nitritized  blood  I 
absorbs  less  oxygen,  but  it  can  convert  into  ozone  what  it  does  absorb. 

172.  In  addition  to  what  has  been  already  stated  of  the  influence  of 
water,  saline  and  other  solutions,  and  acetic  acid,  upon  the  form  and 
condition  of  the  red  corpuscles,  it  may  be  remarked,  that  on  exposure 
to  the  influence  of  pure  water,  they  swell  up,  become  globular,  and  so  I 
pale  that  their  outline  can  only  be  traced  with  the  greatest  difficulty,  j 
Yet  unless  putrefaction  have  set  in,  it  is  certain  that  they  are  not  soluble  I 
in  it,  since  they  can  readily  be  again  brought  into  view,  even  after  weeks  I 
of  maceration,  by  the  application  of  a  little  iodine  or  corrosive  subh- 1 , 
mate.§    Bile  and  urea  appear,  however,  to  dissolve  the  red  blood-cells;  . 
though  the  addition  of  urine  seems  to  exert  no  other  influence  upon  I 
them  than  a  saline  solution  of  equal  density  would  do,  as  was  long  since  I 
ascertained  by  Hewson.    With  solutions  of  magenta  they  swell  up  and  J , 
assume  a  faint  rose  colour,  whilst  a  dark  red  spot  appears  upon  soniel- 
point  of  their  circumference.    The  white  corpuscles  are  stained  oi  aK. 

*  "  Quart.  Journ.  of  Sci.,"  1865,  vol.  ii.  p.  198  ;  "  Pop.  Sci.  Review,"  vol.  v.  p.  66;  U 

"Proceed,  of  Roy.  Soc,"  vol.  xv.  1866-7,  p.  433. 

t  "  Proceedings  of  Roy.  Soc,"  No.  102,  1868.  „  1Qft7 1 

t  Preyer,  Virchow's  "  Archiv,"  Bd.  xl.  1867 ;  and  Hoppe-Seyler,  "  Untersuch.  18b'|  I 
§  Gulliver,  "Lond.  and  Edin.  Phil.  Mag."  for  1840,  p.  106  ;  and  Lecture  ».,  »ea*l 

Times,"  1862,  p.  102. 
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jeper  red,  and  their  nuclei,  which  are  brought  clearly  into  view,  be- 
»me  of  a  deep  carbuncular  red  colour.    With  solutions  of  tannin,  after 
e  lapse  of  twenty  or  thirty  seconds,  some  point  of  the  circumference  of 
e  red  corpuscle  appears  to  give  way,  and  a  small  button  of  a  highly 
-fractile  substance  projects,  which  sometimes  appears  to  contain  a  vesi- 
Jar  body,  that  can  again  be  retracted  into  the  corpuscle  by  the  action 
I  acetic  acid.*    It  is  further  remarked  by  Prof.  Lehmann,  that  some  of 
e  Red  Corpuscles  resist  the  influence  of  reagents  much  more  than 
iters  do ;  and  he  infers  that  the  latter  are  the  older  cells,  as  having  the 
congest  tendency  to  disintegration ;  whilst  those  which  present  an  un- 
.  ual  resisting  power,  he  infers  to  be  young  cells  which  have  not  yet 
quired  the  normal  characters  of  the  red  corpuscles.']' . 
173.  The  Eed  Corpuscles,  when  freely  floating  in  the  liquor  sanguinis 
blood  no  longer  in  motion,  exhibit  a  marked  tendency  to  approximate 
e  another ;  usually  coming  into  contact  by  their  flattened  surfaces,  so 
it  a  number  of  them  thus  aggregated  present  the  appearance  of  a  pile 
coins ;  or,  if  the  stratum  be  too  thin  to  permit  them  to  be  in  this 
er,  partially  overlapping  one  another,  or  even  adhering  by  their 
es,  which  then  frequently  become  polygonal  instead  of  circular.  The 
uscles  when  thus  adherent,  resist  the  influence  of  forces  which  tend 
etach  them,  and  will  even  undergo  considerable  changes  of  shape, 
er  than  separate  from  each  other  ;  if  forced  asunder,  however,  they 
e  their  normal  form.    After  thus  remaining  adherent  for  a  time, 
;y  seem  to  lose  their  attractive  force ;  for  they  are  then  seen  to  sepa- 
e  from  each  other  spontaneously.    This  peculiar  tendency  to  aggre- 
on  is  most  strongly  manifested  in  inflammatory  blood,  and  assists  in 
production  of  the  bufly  coat ; 
1st,  on  the  other  hand,  it  seems 
)e  neutralized  by  the  action  of 
tst  saline  substances,  since,  if 
se  be  added  to  the  blood,  the 
puscles  do  not  run  together, 
instantly  separate  if  they  have  i 
i?ady  become  adherent. 
74.  Besides  the  red  corpuscles 
he  Blood,  there  are  others  which 

sess  no  colour,  and  might  seem   1 — J  1  1  ' —  *  ■  '  '  ' 

lave  a  function  altogether  dif-  Red  corpuscies  and  pale  cells  of  blood  and  lymph- 

mt;   these   are  known  as  the  globules.    At  a,  four  red  corpuscles;  b,  five  pale 

;        ri  i       i                    i       /i  globules ;  c,  d,  four  lymph-globules.    The  first  pale 

[  'Ite  Or  LOlOUrleSS  COrpuSCleS  (0,  globule  at  b.  contains  spherical  granules,  the  last  is 

!  8.  79  and  88).    It  is  remarkable  0nl/  ^""tely  granular,  and  the  fourth  is  collapsed 
.  ,    '  and  sending  on  processes ;  these  three  globules  are  in 
fc,  notwithstanding  the    great  the  natural  state,  but  the  second  shows  its  circular  nu- 
ll o  firms  ir.  -t-V,^.           ~f  *T,„    ~j  cleus  exposed  by  the  action  of  weak  acetic  acid,  and 
latlOns  in  the  Size  Of  the  red  the  thir§  the  nJucieu8  divided  after  treatment  by 

llDUScles  in  the  different  classes  stronger  acid.   Of  the  lymph-globules  (which  are 

I  t    ,  -i  ,-i      j.  .  .  from  an  inguinal  gland)  at  c,  the  first  two  are  in 

I  »  erteDrata,  the  dimensions  Of  their  natural  state ;  and  at  d,  the  last  two,  after 

[  ColmrleSS  Corpuscles  Varv  but  haT??f  been  long  steeped  in  strong  acetic  acid.  From 

.  ,        r ,  J  a  child,  aged  three,  accidentally  killed. 

I  e  throughout  the  Vertebrate 

|  -kingdom ;  their  diameter  being  seldom  much  greater  or  less  than 
I  )00th  of  an  inch  in  the  warm-blooded  Vertebrata,  and  l-2500th  of 

I  tloberts,  loc.  cit.  See  also  Rindfleisch,  "  Experimental  Studier.  iiber  die  Histologic 
I  Mutes,"  Leipzig,  1863.  f  Op.  cit.,  vol.  ii.  pp.  184,  185.  ' 


Fig.  88. 
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an  inch  in  Reptiles.  This  holds  good  even  in  those  animals, — such  as 
the  Musk-Deer,  and  the  Proteus, — which  present  the  widest  departure 
from  the  general  standard  in  the  size  of  their  red  corpuscles ;  so  that 
the  colourless  corpuscle  is  as  much  as  four  times  the  diameter  of  the  red, 
in  one  instance ;  whilst  it  is  not  one-eighth  of  the  long  diameter  of  the 
red,  in  the  other. — The  common  pale  Corpuscles  of  the  Blood,  though 
similar  in  appearance,  are  somewhat  larger  than  the  proper  globules  of 
lymph  or  chyle,  and  the  marked  differences  that  exist  in  their  chemical 
properties  have  led  Mr.  Gulliver  to  the  conclusion  that  in  Mam- 
malia and  Birds  the  lymph-globule  is  a  nucleus,  while  the  common  pale 
corpuscle  of  the  blood  is  a  cell  containing  a  nucleus.  The  lymph- 
globule  or  nucleus  is  only  slightly  acted  on  by  acetic  acid,  but  the  pale 
cell  energetically,  its  nucleus  immediately  becoming  apparent  even  when 
very  dilute  acid  is  employed.  The  nucleus  of  the  white  corpuscle  is  not, 
however,  identical  with  the  lymph-globule,  since  it  divides  into  two  or 
three  smaller  bodies  on  the  addition  of  strong  acetic  acid,  which  is 
not  the  case  with  the  lymph-globule.  In  fibrous  clots  a  third  kind  of 
pale  corpuscle  has  been  observed  by  Mr.  Gulliver,*  which  is  charac- 


terized by  its  small  size,  faint 


outline,  and  resistance 


to  the  action  of 


acetic  acid.   The  Colourless  corpuscles  possess  a  higher  refractive  power  i 
than  the  red ;  from  which  they  are  further  distinguished  by  their  greater 
firmness,  their  want  of  elasticity,  their  softly  shaded  and  granular  aspect, 
and  the  absence  of  any  disposition  to  adhere  to  each  other ;  so  that,  I 

when  a  drop  of  recent  blood  is  I 
Fig.  89.  placed  between  two  strips  of  glass, 

and  these  are  gently  moved  over 
one  another,  the  white  corpuscles  I 
may  be  at  once  recognized  by  their  I 
solitariness,  in  the  midst  of  the  rows  I 
and  irregular  masses  formed  by  the  I 
aggregation  of  the  red.  This  is  I 
still  better  seen  in  inflammatory  I 
blood ;  in  which  the  Red  cor-  J 
puscles  have  a  peculiar  tendency  to  I 
adhere  to  one  another,  so  that  the  I 
distinctness  of  the  White  is  more 
marked. 

175.  Colourless  corpuscles  mayl 
be  readily  distinguished  in  the  blood 
circulating  through  the  small  vessels 
of  the  Frog's  foot;  and  it  is  thenj 
observable  that  they  occupy  the  ex- 
terior of  the  current,  where  the 
motion  of  the  fluid  is  slow,  whilst 
the  red  corpuscles  move  rapidly 
through  the  centre  of  the  tube 
89).  The  colourless  corpuscles,  indeed,  often  show  a  dispo- 
to  adhere  to  the  walls  of  the  vessels ;  which  is  manifestly  inj 

of  an  irritant.    Hence  the  idea  naturalljj 


A  small  Venous  trunk,  a,  from  the  Web  of  the 
Frog's  foot;  b,  b,  cells  of  pavement-epithelium, 
containing  nuclei.  In  the  space  between  the 
current  of  oval  Blood-corpuscles,  and  the  walls 
of  the  vessel,  the  round  transparent  colourless 
corpuscles  are  seen. 


(Fig. 
sition 
creased 


on  the  application 


*  "  Med  Times  and  Gaz.,"  vol.  i.  1863,  p.  207. 
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arises,'  that  (to  use  the  words  of  Mr.  Wharton  Jones)  "there  is  some 
reciprocal  relation  between  the  colourless  corpuscles,  and  the  parts 
outside  the  vessels,  in  the  process  of  nutrition." — A  very  remarkable 
spontaneous  change  of  form  has  been  observed  by  Mr.  Wharton 
Jones*  to  take  place  in  the  Colourless  corpuscles  whilst  being  examined 
under  the  microscope ;  and  this  not  only  in  the  blood  of  Man,  but  in 
that  of  animals  of  all  the  Vertebrated  classes,  and  in  the  Invertebrata, 
whose  corpuscles  are  commonly  only  of  this  character.   From  some  point 
of  their  circumference,  a  protrusion  of  the  cell- wall  takes  place,  the  form 
of  which  seems  quite  indefinite ;  soon  afterwards,  another  protrusion 
may  be  seen  to  arise  from  another  part  of  the  corpuscle,  the  first  being 
either  drawn  in  again,  or  remaining  as  it  was  ;  and  thus  their  configu- 
ration may  be  seen  to  undergo  several  changes  before  the  process  finally 
ceases,  and  this  whilst  they  are  floating  in  their  own  serum,  and  the 
red  corpuscles  are  lying  quite  passive  in  their  immediate  vicinity.  These 
changes  of  form  (which  bear  a  striking  resemblance  to  those  of  the 
Amoeba)  remain  for  a  considerable  period  extremely  lively  if,  by  suitable 
arrangements,  the  evaporation  of  the  blood  be  prevented,  and  its  tem- 
perature maintained  at  100°  Fahr.     The   enclosure   of  particles  of 
colouring  matter  or  of  carbon  or  even  of  red  corpuscles  by  the  white 
corpuscles  has  frequently  been  witnessed,  j"    It  has  also  been  noticed  by 
Waller  and  Cohnheim,^  that  if  the  pressure  of  the  blood  in  the  vessels 
be  increased  by  tying  the  principal  vein  of  a  limb,  the  white  corpuscles 
escape  from  the  capillaries  apparently  by  squeezing  themselves  through 
apertures  much  smaller  than  their  own  diameter,  and  then  either 
wander  through  the  surrounding  connective  tissue,  or  accumulate  in 
rge  numbers  around  the  openings. 
176.  The  proportion  which  the  white  or  colourless  corpuscles  bear 
to  the  red,  is  very  small  in  the  blood  of  man  and  the  higher  Vertebrata, 
being,  in  the  state  of  health,  according  to  the  estimate  of  Moleschott 
(which  is  confirmed  by  Kolliker§),  not  more  than  2*55  to  1000.  It 
aries,  however,  to  a  very  remarkable  extent,  as  has  recently  been 
hown  by  Dr.  Hirt,  of  Zittau,||  according  to  whether  the  examination 
be  made  before  or  after  food.    Thus  in  the  morning  before  breakfast 
die  proportions  were  one  colourless  to  716  coloured  corpuscles  ;  half  an 
our  after  breakfast  1 :  347 ;  between  two  and  three  hours  after  break- 
st  1:1514;  ten  minutes  after  dinner  1:1592;  half  an  hour  after 
nner  1  :  429;  two  hours  and  a  half  to  four  hours  after  dinner  1  :  1481 ; 
alf  an  hour  after  supper  1 :  544  ;  and  between  two  and  a  half  to  three 
nd  a  half  hours  after  supper  1 :  1227.    The  white  corpuscles  are  more 
bundant  in  children  than  in  adults,  and  there  is  an  increase  during 
regnancy  and  in  certain  diseased  conditions  of  the  system.    In  the 
)viparous  Vertebrata  the  proportion  is  higher  ;  thus  it  has  been  ob- 
served by  Wagner^  to  be  as  1  :  16  in  the  blood  of  a  frog  examined  in 

*  "  Philosophical  Transactions,"  1846,  pp.  64,  71,  90,  &c. 

t  See  Preyer  on  Amseboid  Blood-Corpuscles,  Virchow's  "  Archiv,"  1864,  p.  417. 
t  Ibid.,  Sept.  1867. 

\  ''M*nual°f  Human  Histology"  (Sydenham  Society's  edition),  vol.  ii.  p.  330. 
II  Mullers  "Archiv,"  1856,  p.  174;  see  also  the  Experiments  of  Marfels  and 
iorange,  quoted  in  Ludwig,  vol.  ii.  p.  38,  1861. 
H  "  Elements  of  Physiology,"  translated  by  Dr.  Willis,  p.  246. 
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February,  and  as  1  :  6  in  similar  blood  examined  in  August.  In  one 
Vertebrated  animal,  the  Amphioxus,  the  red  corpuscles  are  wanting  al- 
together ;  their  place  in  the  circulating  blood  being  taken  by  the  colour- 
less. And  in  the  invertebrate  series  generally,  the  corpuscles  of  the 
circulating  fluid  correspond  rather  to  the  colourless  corpuscles  of  the 
blood  of  vertebrata,  and  to  the  corpuscles  of  Lymph  and  Chyle  (which 
may  be  regarded  as  the  same  bodies  in  an  earlier  stage  of  development), 
than  they  do  to  the  red  corpuscles,  which  are  peculiar  to  Vertebrata.* 
Thus,  in  one  of  its  most  characteristic  features,  the  blood  of  Inverte- 
brata  (and  of  Amphioxus)  may  be  likened  rather  to  the  Lymph  and 
Chyle  of  vertebrated  animals  than  to  their  blood ;  and  this  resemblance 
is  strengthened  by  the  fact  that  there  is  no  distinction  in  the  former  be- 
tween the  absolvent  and  the  sanguiferous  vessels,  which  in  the  latter 
respectively  contain  the  nutritious  fluid  in  its  earlier  and  in  its  later 
stages  of  development.  Moreover,  the  earliest  blood-corpuscles  of  the 
embryo  of  even  the  highest  vertebrata  are  colourless ;  and  long  after 
the  blood  has  acquired  its  characteristic  hue  from  the  development  of 
red  corpuscles,  the  colourless  corpuscles  bear  a  very  large  proportion  to 
the  red,  so  as  even  to  equal  them  in  number  (as  the  author  is  informed 
by  Mr.  Gulliver)  in  the  blood  of  foetal  Deer  an  inch  and  a  half  long, 
and  absolutely  to  preponderate  in  the  blood  of  still  smaller  embryoes. 

177.  There  can  be  no  doubt  that  both  the  red  and  the  colourless 
corpuscles  have,  like  other  cells,  a  definite  term  of  life ;  and  that,  whilst 
some  are  undergoing  disintegration,  others  are  in  a  state  of  advancing 
development  to  supply  their  places,  so  that  the  entire  mass  of  both  is 
undergoing  continual  change.    That  a  new  production  of  red  corpuscles 
may  take  place  with  considerable  rapidity  we  have  evidence  in  the  rapid 
restoration  of  their  normal  proportion  after  it  has  been  lowered  by 
haemorrhage  (§  187),  and  in  the  speedy  increase  which  may  be  effected 
in  their  amount  in  blood  in  which  they  have  been  excessively  diminished 
by  disease  (§  199),  this  being  especially  promoted  by  the  administration 
of  iron,  and  by  a  generous  diet.    On  the  other  hand  various  appear- 
ances indicative  of  degeneration  may  be  seen  in  the  red  corpuscles ;  and 
this  especially  in  the  blood  of  the  Oviparous  Vertebrata,  which  usually  I 
contains  corpuscles  almost  destitute  of  colour,  and  having  a  shrunken  I 
or  eroded  aspect,  their  nuclei,  however,  presenting  a  remarkable  dis- 1 
tinctness.    That,  under  certain  circumstances,  such  a  degenerating  pro- 
cess takes  place  with  great  rapidity  in  the  blood  which  circulates  through  I 
the  Spleen,  may  be  considered  as  ascertained  almost  beyond  a  doubt  J, 
(§  151,  in.).     Of  the  ordinary  duration,  however,  of  the  life  of  either! 
the  Red  or  the  Colourless  corpuscles,  we  have  not  at  present  any  means  I 
of  making  an  approximative  estimate. — The  question  now  arises,  in  whatj 
manner  the  two  classes  of  Corpuscles  are  respectively  developed,  andl 
whether  they  have  any  relationship  to  each  other. 

178.  That  the  fully-developed  Red  corpuscles,  when  ceasing  to  existasl 
such,  do  not  give  origin  to  new  corpuscles  of  the  same  kind,  may  now  bej 
asserted  (notwithstanding  the  statements  of  former  observers)  to  be  thej  | 
concurrent  opinion  of  nearly  all  who  have  in  recent  times  specially  a 

*  See  Mr.  Wharton  Jones's  Memoir  on  '  The  Blood-Corpuscle  considered  in  its  dull 
ferent  Phases  of  Development  in  the  Animal  Series,'  in  the  "  Philos.  Trans.,"  18461  j 
also  "  Princ.  of  Comp.  Phys.,"  4th  edit.  §§  379-382. 
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evoted  themselves  to  this  inquiry.  The  first  Red  corpuscles  unques- 
ionably  have  their  origin,  like  the  original  cells  of  the  solid  tissues,  in 
he  primordial  cells  of  the  germinal  structure  ;  and  it  is  in  the  so-called 
vascular  layer'  of  the  '  blastodermic  vesicle'  (chap,  xviii.  sect.  4),  and 
jhe  mass  of  cells  which  constitute  the  rudiment  of  the  heart,  that  this 
aetamorphosis  seems  first  to  take  place.  The  situation  of  the  heart, 
nd  the  course  of  the  principal  trunks  of  the  '  vascular  area/  are  early 
larked-out,  by  the  peculiar  disposition  of  the  aggregations  of  cells  from 
mich  these  organs  are  to  be  developed ;  and  whilst  the  outer  portions 
f  these  aggregations  are  transformed  into  the  walls  of  the  respective 
.avities,  the  inner  portions  seem  partly  to  deliquesce,  and  partly  to  remain 
a  isolated  cells  floating  in  the  liquid  thus  produced.  These  isolated  cells 
re  the  first  blood-corpuscles  ;  and  the  following  account  of  them  in  the 
•viparous  Vertebrata  or  Pyrensemata  is  given  by  Mr.  Paget,*  who  has 

•  iade  them  the  subject  of  careful  study.  "  As  described  by  Vogt,  Kbl- 
ker,  and  Cramer,  they  are  large  colourless  vesicular  spherical  cells,  full 
f  yellowish  particles  of  a  substance  like  fatty  matter ;  many  of  which 
articles  are  quadrangular  and  flattened,  and  have  been  called  stearine- 

,iates,  though  they  are  not  proved  to  consist  of  that  or  any  other  un- 
lixed  fatty  substance.  Among  these  particles  each  cell  has  a  central 
ucleus,  which,  however,  is  at  first  much  obscured  by  them.  The 

•  evelopnient  of  these  embryo-cells  into  the  complete  form  of  the  cor- 
puscles is  effected  by  the  gradual  clearing-up,  as  if  by  division  and 
quefaction,  of  the  contained  particles,  the  acquirement  of  blood-colour 
ad  of  the  elliptical  form,  the  flattening  of  the  cell,  and  the  more  pro- 
:  ihient  appearance  of  the  nucleus."  The  process  appears  to  be  essentially 

ie  same  in  the  Fish,  the  Reptile,  and  the  Bird ;  but  it  takes  place  too 

ipidly  in  the  latter  class  for  its  stages  to  be  clearly  distinguished;  whilst 

:  thetadpole  the  changes 

:cur  so  slowly  that  they 

nbe  traced  in  the  blood 
k  'en  while  it  circulates, 
t  he  history  of  the  deve- 
lopment of  the  first  set 

•  red  corpuscles  in  Mam- 
'■  alia  in  which  a  nu- 
i  eus  is  invariably  pre- 
;  °t,  is  nearly  the  same. 
\  i  the  earliest  condition 

90)  the  nuclei  ap- 
to  be  destitute  of 
i  envelope,  contain  nu- 
2oli,  and  present  all  the 
aracters  of  pale  ele- 
entary  cells,  whilst  they 
e  so  numerous  as  to  give  the  blood  a  whitish  hue.  When  more  fully 
'-veloped  they  acquire  a  cell  wall  and  a  reddish  hue,  and  at  a  still  later 
lge,  as  seen  in  the  human  embryo,  they  are  described  by  Mr.  Paget  as 

*  This  account  is  cited  from  Messrs.  Kirkes  and  Paget's  "  Handbook  of  Physiology," 
lean,  (pp  69-75),  in  which  it  appears  as  an  abstract  of  a  part  of  Mr.  Paget's 
ciures  on  the  '  Life  of  the  Blood,'  delivered  at  the  College  of  Surgeons  in  1848. 
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Blood-oorpuscles  of  the  early  embryo  of  a  Mammalian 
Animal  (Mouse).  At  a,  four  of  the  red  corpuscles  lying  flat,; 
b,  free  colourless  globules  similar  to,  but  rather  larger  than,  the 
nuclei ;  c,  red  corpuscles  devoid  of  nuclei,  somewhat  smaller 
and  more  unequal  in  size  than,  but  in  other  respects  similar  to, 
those  of  the  mother ;  at  d,  the  corpuscles  of  a  showing  their 
nuclei  very  distinctly  after  removal  of  their  colouring  matter  by 
water. 
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"  circular,  thickly  disc-shaped,  fall-coloured,  and,  on  an  average,  about 
l-?500th  of  an  inch  in  diameter;  their  nuclei,  which  are  about  l-500th 
of  an  inch  in  diameter,  are  central,  circular,  very  little  prominent  on  the 
surfaces  of  the  cell,  and  apparently  slightly  granular  or  tuberculated. 
In  a  few  instances,  cells  are  found  with  two  nuclei ;  and  such  cells  are 
usually  large  and  elliptical,  with  one  of  the  nuclei  near  each  end  of  the 
long  axis."    This  partition  of  the  nucleus  appears  to  be  preliminary  to 
the  subdivision  of  the  entire  cell  which  has  been  noticed  by  Prof.  Kbl- 
liker.*    According  to  Mr.  Gulliver,']'  these  large  nucleated,  embryonic, 
red  corpuscles  in  Man  and  the  higher  Mammalia  must  be  regarded  as 
the  true  homologues  of  the  ordinary  nucleated  red  corpuscles  of  mature 
oviparous  Vertebrata,  adding  another  to  the  many  examples  already 
known  of  a  temporary  structure  in  the  higher  animals,  corresponding 
to  a  permanent  one  in  the  lower  series.    It  is  particularly  worthy  of 
remark,  also,  that  in  the  very  earliest  period  pale  nuclei  destitute  of  an 
envelope,  but  containing  nucleoli,  are  very  abundant,  giving  that  whitish 
hue  to  the  blood  which  was  long  ago  observed  by  GlissonandNeedham; 
these  appear  to  be  analogous  to  the  pale  globules  of  the  blood  of  adultj 
Vertebrata;  and  to  the  characteristic  corpuscles  of  the  blood  of  many! 
Invertebrata ;  u  so  that  in  its  course  towards  the  highest  type,  there! 
are  temporary  phases  in  which  the  blood  of  the  Mammal  is  analogous  orj 
homologous  to  the  permanent  states  of  the  blood  of  Invertebrate  and  of] 
Oviparous  animals  respectively." — When  the  Liver  begins  to  be  formed] 
this  multiplication  of  blood-cells  in  the  entire  mass  of  the  blood  ceases!' 
and  in  a  short  time  all  trace  of  the  development  of  the  red  out  of  thej 
original  colourless  formative  cells  is  lost;  whilst,  on  the  other  handJ 
there  takes  place  in  the  vessels  of  the  liver  a  new  production  of  colour-l 
less  nucleated  cells,  which  are  formed  around  free  nuclei,  and  which 
undergo  a  gradual  change  (by  the  development  of  colouring-matter  ir 
their  interior)  into  red  nucleated  cells  resembling  those  of  the  firsi 
brood.    According  to  Kblliker, J  this  new  formation  of  blood-corpuscles 
in  the  liver  continues  to  take  place  during  the  whole  of  the  foetal  lift ! 
of  Mammalia,  as  in  the  chick  of  Birds  during  incubation.  Whethe: 
these  nucleated  cells  themselves  undergo  a  transformation  into  the  non 
nucleated  discs  characteristic  of  Mammalia,  which  constitute  a  gradually 
increasing  proportion  of  the  corpuscular  components  of  the  blood  durinj  4 
the  latter  period  of  embryonic  life,  or  whether  these  are  formed  only  b;  r 
the  metamorphosis  of  lymph-corpuscles,  has  not  yet  been  ascertained. 

179.  That  after  the  Chyle  and  Lymph  have  begun  to  flow  into  th  > 
circulating  current,  the  continued  generation  of  Bed  corpuscles  is  due  tl  J 
the  progressive  metamorphosis  of  the  corpuscles  of  those  fluids,  is  at  1 
opinion  which  has  come  of  late  to  be  very  generally  received  among!  j 
Physiologists ;  it  may  be  found,  however,  to  require  some  modification^  I 
It  rests  upon  facts  of  three  different  orders  : — 1st,  the  presence,  in  tntl 
blood  of  oviparous  Vertebrata,  of  corpuscles  exhibiting  what  appear  If  i 
be  intermediate  gradations  of  development  between  Lymph-corpuscl*  (j 
and  their  nucleated  Bed  corpuscles ;  and  this  especially  in  blood  in  whici  I 

*  See  his  Memoir,  '  Ueber  die  Bliitkorperchen  eines  menschlichen  Embryo,  &c->|  , 
"Zeitscbrift  fur  Ration.  Med.,"  1846;  and  bis  "Manual  of  Human  Histologl  I 
^Sydenham  Society's  edition),  p.  342.  J 

t  Lecture  i.,  "  Med.  Times  and  Gaz.,"  vol.  ii.  1862,  p.  103.        t  Op.  cit.  p-  a*M 
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q  unusually  rapid  development  of  red  corpuscles  is  taking  place,  to 
lake  up  for  previous  loss  ;  2nd,  frequent  ruddiness  in  the  hue  of  the 
uid  of  the  Thoracic  duct,  which  seems  to  depend  upon  the  incipient 
evelopment  of  Haemoglobin  in  some  of  its  floating  corpuscles ;  and  3rd, 
le  progressive  transition  from  one  form  to  the  other,  which  may  be  ob- 
?rved  in  the  ascending  scale  of  animal  existence.  To  these  considera- 
ons  may  be  added,  the  absence  of  any  other  mode  of  production  that 
an  be  suggested ;  since  the  idea  of  the  self-multiplication  of  the  Red 
orpuscles  is  almost  certainly  erroneous,  and  no  special  organ  can  be 
ssigned  as  the  seat  of  their  generation.  As  to  the  precise  mode,  how- 
yer,  in  which  the  non-nucleated  Red  corpuscles  of  Mammalian  blood  are 
reduced,  much  difference  of  opinion  still  exists.  The  most  probable  view 
i  that  the  ordinary  lymph  globule,  which  is  a  nucleus,  may  either  deve- 
)pe  into  a  white  corpuscle,  which  is  a  nucleated  cell,  or  into  a  red  cor- 
uscle.*  Mr.  Wharton  Jones  still  holds  the  view  originally  maintained  by 
lewson,  that  the  red  corpuscles  of  Mammalia  proceed  from  the  nuclei  of 
ae  pale  corpuscles ;  and  it  is  almost  certain  that  amongst  the  apyrenae- 
lata  the  entire  white  corpuscle  does  not  become  the  red  corpuscle,  though 
arious  observers  have  shown  that  the  pale  nucleated  cells  of  the  pyrenas- 
aata  do  pass  into  the  coloured  nucleated  red  corpuscle  of  this  section  of 
ertebrata.  Thus  this  difference  in  the  mode  of  development  would 
ppear  as  remarkable  as  the  difference  in  the  perfect  structure,  already 
escribed,  of  the  red  corpuscles  of  these  two  main  divisions  of  Verte- 
rata.  And  thus  also  the  Chyle  and  Lymph  seem  to  be  continually 
implying,  not  merely  the  pabulum  for  organization  derived  from  the 
jod,  whereby  the  components  of  the  liquid  part  of  the  blood  are  re- 
lenished  as  fast  as  they  are  withdrawn ;  but  also  the  rudimentary  cor- 
'  uscles  which  are  to  be  progressively  metamorphosed  into  the  particles 
lat  float  in  its  current. 

180.  Composition  of  the  Blood. — The  morphological  or  formed  ele- 
lents  of  the  Blood  having  been  thus  separately  described,  we  have  now 
o  inquire  into  the  chemical  characters  of  the  various  components  which 
re  associated  in  the  liquid  as  a  whole,  and  the  proportions  in  which  they 
everally  present  themselves.  These  are  subject,  even  within  the  limits 
f health,  to  considerable  variations;  some  of  which  seem  to  depend 
pon  the  constitution  of  the  individual,  his  diet,  mode  of  life,  &c. ; 
whilst  others  are  probably  referable  to  the  period  at  which  the  last  meal 
'as  taken,  and  the  amount  of  bodily  exertion  made  within  a  short  time 
revious  to  the  analysis.  Hence  no  single  analysis  could  represent  the 
verage  composition  of  the  blood,  even  if  it  were  itself  chemically 
ecurate ;  but  there  are  difficulties  in  the  way  of  quantitatively  de- 
ermining  with  precision  the  several  components  of  the  blood,  which 
iterpose  a  new  source  of  uncertainty  and  error.  Notwithstanding  the 
!  umerous  investigations  which  have  been  made  upon  the  Blood,  the 
leans  of  separating  the  several  constituents  are  not  sufficiently  exact  to 
;  nable  us  to  arrive  at  more  than  an  approximative  estimate  of  their 
espective  proportions.  The  marked  discrepancy  observable  between 
ae  results  obtained  by  different  analysts,  especially  in  regard  to  the 
elative  proportions  of  Albumen  and  Corpuscles,  arises  in  great  degree 
■  om  the  difference  of  the  methods  of  analysis  employed,  as  has  been 
*  See  Dr.  Bennett,  "Laucet,"  vol.  i.  1863,  p.  378. 
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proved  by  M.  v.  Gorup-Besanez.*  For  he  found  that  when  four  samples 
of  the  same  blood  were  examined  by  the  methods  adopted  by  four 
different  experimenters  respectively,  the  results  were  as  follows.  The 
first  specimen  was  the  blood  of  a  vigorous  man  fifty  years  old. 

^ft  H5fle-  Besanez." 

Water   796"93  796  93  796*93  79693 

Solid  matters   203-07  203  07  203-07  203-07 

Fibrin   195  1*95  1  95  1  95 

Corpuscles   115-16  11782  103  23  10323 

Albumen   58*82  63*87  5084  70-75 

Extractive  matters  and  salts  27*14  19-43  47*05  27*14 

The  second  specimen  was  from  a  robust  man  twenty  years  old : — 

Scherer.         Bf^Tl  Hofle.  ^-Gorup- 

•        and  Hodier.  Besanez. 

Water   783-63  783  63         783  63  783-63 

Solid  matters  216*37  216-37  216-37         216  37 

Fibrin   1*56  1*56  1-56  1  56 

Corpuscles  "  .  11354  131-52  115  12  11512 

Albumen   64-32  65-91  51'76  6274 

Extractive  matters  and  salts  36-95  17  38  47*93  36-95 

181.  We  have  now  to  notice  those  less  prominent  components  of  the 
Blood  which  have  not  been  hitherto  described  in  detail.    Under  the 
general  head  of  Fatty  Matters  are  included  several  different  kinds  of 
fat ;  of  which  the  most  important  are  the  saponifiable  fats,  stearine, 
palmitin,  and  olein ;    the  phosphorized  fats,  or  glycerin-phosphoric 
acids,  which  appear  to  originate  from  the  decomposition  of  protagon 
(§  53)  in  the  blood,  and  choiesterine.    The  proportion  of  the  saponi- 
fiable fats  is  always  considerably  increased  after  food,  the  increase  pro- 
ceeding from  the  entrance  of  the  oleaginous  chyle  (§  146).   The  kind  of 
food  will,  however,  of  course  materially  affects  the  quantity  of  fat  con- 
tained in  the  blood.     Nasse  found  2*6  parts  of  fat  in  1000  of  the  blood 
of  a  dog  that  had  been  kept  fasting  for  4  days.    After  bread  diet  it 
rose  to  3*1  parts,  after  meat  to  3*8,  and  after  suet  and  starch  to  4*1  parts 
in  1000. — The  following  table  represents  the  mean,  maximum,  and 
minimum  amounts  of  fatty  substances  in  the  healthy  blood  of  Man  (the 
proportion  in  that  of  the  female  being  almost  precisely  similar),  accord- 
ing to  the  analyses  of  MM.  Becquerel  and  Rodier  : — 

Mean.  Max.  Min. 

Saponified  fat                         1-004  2*000  '700 

Phosphorized  fat   ...    .       -488  1  '000  "270 

Choiesterine                            -088  -175  -030 

Serolin                                     *020  "080  inappreciable. 

The  source  of  the  peculiar  odour  of  the  blood,  is  probably  a  volatile 
fatty  acid,  too  minute  in  its  amount  to  admit  of  being  separately  esti- 
mated. This  odour  may  be  made  much  more  apparent  by  treating  the 
blood  with  sulphuric  acid,  even  after  it  has  been  long  dried ;  and  in  all 
those  animals  which  are  "readily  distinguishable  by  their  odorous  ema- 
nations, it  may  thus  be  made  so  perceptible  as  to  admit  of  their  blood  j 
being  distinguished  (at  least  by  an  individual  possessed  of  a  delicate  j 
*  "  Journ.  fur  Piakt.  Cheni.,"  Bd.  i.  p.  346. 
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sense  of  smell)  through  its  scent  alone.  Of  this  test,  use  has  been  made 
,vith  great  advantage  in  juridical  investigations.* 

182.  Under  the  vague  term  Extractive,  have  been  included  many 
lifferent  substances  which  normally  present  themselves  in  only  very 
small  quantity,  and  which  are  consequently  very  difficult  of  detection  ; 
)ut  which  are  extremely  important  in  a  physiological  point  of  view,  as 
he  chief  '  factors'  (to  use  the  appropriate  designation  of  Prof.  Lehmann) 
n  the  metamorphosis  of  animal  tissue,  both  progressive  and  retrograde. 
imongst  the  latter,  Urea,  Creatine,  Creatinine,  Uric,  Hippuric  and 
jactic  Acids,  Leucine,  Tyrosin,  and  Hypoxanthin  (or  Sarkin),  may  be 
.  mrticularly  mentioned.    Besides  the  foregoing,  the  extractive  of  blood 
generally  seems  to  contain  Sugar,  or  an  amyloid  substance  (Pavy),  that 
a  waiting  for  elimination  by  the  respiratory  process,  this  substance 
>eing  found  most  abundantly,  however,  in  the  blood  of  the  hepatic 
•ein,  vena  cava,  and  pulmonary  artery.    As  might  be  expected,  the 
>roportion  of  sugar  in  the  blood  is  greatly  affected  by  the  diet  of 
he  animal. — The  very  small  amount  in  which  the  Blood-constitu- 
.  nts  of  this  class  normally  present  themselves,  is  readily  accounted- 
or  by  the  fact,  that  they  are  only  en  route  between  the  tissues  and  the 
.  xcretory  organs  which  are  destined  for  their  elimination ;  so  that  as  long 
s  the  disintegrating  processes  taking  place  in  the  former  are  balanced 
as  they  should  be)  by  the  activity  of  the  latter,  these  substances  are 
i  withdrawn  from  the  blood-current  as  fast  as  they  are  introduced  into 
fe,  and  no  sensible  accumulation  will  occur.    It  can  scarcely  be  doubted 
bat  the  more  attentive  study  of  this  part  of  the  blood,  prosecuted  upon 
j  irge  quantities  at  once,  will  be  attended  with  the  discovery  of  many 
lets  that  would  throw  great  light  upon  the  Chemistry  of  the  histo- 
tenetic  operations,  and  of  the  retrograde  metamorphoses  of  the  effete 
i  laterials  of  the  tissues. 

p  183.  No  list  of  the  Inorganic  Constituents  of  the  Blood  which  has  yet 
i  3en  given  expresses  the  precise  mode  in  which  they  are  grouped  to- 
other. The  proportion  which  the  Carbonates  bear  to  the  Phosphates, 
rowever,  seems  to  be  small  in  human  blood  ;  as  is  shown  by  the  follow- 
i  ig  table,  founded  on  the  analysis  of  Verdeil,!  of  the  percentage  com- 
jsition  of  the  ash  of  the  blood,  after  deducting  the  carbon  still  contained 
I  it:— 


lan. 

NaCl. 

NaO 

KO 

MgO 

S03HO 

po6 

3CaO 

pos 

Fe2Os 

co2 

+ 
•§  • 

61-99 
55-63 

2-03 
6-27 

1270 
11-24 

0-  99 

1-  26 

1-70 
1  64 

7-48 
9-74 

355 
3-21 

8-06 
8-68 

1-43 
0-95 

Carnivorous  animals  the  Phosphates,  in  Herbivorous  the  Carbonates, 
e  in  excess,  which  is  obviously  related  to  the  difference  of  their  diet. 
ie  proportion  of  Chloride  of  Sodium  in  both  classes  exhibits  a  remark- 
le  constancy.  The  normal  presence  of  various  metals  in  the  blood 
s  been  alternately  admitted  and  denied.     Iron  is  unquestionably 

*  See  M.  Ban-uel's  researches  on  this  subject  in  "Ann.  d'Hygiene,"  &c.  toni.  i.  ii.  x. 

[  "Ann.  derChem.  und  Pharm.,"  Bd.  lxix.  p.  89. 

-  Man,  forty-five  years  old,  suffering  from  weak  digestion. 

:  Woman,  twenty-two  years  old,  sanguineous  temperament. 
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always  present,  and  amounts  to  0*42  per  cent,  of  the  hemoglobin 
present.*  Millonf  found  in  100  parts  of  the  insoluble  residue  of  the 
ash  of  blood  1  to  3  parts  of  silicium,  1  to  5  parts  of  lead,  0'5  to  2-5 
parts  of  copper,  and  from  10  to  24  parts  of  manganese.J 

184.  We  have  now  to  inquire  into  the  principal  modifications  which 
the  relative  proportions  of  these  constituents  undergo  in  the  state  of 
health,  under  the  influence  of  varying  conditions  of  the  system ;  and 
notwithstanding  the  want  of  absolute  correctness  in  the  analyses  of  which 
we  are  at  present  in  possession,  those  that  are  made  by  similar  methods 
give  results  sufficiently  trustworthy  to  enable  them  to  be  compared  to- 
gether, and  thus  to  give  a  tolerably  correct  indication  of  the  circum- 
stances which  determine  the  increase  or  diminution  in  the  principal 
components  of  the  Blood. — The  first  of  these  modifying  conditions 
which  requires  special  notice  is  Age.  During  the  latter  part  of  fetal  I 
life,  the  blood  is  remarkably  rich  in  solid  contents,  as  appears  from  the  | 
following  comparative  analyses  of  Denis  :§ — 

Venous  Blood  of  Mother.   Blood  of  Umbilical  Artery.||  I 

Water   781-0    701-5 

Solid  constituents   219-0    298*5 

The  larger  quantity  of  solid  constituents  in  the  blood  of  the  foetus  is 
chiefly  due  to  the  increased  proportion  of  corpuscles,  which  appears  to  I 
continue  for  a  short  time  after  birth ; .  but  it  gradually  diminishes ;  andl 
the  whole  amount  of  solid  matter  in  the  blood  seems  to  fall  to  its  lowestj 
point  during  the  period'  of  childhood.    Towards  the  epoch  of  puberty,! 
however,  the  amount  of  solid  matter  increases  again,  the  chief  augmen-| 
tation  being  in  the  corpuscles;  and  it  remains  at  a  high  standard 
during  the  most  vigorous  period  of  adult  life,  after  which  it  begins 
decline.    This  is  made  apparent  in  the  following  table,  deduced  fror 
the  analyses  of  Denis,  which  are  confirmed  by  those  of  Lecanu  anc 
Simon  — 

Solid  Constituents. 

In  5  individuals  between  5  months  and  10  years     .    .    .  170 
13        „  „       10  years     and  20    ,   200 

11  „  „       20    „  30    ,   240 

12  „  „       30    „  40    ,   240 

6        „  „       40    „  50    240 

8        „  „       50    „  60    „  .    .    .    .  220 

2        „  „       60    „  70    „  .    .    .    .  210 

185.  An  appreciable  difference  exists  between  the  blood  of  the  t 
Sexes  ;  that  of  the  male  being  from  12  to  20  per  cent,  richer  in  solid  c( 
tents  than  that  of  the  female,  the  excess  being  particularly  observable  i| 
the  proportion  of  the  corpuscles.  There  is  no  doubt,  also,  that  the  proporl 

*  See  Fudakowski,  "  Centralblatt  f.  d.  Medicin.  Wiss.,"  1866,  p.  705. 
t  "  Annal.  de  Chim.  et  de  Phys."  aer.  iii.  t.  xxiii.  p.  372. 

t  Melsens  ("  Annal.  de  C.  et  de  P.  "  xxiii.  p.  358)  denies  the  presence  of  copperaif 
lead ;  and  Be'champ  ("  Journ.  de  la  Phys."  I860,  vol.  iii.  p.  211)  appears  to  think  tlj 
occurrence  of  all  or  any  of  these  metals  to  be  merely  accidental. 

§  "  Kecherches  Experimentales  sur  le  Sang  humain,"  and   Simon's  "Ammj 
Chemistry,"  vol.  i.  p.  238;  see  also  Panum,  Virchow's  "Archiv,"  1864,  Bd.  xxiii 
p.  481.  I 

I  Which  has  been  shown  by  Poggiale  to  be  identical  with  that  of  the  body  of  Icetl  j 
("  Comptes  Eendus,"  t.  xxv.  p.  198). 

]f  "Animal  Chemistry,"  vol.i.  pp.  237-239. 
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>ns  of  the  constituents  vary  considerably  with  individual  temperament 
d  constitution ;  the  proportion  of  the  whole  solid  constituents,  and 
pecially  of  the  corpuscles,  being  considerably  greater  in  individuals 

the  plethoric  or  '  sanguineous'  temperament  than  in  persons  of  the 
emphatic'  temperament ;  and  it  appears  from  the  analyses  of  Lecanu,* 
it  the  sexual  difference  in  the  blood  almost  disappears,  when  the 
jod  of  males  and  of  females  of  the  latter  temperament  is  compared. 
18G.  A  considerable  influence  is  exercised  on  the  entire  amount,  and 
.  the  relative  proportions,  of  the  constituents  of  the  Blood,  by  the 
evious  ingestion  of  Food  or  Drink,  and  by  the  Diet  habitually 
mloyed.  When  a  full  meal  containing  oily  matter  is  taken  after  a 
ag  fast,  and  a  small  quantity  of  blood  is  drawn  previously  to  the 
•al  and  at  intervals  subsequently,  the  serum,  though  quite  limpid  in 
e  blood  first  drawn,  shows  an  incipient  turbidity  about  half  an  hour 
;erwards ;  this  turbidity  increases  for  about  six  hours  subsequently, 
:;er  which  it  usually  begins  to  disappear.  The  period  at  which  the 
^coloration  is  the  greatest,  however,  and  the  length  of  time  during 
lich  it  continues,  vary  according  to  the  kind  and  quality  of  the  food, 
d  the  state  of  the  digestive  functions.  When  such  milky  serum  is 
amined  with  the  Microscope,  the  opacity  is  found  to  be  due  to  the 
esence  of  an  immense  number  of  exceedingly  minute  granules,  iden- 
:al  with  those  which  form  the  '  molecular  base'  of  the  chyle  (§  146). 
ley  seem  to  be  composed  of  two  chemically-distinct  substances ;  for 
len  the  milky  serum  is  agitated  with  ether,  a  part  is  dissolved,  whilst 
other  portion  remains  suspended ;  and  this  latter  is  soluble  in  caustic 
tass.  The  former,  therefore,  appears  to  be  identical  with  the  '  mole- 
lar  base'  of  the  Chyle,  and  to  be  of  an  oily  or  fatty  nature  ;  whilst  the 
;ter  belongs  to  the  protein-compounds,  and  probably  constitutes  the 
ptogen  membrane  of  Ascherson,  by  which  all  fatty  particles  floating  in 
.  albuminous  fluid,  immediately  become  invested.    The  Crassamentum 

such  blood  often  exhibits  a  pellucid  fibrinous  crust,  sometimes 
erspersed  with  white  dots ;  and  this  seems  to  consist  of  an  imperfectly- 
:>imilated  protein-compound,  analogous  to  that  found  in  the  serum. 
ie  quantity  of  this  varies  according  to  the  amount  of  the  protein- 
;mpounds  present  in  the  food. — The  increase  of  saccharine  matter  in 
i  blood  (in  which  it  forms  part  of  the  <  extractive'),  after  the  inges- 
n  of  a  large  quantity  of  saccharine  or  farinaceous  aliment,  has  been 
ticed  by  many  experimenters.    Its  proportion  differs  much  in  dif- 
'ent  parts  of  the  body  (chap.  xi.  sect.  2).  It  might  be  fairly  presumed 
it  a  temporary  augmentation  must  take  place  in  the  aqueous  con- 
tuent  of  the  blood,  whenever  any  considerable  quantity  of  liquid  is 
jested;  and  yet  this  augmentation  is  much  less  considerable,  under 
linary  circumstances,  than  we  should  at  first  be  inclined  to  suppose, 
r  there  exist  various  provisions  in  the  system  (the  peculiar  Mal- 
I  ;hian  apparatus  of  the  Kidneys  being  the  chief)  for  rapidly  freeing  the 
j  »od  from  any  superfluity  of  water  ;  and  thus  any  excess  of  fluid 
horbed  is  speedily  drawn-off  again.    But  further,  it  is  certain  that 
j  en  the  vessels  are  already  filled,  absorption  does  not  take  place  with 
irly  the  same  readiness  as  after  long  abstinence  from  liquids  (§  130)  ; 

'  voM^p8  236nii(1UeS  surleSaDShumain»"  P- 66i  and  Simon's  "Animal  Chomis- 


220 


OF  THE  BLOOD; 


the  rate  of  absorption  being  in  great  degree  governed  by  that  at  which  ! 
the  liquid  is  disposed  of.  The  influence  of  the  Regimen  upon  the  com-  J 
position  of  the  blood,  however,  appears  to  be  more  definite  and  constant.  ! 
An  animal  diet  tends  to  increase  the  whole  amount  of  solid  matter,  but 
especially  to  augment  the  proportion  of  corpuscles.  1  On  the  other  hand,  I 
a  vegetable  diet  tends  to  lower  the  whole  amount  of  solid  matter,  occa-  [ 
sioning  a  marked  reduction  in  the  corpuscles,  whilst  it  seems  rather  to  I 
increase  the  albumen  ;  thus  showing  that  the  decrease  in  the  corpuscles  I; 
is  not  due  to  a  deficiency  in  the  azotized  pabulum,  but  depends  on  some  I 
other  condition.  The  development  of  fibrin  appears  to  take  place  at  least  I 
as  readily  on  the  vegetable,  as  on  the  animal  regimen.  Hence  we  see  f 
what  may,  and  what  may  not,  be  effected  in  the  treatment  of  disease,  by  j 
the  adoption  of  a  particular  dietetic  system ;  for  we  may  promote  or  ( 
retard  the  development  of  the  red  corpuscles  by  the  employment  of  an  I 
animal  or  a  vegetable  regimen,  but  can  make  little  or  no  impression  I 
upon  the  fibrin.* 

187.  The  effects  of  Loss  of  Blood  and  of  Abstinence  are  very  similar  I 
in  their  nature.    Almost  as  soon  as  the  stream  begins  to  flow  from  a 
wounded  vessel,  there  seems  to  be  a  transudation  of  watery  fluid  from  ) 
the  tissues  into  the  current  of  blood ;  for  this  undergoes  a  rapid  dimi- 
nution in  density,  so  that  the  portion  last  drawn  is  of  lower  specific  j 
gravity,  and  contains  a  considerably  smaller  amount  of  solid  matter,  j 
than  that  which  first  issued.    The  principal  diminution  occurs  in  the 
proportion  of  red  corpuscles  ;  the  amount  of  fibrin,  albumen,  extractive  j 
and  saline  matters  and  fat,  being  only  slightly  affected,  j"    We  shall  find, 
indeed,  that  in  inflammatory  diseases  the  amount  of  fibrin  undergoes! 
an  extraordinary  increase  (§  198),  which  is  not  checked  in  the  slightest!!  J 
appreciable  degree  by  the  most  copious  venesection.    It  is  remarkable!  ; 
that  after  very  considerable  losses  of  blood,  a  decided  increase  shows!:  , 
itself  in  the  proportion  of  Colourless  corpuscles,  not  only  relativelw  \ 
(as  to  the  red)  but  absolutely  ;  so  that,  in  the  blood  of  a  Horse  front 
which  50  lbs.  have  been  previously  abstracted,  the  coloured  and  the!  , 
colourless  corpuscles  appear  to  exist  in  equal  numbers.  J 

188.  We  have  now  to  consider  the  differences  which  present  them-J  ; 
selves  in  the  composition  of  the  Blood  drawn  from  different  vessels  of  | 
the  same  body  ;  these,  it  is  obvious,  being  dependent  on  the  changes  tcj  I 
which  the  fluid  is  subjected,  during  its  passage  through  organs  that  will  . 
appropriate  or  change  its  several  constituents  in  an  unequal  degree!  I 
And  the  first  and  most  important  of  these  sets  of  differences,  is  thai  I 
which  exists  between  Arterial  and  Venous  blood.  The  analyses  alreadifl 
cited  having  been  made  chiefly  upon  the  latter,  it  will  be  sufficient  \ 
here  to  state  the  general  results  of  comparative  inquiries  into  the  coail? 
position  of  the  former.  The  quantity  of  solid  constituents  pertaininj  >■,?■ 
to  the  Corpuscles  is  smaller ;  they  contain  relatively  more  ha;nioglobita 

*  See  on  this  subject  the  treatise  of  M.  Emile  Marchand,  "  De  l'lnfluence  comparto 
tive  du  Rigime  Ve'gStal  et  du  Re'ginie  Animal  but  le  Physique  et  le  Moral  <*% 
l'Homme."  .  „  R,  •  , 

+  See  the  Observations  and  Analyses  of  Zimmerman  (Heller's  "  Archiv,"  Bd-.'J: 
p.  385);  Polli  ("  Med.-Chir.  Review,"  Oct.  1847);  S.  Davy  ("Anat.  and  Pbysi<|  i 
Researches,"  vol.  ii.  p.  28).  . 

t  Kblliker's  "Manual  of  Human  Histology"  (Sydenham  Society's  edit.),  ™L 
p.  330. 
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I  d  salts^  but  much  less  fat.    The  liquor  sanguinis  is  somewhat  richer 
|  Fibrin ;  but  it  contains  a  larger  proportion  of  water,  and  conse- 
I  ently  less  Albumen.  The  Fatty  matters  of  the  serum,  as  well  as  of  the 
I  -puscles,  are  considerably  diminished ;    on   the  other   hand,  the 
tractive  and  Saccharine  matters  are  decidedly  increased.    The  most 
I  narkable  difference  between  Arterial  and  Venous  blood,  however,  lies 
|  the  amount  of  gases  which  they  respectively  contain. 
-189.  Pneumatology  of  the  Blood. — The  Gases  contained  in  the  blood 
-  any  consist  of  Carbonic  acid  and  Oxygen.    A  small  proportion  of 
\  trogen  and  traces  of  Ammonia  are,  however,  constantly  present.  In 

0  volumes  of  blood  are  found  rather  less  than  50  volumes  of  these 
;es  collectively ;  but  their  total  quantity,  as  well  as  their  relative 
portions,  present  considerable  variations  in  different  parts  of  the 
ly.    From  the  results  of  numerous  recent  researches  the  conclusions 

\  y  be  drawn,  that  the  affinity  or  capacity  of  absorption  of  the  blood 
the  two  first-named  gases  at  least,  is  peculiar,  follows  laws  of  its 
i  n,  and  differs  materially  from  that  of  other  liquids.    If  we  compare 
L  for  instance,  with  water,  we  find  that  whilst  100  vol.  of  water  will 
e  up  2*97  vol.  of  Oxygen  at  standard  temperature  and  pressure,  the 
*ae  quantity  of  blood,  at  32°  F.,  will  absorb  from  16*882  vol.  to 
I*  794  vol.  ;*  and  the  amount  absorbed  appears  to  be  but  slightly 
'  'cted  by  the  degree  of  pressure  to  which  the  fluid  is  subjected, 
v.  ugh  according  to  the  experiments  of  Bernard"]"  it  varies  to  a  con- 
|  arable  extent  in  blood  drawn  from  different  regions  of  the  body, 
l-iis  whilst  100  vol.  of  arterial  blood  absorbed  8-9  vol.  of  Oxygen,  the 
le  quantity  of  blood  taken  from  the  Jugular  Vein  absorbed  16  vol., 
n  the  Right  Heart  21 -1  vol.,  and  from  the  Portal  Vein  30  vol.  of 
L  i  gas.    In  a  similar  manner,  whilst  100  vol.  of  water  will  absorb 
|">ut  100  vol.  of  Carbonic  acid  at  ordinary  temperature  and  pressure, 
r  yerj  found  that  100  vol.  of  fresh  defibrinated  blood  would  take  up 
|^-3  vol.  of  Carbonic  acid  at  48°  F. ,  the  quantity  increasing,  though 
1  in  direct  proportion,  with  the  pressure.    Even  as  regards  Nitrogen, 
|5  Blood  appears  to  possess  a  superior  power  of  absorption  than  pure 
§-:er,  100  vol.  of  the  latter  absorbing  at  ordinary  temperature  and 
S  3sure  about  1*5  vol.  of  nitrogen,  while  100  vol.  of  fresh  defibrinated 
J  od  deprived  of  gas  by  exhaustion  will  absorb  about  5  vol.  at  a  temp. 
It*  65°  F.  and  under  a  pressure  of  0*6  m.  (Setschenow).    It  is  very 
j'lent  then  that  the  absorption  of  these  gases  does  not  take  place 
I accordance  with  the  ordinary  law  established  by  Dalton  and  Henry, 
that  chemical  affinity  must  come  into  play ;  and  the  investigations  of 
■ver,  Fernet,  Heidenhain,§  Preyer,  andPfliiger,||  and  others  indicate  that 

1  carbonic  acid  present  in  the  blood  may  be  divided  into  two  portions, 
I  \rhich  one  follows  the  ordinary  law  of  absorption,  whilst  the  absorption 
I  he  other  is  only  explicable  on  the  supposition  of  there  being  certain 

■  I  stances  in  the  blood  for  which  it  possesses  a  strong  affinity,  and  with 

I  Setschenow,  '  Beitrage  zur  Pneumatologie  des  Blutes,'  "  Sitzungsbericht  d.  k. 

I  1.  d.  Wissens.,"  xxxvi.  1859,  p.  293.    See  also  Fernet,  "  Annal.  de  Scien.  Nat.," 

1  >,  torn.  viii.  p.  125. 

I  "  Lecons,"  1859,  torn.  i.  p.  282. 

I  "  Zeitschrift  f.  Hat.  Med.,"  Bd.  viii.  p  256. 

I  "Studien  des  Physiolog.  Inst,  zu  Breslau,"  1863,  p.  103. 

1  "  Centralblatt  f.  d.  Med.  Wiss.,"  1867,  Nos.  21  and  46. 
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which  it  enters  into  combination.  These  substances  appear  to  be  the 
carbonate  and  phosphate  of  soda  contained  in  the  liquor  sanguinis,  for 
dilute  solutions  of  both  these  salts  in  pure  water  exert  a  well-marked 
influence  in  increasing  the  quantity  of  carbonic  acid  which  can  be  ab- 
sorbed ;  in  the  former  case  a  bicarbonate  of  the  alkali  being  formed, 
and  in  the  latter  case  a  peculiar  double  salt,  represented,  according  to 
Fernet,  by  the  formula  P06  +  2  Na  0  HO  +  2  Co.*  As  regards  the 
Oxygen  contained  in  the  blood  there  seems  every  reason  to  believe 
that  it  is  chemically  combined  with  the  haemoglobin  of  the  red 
corpuscles  in  which  it  exists  in  the  active  or  ozonized  condition, 
and  from  which  it  can  be  abstracted  with  the  utmost  facility  by  reduc- 
ing agents,  such  as  the  sulphides  of  potassium,  ammonium,  and  hydro- 
gen, protoxide  of  nitrogen,  carbonic  oxide,  and  iron  filings.  The  haemo- 
globin, therefore,  plays  a  most  important  part  as  a  carrier  of  oxygen 
from  the  air  to  the  tissues,  the  affinity  of  which  for  ozone  is  still  greater 
than  that  of  haemoglobin.  One  gramme  of  haemoglobin  takes  up  from 
1*2  to  1*3  c.  cm.  of  oxygen,  carbonic  oxide,  and  protoxide  of  nitrogen  at 
standard  pressure  and  at  0°  O,  but  its  affinity  for  protoxide  of  nitrogen 
is  stronger  than  for  carbonic  oxide,  and  for  carbonic  oxide  than  for 
oxygen ;  so  that  by  presenting  blood  to  these  gases  in  that  order  they 
may  be  made  successively  to  replace  each  other.  The  importance  of 
the  absorption  of  oxygen  being  dependent  upon  chemical  affinity  and 
not  simply  upon  pressure  is  sufficiently  obvious  ;  since,  by  securing  the 
introduction  of  a  definite  proportion  of  this  gas,  it  enables  animal  life 
to  be  maintained  without  difficulty  at  all  altitudes,  and  under  the  most 
various  conditions  of  atmospheric  pressure. 

190.  The  actual  quantity  and  relative  proportions  of  the  gases  con- 
tained in  the  blood,  as  well  as  the  exact  ratio  of  the  combined  to  the  j 
simply  absorbed  gases,  is  still  a  matter  of  question.    The  following  | 
table  gives  the  most  recent  observations  on  this  subject :  f — 


Total  Quantity 
of  Gas  contained 
in  the  Blood. 

Carbonic  Acid. 

In  100  Vols. 

Free  Gas 

Oxygen. 

Nitrogen  ■ 

Free. 

Combined. 

•a 

o 
H 

Observer. 

Human  Blood  . 
Arterial  Blood  of 

48-20 

45-88 

16-41 

1-20 

28-27 

2-32 

30-59 

Setschenow 

Dog.    .    .  . 
Arterial  Blood  of 

46-22 

11-39 

4-18 

1-90 

30-08 

Schoffer. 

Dog.   .    .  . 
Arterial  Blood  of 

41-32 

9-88 

1-54 

29-90 

Nawrocki. 

Dog.    .    .  . 
Venous  Blood  of 

16-9 

1-4 

26.2 

Pfluger. 

same  animal  . 
Arterial  Blood  of 

4-15 

549 

29-32 

Schoffer. 

Dog.    .    .  . 
Arterial  Blood  of 

49-44 

46-90 

1505 

M9 

30-66 

2-54 

33-20 

Setschenow 

Cat  ...  . 

32-81 

9-92 

0-98 

21-91 

Hering. 

*  Heidenhain's  experiments  show  that  this  statement  only  holds  for  verj  dilute 
solutions. 

+  See  Henle  and  Meissner,  1857,  1859,  p.  303,  1860,  p.  330;  v.  Gorup-Besane 
"  Phys.  Cheinie,"  1862,  p.  322. 


ITS  PHYSICAL,  CHEMICAL,  AND  STRUCTURAL  CHARACTERS.  223 


The  percentage  proportion  of  the  gases  of  the  blood  amongst  them- 
I'lves,  .obtained  from  the  mean  of  seven  observations  of  Meyer  and 
ietschenow,  is — 

Oxygen   2820 

Nitrogen  .......      7* 10 

Carbonic  Acid   .    ....  64*70 


100*0 


i  all  experiments  made  to  determine  the  proportions  of  the  gases  of 
te  blood,  the  investigation  should  be  commenced  immediately  after  the 
lood  has  been  withdrawn ;  since  it  is  certain  that  the  quantity  of 
xygen  decreases,  and  of  carbonic  acid  increases,  with  considerable  ra- 
idity.  Thus  Felix  Nawrocki*  found  the  following  differences  in  two 
[ual  and  similar  portions  of  blood  drawn  at  the  same  time,  one  of 
hich  (i.)  was  examined  immediately,  and  the  other  (n.)  after  the 
ipse  of  24  hours,  the  mean  temperature  of  the  air  in  the  room 
eing  86°  F.  :— 


C02 

O 

N 


i. 

34*66 
7*72 
1*97 

44*35 


II. 

40*95 
1*02 
0*67 


42*64  Vol.  in  100  of  Blood. 


'rschmann*)-  found  no  remarkable  difference  in  the  relative  proportions 
'oxygen  and  carbonic  acid  in  blood  taken  at  the  same  time  from  diffe- 
nt  parts  of  the  arterial  system,  as  from  the  carotid  and  femoral  or  from 
ie  carotid  and  splenic  arteries,  but  the  variations  which  occur  in  the 
ious  blood  returning  from  muscles  at  rest  and  in  action,  as  compared 
th  the  arterial  blood  of  the  same  animal,  are  well  shown  in  the  fol- 
ding results  obtained  by  Sczelkow,^;  where  A  indicates  Arterial  blood, 
the  blood  returning  from  muscles  at  rest,  and  MA  that  returning 
~m  muscles  in  action : — 


Total  Gas. 

O 

N 

Free  COa 

Combined 
C02 

Total  C02 

A  43*515 
MR  40*450 
MA     37  069 

17*334 
7*5 
1*265 

1*636 
1*364 
0*923 

24*204 
31*036 
34*443 

0*341 
0*550 
0-438 

24-545 
31*586 
34*881 

other  experiments  Sczelkow  found  that  the  venous  blood  returning 
m  muscles  at  rest  contained  on  the  average  6*71  per  cent,  more  car- 
nic  acid  and  9  per  cent,  less  oxygen  than  arterial  blood,  whilst  that  re- 
nng  from  muscles  in  action  contained  an  excess  of  10*79  per  cent, 
carbonic  acid,  and  a  deficit  of  from  12  to  14  or  even  16  per  cent,  of 
gen ;  and  similar  results  were  obtained  by  Bernard.§ 
J  1.  The  increase  of  the  Fibrin,  which  seems  to  be  effected  during 
aeration  of  the  blood,  must  be  taken  as  an  indication  that  a  certain 

*  See  "Studien  des  Physiolog.  Institut,  zu  Breslau,"  1863,  p.  144. 

r  "  Archiv  f.  Anat.  u.  Physiol.,"  1866,  p.  502,  in  opposition  to  MM.  Estor  and  St. 

^rre,  Robin's  "Journal  de  l'Anatomie,"  1865,  p.  302. 

C  "  Sitzungsbericht  d.  Wiener  Akad.,"  Bd.  xlv.  1862. 

}  "  Lecons,"  vol.  ii.  1859,  p.  435. 
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part  of  the  oxygen  absorbed  from  the  air  is  made  directly  subservient 
to  changes  in  the  composition  of  the  circulating  fluid.  And  although 
the  differences  between  fibrin  and  albumen  lead  us  to  regard  the  pro- 
duction of  the  former  from  the  latter  as  rather  a  vital  than  a  chemical 
change,  yet  the  existence  of  the  difference  in  question  obviously  points 
to  the  presence  of  oxygen  as  a  condition  essential  to  its  performance ; 
and  this  inference  is  fully  confirmed  by  the  experiments  of  Dr.  Gairdner,* 
on  the  influence  of  the  respiration  of  pure  oxygen  on  the  production  of 
fibrin.  As  the  rabbit  was  on  many  accounts  the  most  convenient  warm- 
blooded animal  for  such  a  trial,  he  first  set  himself  to  determine  the 
normal  proportions  of  the  constituents  of  its  blood.  The  analysis  of 
the  blood  drawn  from  the  aorta  in  six  healthy  individuals,  yielded  the 
following  results : — 

Mean.  Max.  Min. 

Fibrin  ....  165  ...  2'00  ...  1-45 
Corpuscles.  .  .  82"35  ...  92  00  ...  70-00 
Albumen   .    .    .    46'30    ...    58  00    ...  37'20 

On  the  other  hand,  the  analysis  of  the  blood  of  three  individuals  which 
had  been  made  to  respire  pure  oxygen  for  half  an  hour,  gave  the  fol- 
lowing as  the  proportions  of  its  components  :— 

Mean.  Max.  Min. 

Fibrin    ....     240  ...  2  50  ...  2-30 

Corpuscles  .    .    .    6956  ...  75  00  ...  60-50 

Albumen    .    .    .    40'23  ...  4570  ...  35"00 

It  is  further  stated  by  Dr.  Gairdner, f  that  a  rabbit  having  been  kept  for 
half  an  hour  under  the  influence  of  an  electro-magnetic  current  be- 
tween the  chest  and  spine,  which  produced  a  great  acceleration  in  the 
respiratory  movements,  its  blood  was  found  to  contain  as  much  as  2-9 
parts  of  fibrin  in  1000.  J — The  larger  quantity  of  fibrin  in  arterial  blood 
of  itself  renders  its  coagulum  firmer  ;  but  independently  of  this  there 
would  seem  to  be  a  difference  in  the  quality  of  the  fibrin,  which,  when 
separated  by  stirring  or  whipping,  is  more  tenacious  and  compact  in 
arterial  than  in  venous  blood. 

192.  The  proportion  of  red  corpuscles  in  arterial  and  venous  blood 
respectively  has  been  variously  stated  by  different  observers,  and  we  may 
easily  conceive  it  to  be  affected  by  several  circumstances,  which  may 
produce  a  change  in  the  whole  proportion  of  the  solid  to  the  fluid  con- 
stituents of  the  blood  during  the  course  of  its  circulation.  Thus,  the 
discharge  of  the  contents  of  the  thoracic  duct  into  the  venous  system 
near  the  heart  will  tend  to  dilute  the  blood  of  the  pulmonary  and  ar 
terial  circulation ;  whilst,  conversely,  the  escape  of  the  watery  part  o 
the  blood  by  the  renal  and  cutaneous  secretions,  and  by  transudation! 
into  the  tissues  which  takes  place  during  its  passage  through  the  sys-j 
temic  capillaries,  will  tend  to  augment  the  proportions  of  the  solids  ol| 
the  blood  drawn  from  the  systemic  veins.  On  the  other  hand,  if  the 
discharge  of  fluid  from  the  thoracic  duct  be  suspended,  and  the  amount) 

*  Treatise  "  On  Gout,"  2nd  edit.,  pp.  153-4.  f  Op.  cit.  p.  183. 

%  More  recently  Mr.  A.  H.  Smee  ("  Proceedings  of  tbe  Royal  Society,"  1863),  and 
v.  Gorup-Besanez  ("  Physiolog.  Chemie,"  1862,  p.  137)  have  stated  that  they  hav<j 
obtained  a  fibrin-like  substance  ;  the  former,  by  transmitting  Oxygen,  and  the  lattej 
Ozone,  through  an  albuminous  fluid. 
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absorbed  from  the  tissues  during  the  systemic  circulation  should  exceed 
that  which  is  transuded  (as  appears  sometimes  to  happen,  §  187),  then 
the  proportion  of  solid  matter  will  be  less  in  venous  than  in  arterial 
blood. — No  such  explanation  will  apply,  however,  to  the  very  marked 
differences  exhibited  in  Dr.  Gairdner's  experiments  just  cited,  between 
the  proportions  of  red  corpuscles  and  of  albumen  in  the  ordinary  ar- 
terial blood  of  rabbits,  and  in  that  of  the  individuals  whose  blood  had 
been  hyper-arterialized ;  the  sum  of  the  averages  in  the  former  case 
being  128-65,  and  in  the  latter  109*79,  the  difference  of  which  is  18-86, 
or  nearly  one-seventh  of  the  larger  amount.  Still,  that  this  difference  is 
in  great  part  due,  rather  to  dilution  of  the  blood,  than  to  the  absolute 
diminution  in  its  entire  amount  of  red  corpuscles  and  of  albumen,  would 
seem  probable  from  the  fact  that  their  relative  amount  is  almost  exactly 
the  same  in  the  two  cases,  the  proportion  of  corpuscles  to  albumen  being 
T78  :  1  in  the  normal  blood,  and  1*72  :  1  in  the  oxygenated.* 

193.  The  difference  in  the  colour  of  arterial  and  of  venous  blood  is 
undoubtedly  due  to  the  different  absorptive  powers  on  light  possessed  by 
blood  charged  respectively  with  oxygen  and  carbonic  acid.  Venous  blood 
recently  taken  from  the  living  animal,  and  containing  only  a  small  amount 
of  oxygen,  is  dark,  and  in  thin  layers  dichromatic,  whilst  its  spectrum 
is  materially  different  from  that  of  arterial  blood  into  which  it  is  imme- 
diately changed,  becoming  brighter  and  monochromatic  on  shaking  it 
with  air  or  oxygen.  The  change  in  colour  which  results  from  the  addi- 
tion of  certain  reagents  to  the  blood  is,  however,  partly  to  be  attributed  to 
an  alteration  in  the  form  of  the  corpuscles,  the  tint  being  darkened  by 
whatever  tends  to  distend  the  corpuscles,  so  as  to  render  them  flat  or 
biconvex,  whilst  it  is  brightened  by  whatever  tends  to  empty  them,  so  as 
to  render  them  more  deeply  biconcave.  Thus  arterial  blood  is  rendered 
dark  by  the  addition  of  water,  the  corpuscles  being  swollen  and  more  or 
less  deprived  of  their  colouring  matter.  Oxygen  will  not  then  restore 
the  form  of  the  corpuscles  or  the  bright  hue  of  the  blood,  but  this  is 
quickly  effected  by  the  addition  of  solutions  of  neutral  salts.  In  like 
manner  venous  blood  can  be  reddened  by  strong  saline  solutions,,  even 
without  the  contact  of  oxygen.  The  varying  circumstances  under 
which  either  arterial  or  venous  blood  may  be  at  one  time  dark 
and  at  another  scarlet  in  colour,  have  been  very  fully  discussed 
by  Wellsf  and  Bernard.^  The  latter  observes  that  in  the  Foetus, 
and  in  the  asphyxiated  animal,  the  blood  is  everywhere  dark  or 
venous.  On  the  contrary,  during  sleep,  in  the  hibernants  during  the 
period  of  repose,  and  in  animals  dying  by  anaemia,  the  blood  is  every- 
where scarlet  or  arterial.  With  high  temperatures  of  the  surrounding 
medium,  whether  this  be  air  or  water,  there  is  little  difference  in  the 
colour  of  the  two  kinds  of  blood,  the  arterial  being  less  and  the  venous 
more  florid  than  usual.§  The  difference  between  them  is,  on  the  other 
hand,  best  marked  in  cold  weather.    The  Blood  contained  in  the  veins 

f  f  I*  would  be  important  to  determine  the  comparative  amount  of  carbonic  acid,  and 
|  the  8°M8  of  the  urine,  excreted  in  the  same  time  by  two  sets  of  animals  placed 
|i  -inuer  these  very  diverse  conditions. 

J  "  Phil.  Trans.,"  1797.  %  "  Lecons,"  xi.  to  xix.,  185'9. 

i  i  ft  ,  m*D  account  of  Davy's  and  Crawford's  Experiments  in  Gulliver's  Lectures, 
|  Med.  Times  and  Gaz. »  1863,  vol.  i.  p.  1. 
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of  muscles  is  dark,  and  always  of  a  deeper  shade  in  proportion  to  the 
energy  and  duration  of  the  previous  muscular  contraction,  whilst  that 
returning  from  the  glands  is  always  brighter  in  proportion  to  the  activity 
with  which  secretion  is  being  performed ;  and  in  the  latter  instance,  with 
the  alteration  in  colour,  the  amount  of  fibrin  is  found  to  be  diminished, 
or  so  modified  as  to  form  a  softer  clot,  from  which  a  larger  quantity  of 
serum  separates.  It  is  remarkable  that  if  the  dark-coloured  clot  of 
ordinary  venous  blood  be  immersed  in  the  serum  of  the  scarlet  venous 
blood,  it  rapidly  assumes  a  brighter  tint,  and  conversely  the  clot  of 
scarlet  venous  "blood  changes  to  a  dark  colour  when  immersed  in  the 
serum  of  deep-coloured  venous  blood ;  from  which  we  may  conclude 
that  the  primary  changes  are  effected  upon  the  Liquor  Sanguinis,  and 
not  upon  the  corpuscles.  The  influence  of  the  Nervous  System  in  in- 
ducing alterations  in  the  colour  of  the  blood  returning  from  glands  has 
already  been  pointed  out  (§  99). 

194.  Although  no  difference  can  be  detected  between  samples  of  blood 
drawn  from  various  parts  of  the  Arterial  system  of  the  same  animal,  very  I 
important  variations  exist,  as  might  be  expected,  in  the  composition  of  f 
the  blood  drawn  from  the  several  parts  of  the  Venous  system ;  since  the 
changes  to  which  it  has  been  subjected  in  the  several  organs  through  which 
it  has  passed,  are  of  a  very  diversified  character.  The  blood  of  the  Vena 
Porta3,  for  example,  differs  considerably  from  the  blood  of  the  Hepatic 
vein,  and  both  of  these  differ  from  the  blood  of  the  Jugular.  So,  again,  the 
blood  of  the  Splenic  as  well  as  that  of  the  Eenal  vein  differs  from  all 
the  preceding.  The  most  important  and  best-established  of  these  diversi-  j 
ties  will  now  be  enumerated. — In  speaking  of  the  composition  of  the 
blood  of  the  Vena  Porta,  it  must  be  remembered  that  this  consists  of 
two  very  distinct  factors,  namely,  the  blood  of  the  Gastric  and  Mesenteric 
veins,  and  the  blood  of  the  Splenic  vein ;  the  former  having  been  altered  i 
by  the  introduction  of  solid  and  liquid  alimentary  matters,  and  the  latter 
by  its  circulation  through  the  spleen.  These,  therefore,  ought  to  be 
separately  studied  ;  and  this  has  been  done  by  M.  Jules  Beclard.*  The] 
characters  of  the  blood  returning  by  the  Gastric  and  Mesenteric  veins  | 
from  the  walls  of  the  alimentary  canal,  are  of  course  affected  by  the  stage  | 
of  the  digestive  process,  and  by  the  nature  and  amount  of  the  absorbable  I 
matters.  As  compared  with  the  ordinary  venous  blood,  the  total  quan-  J 
tity  of  its  solid  constituents  is  lowered  during  the  early  part  of  the  I 
digestive  process,  by  the  dilution  it  suffers  through  the  imbibition  ofK 
liquid;  and  this  diminution  is  especially  remarkable  in  the  corpuscles,! 
the  relative  proportion  of  albumen  being  increased  by  the  introduction!! 
of  new  albuminous  matter  from  the  food.  Towards  the  conclusion  of  ther 
digestive  process,  however,  the  blood  of  the  mesenteric  veins  graduallylj 
comes  to  present  the  ordinary  proportions  of  these  two  components ;  andlj 
in  an  animal  that  has  been  subjected  to  long  abstinence,  it  does  not  differij 
from  that  of  the  venous  system  in  general.  The  quantity  of  extractive  isll 
usually  increased  ;  and  in  this  part  of  the  blood  it  must  be,  that  sugar,!  1 
dextrin,  gelatin,  and  other  soluble  organic  matters  that  are  taken  intoj  I 
the  circulation,  are  contained.    Some  of  these  have  in  fact  been  detected  I 

*  See  his  Memoir  in  the  ''Arch.  Gen.  de  Med."  4°  sene,  torn,  xviii.  p.  322| I 
et  seq.;  and  his  edition  of  his  father's  "  El6muns  d'Anatomie  Gene'rale,"  pp.  26511 
266. 
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in  it.*  The  fibrin  of  the  blood  of  the  mesenteric  veins  appears  to  be  less 
perfectly  elaborated  than  that  of  the  blood  in  general ;  for  the  blood  of 
the  mesenteric  veins  coagulates  less  firmly  (having  been  erroneously 
asserted  by  some  not  to  coagulate  at  all) ;  and  its  fibrin,  when  separated 
by  stirring,  shows  a  marked  deficiency  in  tenacity,  and  liquefies  com- 
pletely in  the  course  of  a  few  hours.  A  part  of  the  albuminous  consti- 
tuent of  this  blood  does  not  present  the  characters  of  true  albumen,  for 
it  is  not  precipitated  by  heat  or  by  nitric  acid,  and  the  precipitate 
thrown-down  by  alcohol  is  redissolved  by  water ;  like  albumen,  how- 
ever, it  is  precipitated  by  the  metallic  salts,  creosote,  and  tannin.  This 
substance,  which  has  been  distinguished  by  M.  Mialhe  as  albuminose, 
further  differs  from  true  albumen  in  the  facility  with  which  it  traverses 

■  organic  membranes  ;  for  these  resist  the  passage  of  albumen,  while  they 
are  freely  transuded  by  albuminose.  And  it  is  affirmed  by  M.  Mialhe, 
that  the  want  of  that  conversion  of  albuminose  into  albumen,  which 
ought  to  take  place  as  part  of  the  assimilating  process,  is  one  cause  of 
the  readiness  with  which  albuminous  matter  transudes  from  the  blood  in 
albuminuria  and  in  dropsies ;  this  albuminous  matter  frequently  having 
rather  the  characters  of  albuminose,  than  those  of  true  albumen. | 

195.  The  Splenic  blood  is  remarkable  for  the  marked  decrease  it 
presents  in  the  amount  of  solid  matter  it  contains  ;  the  average  of  twelve 
experiments  giving  only  187*1  per  1000  of  solid  constituents  in  the 
splenic  blood,  whilst  the  arterial  blood  of  the  same  animals  contained 
239  parts,  and  the  jugular  venous  blood  201  parts. J  The  decrease 
depends  upon  the  diminished  proportion  of  red  corpuscles.  The 
albumen  and  fibrin,  on  the  other  hand,  with  the  white  corpuscles,  are 
usually  more  or  less  increased  in  their  relative  proportions,  the  fibrin 
having  been  found  in  amounts  varying  from  2-5  to  11  53  parts  in 
1000,  and  coagulation  having  been  noticed  to  recur  when  the  blood 
had  already  been1  freed  from  the  fibrin  by  whipping.  Hirt§  counted 
1  colourless  to  2179  coloured  corpuscles  in  the  blood  of  the  splenic 
artery,  but  1  colourless  to  60  coloured  in  that  of  the  splenic  vein. 
The  red  corpuscles  sometimes  present  crystals  in  their  interior. 
Many  comparative  observations  have  been  made  upon  the  blood  of  the 
Vena  Portce  and  of  the  Hepatic  vein ;  but  a  large  part  of  them,  accord- 
ing to  M.  CI.  Bernard,  are  vitiated  by  the  fact,  that,  unless  the  vena 
porta?  be  tied,  a  reflux  of  blood  takes  place  into  it  from  the  liver,  so 
that  the  blood  which  flows  when  it  is  wounded,  is  not  so  much  portal  as 
hepatic  blood.    The  latter,  like  all  blood  which  contains  much  carbonic 

:  acid  and  little  oxygen,  coagulates  slowly  and  forms  a  bulky  clot  from 
which  the  serum  imperfectly  separates.  It  contains  8  or  9  per  cent, 
less  water  than  the  portal  blood,  owing  apparently  to  the  red  corpuscles 
taking  up  solid  materials  in  their  passage  through  the  liver.  The  blood 
of  the  hepatic  vein  is  far  richer  in  blood-cells,  both  coloured  and  colour- 

I  less,  than  that  of  the  portal  vein ;  Hirt  estimated  that  the  proportion  of 

*  See  the  Researches  of  MM.  Bouchardat  and  Sandras  in  the  "  Supplement  a  l'An- 
nuaire  de  The'rapeutiqne,"  1846. 

+  See  the  "  Cours  de  Physiologie"  of  M.  Paul  Berard,  torn.  iii.  p.  87. 

%  See  the  Analyses  of  Mr.  Gray  in  his  Essay  "  On  the  Structure  and  Uses  of  the 
Spleen,"  1854.  3 

§  Muller's  "  Archiv,"  1856. 
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the  colourless  to  the  red  corpuscles  was  in  the  portal  venous  blood  as 
1  :  524,  in  the  hepatic  as  1  :  136;  the  coloured  are  seen  in  heaps  of  a 
distinct  violet  colour,  and  their  cell-walls  are  less  readily  destroyed  by 
water  than  are  those  of  the  blood  of  most  other  vessels.  The  cells  in 
the  blood  of  the  hepatic  veins  are  poorer  in  fat  and  in  salts,  and  es- 
pecially in  haematin,  or  at  least  iron,  but  somewhat  richer  in  extractive 
matters.  Their  specific  gravity  is  higher  than  that  of  the  cells  of  the 
portal  blood,  notwithstanding  the  diminished  qixantity  of  iron.  The 
plasma  of  the  blood  of  the  hepatic  veins  is  far  denser  than  that  of  the 
blood  of  the  portal  vein,  for  it  contains  a  much  larger  amount  of  solid 
constituents  generally,  although  little  or  no  fibrin  is  to  be  found  in  it. 
If  we  compare  the  solid  constituents  of  the  serum  of  both  kinds  of 
blood,  we  find  less  albumen  and  fat,  and  far  less  salts,  in  the  blood  of 
the  hepatic  vein,  while  the  quantity  of  extractive  matter,  and  especially 
of  sugar,  unless  the  examination  be  made  instantaneously  after  death, 
is  perceptibly  augmented.*  It  cannot  be  doubted  that  when  the 
secretion  of  urine  is  proceeding  with  rapidity,  the  blood  of  the  Renal 
vein  must  contain  a  smaller  proportion  of  water  than  that  of  the  renal 
artery,  and  that  the  quantity  of  salines  also  must  be  diminished  ;  since 
a  separation  of  these  ingredients  takes  place  in  the  passage  of  the  blood 
through  the  renal  capillaries.  So  far  as  regards  the  quantity  of  water, 
this  a  priori  conclusion  has  been  confirmed  by  the  analyses  of  Simon, 
who  found  790  parts  of  water  in  1000  of  blood  drawn  from  the  renal 
artery,  and  only  778  in  blood  drawn  from  the  renal  vein  of  the  same 
animal.  ]  And  PicardJ  found  in  the  renal  arterial  blood  of  two  dogs 
0*0365  and  0*04  per  cent,  of  Urea,  whilst  in  the  venous  blood  return- 
ing from  the  kidneys  the  proportion  was  0*0186  and  0*02  per  cent. 
Poisseuille  and  Gobley,§  however,  did  not  find  the  difference  so  well- 
marked  or  constant. 

196.  Alterations  in  the  Composition  of  the  Blood  in* Disease. — Under 
this  head  it  is  intended  here  to  consider,  not  the  state  of  the  Blood  in 
every  principal  type  of  disease  (which  it  is  the  duty  of  the  Pathologist 
to  investigate),  but  the  most  important  facts  which  the  study  of  its 
morbid  conditions  has  afforded,  towards  the  determination  of  the  con- 
ditions under  which  decided  variations  take  place  in  the  quantity  or 
quality  of  its  principal  components,  and  of  the  effects  which  those  varia- 
tions produce  upon  the  system  at  large.  Many  analyses  have  been  made 
by  excellent  observers  ;||  but  in  consequence  of  the  variations  in  the 
mode  of  analysis  pursued,  the  results  can  only  be  given  in  general  terms. 

197.  The  first  of  these  components  whose  variations  we  shall  consider, 
is  Fibrin ;  the  estimate  of  which,  however,  is  open  to  an  important 
fallacy,  that  has  not  been  sufficiently  guarded-against, — namely,  the 
admixture  of  the  Colourless  corpuscles.  "  These,"  as  Mr.  Paget  correctly 
remarks,  "  cannot,  by  any  mode  of  analysis  yet  invented,  be  separated 
from  the  fibrin  of  mammalian  blood ;  their  composition  is  xmknown,  but 

*  Physiological  Chemistry"  (Cavendish  Society's  ed.),  vol.  ii.  p.  259 ;  Lehmann, 
"  Leipziger  Berichte,"  iii.  131 ;  and  "  Pharmaceut.  Centralblatt,"  1856.  p.  433. 
t  Simon's  "Animal  Chemistry"  (Sydenham  Society's  ed.),  vol.  i.  p.  214. 
J  Picard  "  Sur  la  Presence  de  l'Ure'e  dans  le  Sang,"  Strasbourg,  1856. 
§  "Comptes  Rendus,"  1859,  p.  164. 

||  See  Andraland  Gravarrel,  "Essai  d'Hjematologie  Pathologique ;"  Becquerel  and 
Rodier,  '•  Recherches  sur  la  Composition  du  Sang,"  &c. 
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their  weight  is  always  included  in  the  estimate  of  the  fibrin.  In  health, 
they  may,  perhaps,  add  too  little  to  its  weight  to  merit  consideration ; 
but  in  many  diseases,  especially  in  inflammatory  and  other  blood-diseases 
in  which  the  fibrin  is  said  to  be  increased,  these  corpuscles  become  so 
numerous  that  a  large  proportion  of  the  supposed  increase  of  the  fibrin 
must  be  due  to  their  being  weighed  with  it.  On  this  account,  all  the 
statements  respecting  the  increase  of  fibrin  in  certain  diseases  need  re- 
vision."*— In  the  results  of  the  analyses  now  to  be  stated,  it  must  be 
borne  in  mind  that  the  term  '  fibrin'  really  designates  the  '  colourless 
coagulum'  of  spontaneous  formation,  whatever  may  be  its  composition. 
The  following  may  be  considered  as  the  normal  range  of  variation  for  the 
principal  constituents  of  the  blood  in  health,  according  to  the  mode  of 
estimating  them  pursued  by  MM.  Andral  and  Gavarret : — 

Fibrin    .    .    .  from     2  to     3£  parts  per  1000. 
Red  corpuscles      „    110  „  152      ,,  ,, 
Solids  of  serum     „     72  „    88      „  „ 
Water    .    .    .     „    760  „  815 

198.  The  most  important  fact  substantiated  by  Andral,  is  one  that  had 
been  previously  suspected, — the  invariable  increase  in  the  quantity  of 
Fibrin  during  acute  Inflammatory  affections,  the  increase  being  strictly 
proportional  to  the  intensity  of  the  inflammation,  and  to  the  degree  of 
symptomatic  fever  accompanying  it.    "  The  augmentation  of  the  quan- 
tity of  Fibrin  is  so  certain  a  sign  of  Inflammation,  that,  if  we  find  more 
than  5  parts  of  fibrin  in  1000,  in  the  course  of  any  disease,  we  may 
positively  affirm  that  some  local  inflammation  exists."    The  average 
proportion  of  Fibrin  in  Inflammation  may  be  estimated  at  7 ;  the  minimum 
at  5;  the  maximum  at  13*3.    The  greatest  augmentation  is  seen  in 
Pneumonia  and  Acute  Rheumatism.    An  increase  is  also  commonly 
observable  during  the  advanced  stage  of  Phthisis,  in  spite  of  the  deteriora- 
tion which  the  blood  must  then  have  undergone.,  and  this  is  probably 
iependent  upon  the  development  of  local  inflammation  around  the  tuber - 
•ular  deposits.    In  Continued  and  Typhoid  Fevers,  whilst  the  proportion 
n  Corpuscles  is  commonly  increased,  there  is  a  decrease  in  the  proportion 
)f  Fibrin,  especially  in  the  early  stage ;  though  the  usual  augmentation 
vill  take  place  if  any  local  inflammation  occurs.    It  appears  from  the 
xperiments  of  Magendie,  that  one  of  the  effects  of  a  diminution  in  the 
<roportion  of  Fibrin  is  a  tendency  to  the  occurrence  of  Haemorrhage  or 
i  Congestion,  either  in  the  parenchymatous  tissue  or  on  the  surface  of 
membranes;  and  these  conditions  are  well  known  to  constitute  common 
omphcations,  not  only  of  febrile  diseases,  but  also  of  Apoplexy  and 
urpura  haemorrhagica,  in  both  of  which  there  is  a  marked  deficiency  of 
ibrin.    It  has  been  asserted  that  the  proportion  of  Fibrin  is  diminished 
n  Scurvy;  but  this,  from  the  analyses  of  MM.  Becquerel  and  Rodier, 
natin  and  Bouvier,f  and  Mr.  G.  Busk,}  appears  not  to  be  the  case,  the 
I  roportion  of  fibrin  being  rather  above  than  below  the  normal  average. 
1  Cholera,  however,  a  reduction  in  the  coagulable  element  of  the  blood 
■  -ems  to  be  an  almost,  constant  occurrence ;  and  in  some  instances,  the 
I  lood,  although  loaded  with  solid  matter,  has  scarcely  coagulated  at  all. 


*  Kirkea  and  Paget's  "  Handbook  of  Physiology,"  p.  57 
T    Journ.  de  Chiniie  Medicale,"  Mars,  1848.    $  "  Libra 


ary  of  Medicine,"  vol.v  p.  90. 
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Of  the  blood  drawn  during  life,  it  has  been  observed  that  the  clot  is 
loose  and  grumous,  often  not  shrinking  and  expelling  serum  ;  and  that 
this  change  presents  itself  in  a  degree  corresponding  to  the  severity  and 
advanced  stage  of  the  disease.  And  when  the  blood  has  been  removed 
from  the  body  after  death,  the  clots  have  been  found  loose  and  fragile  in 
texture,  sometimes  almost  semi-fluid.*  How  far  the  so-called  exudation 
found  in  an  inflamed  part  is  dependent  upon  the  accumulation  of  the 
white  corpuscles  on  the  exterior  of  the  vessels,  as  described  by  Waller 
and  Cohnheim,  cannot  as  yet  be  stated  with  certainty. 

199.  The  amount  of  Red  Corpuscles  seems  to  be  subject  to  greater 
variation  within  the  limits  of  ordinary  health,  than  is  that  of  fibrin.  In 
the  condition  which  is  ordinarily  termed  a  highly  sanguineous  tempera- 
ment, or  Plethora,  it  is  chiefly  the  entire  mass  of  the  blood  that  under- 
goes an  increase  ;  but  whatever  excess  there  may  be  in  the  proportion  of 
its  solid  constituents,  this  affects  the  Corpuscles  rather  than  the  fibrin, 
the  proportion  of  these,  according  to  Mantegazza,|  rising  from  5,000,000 
which  is  the  normal  amount,  to  5,500,000  in  a  cubic  centimetre. 
Plethoric  persons  are  not  more  prone  to  Inflammation,  than  are  those  of 
weaker  constitution ;  but  they  are  liable  to  Congestion,  especially  of  the 
brain,  and  to  apoplexy  or  other  haemorrhage.  The  effect  of  bleeding  in 
diminishing  this  tendency  is  now  intelligible  ;  since  we  know  that  loss 
of  blood  reduces  the  proportion  of  corpuscles. — On  the  other  hand,  in 
that  temperamentj  which,  when  exaggerated,  becomes  Anaemia,  there  is 
a  marked  diminution  of  the  Corpuscles,' the  number  contained  in  a  cubic 
centimetre  falling  from  5,000,000,  which  is  the  normal  amount,  to  about  I 
2,000,000.  This  temperament  may  lead,  on  the  one  hand  to  Chlorosis,  J 
in  which  the  Red  Corpuscles  are  diminished  whilst  the  Fibrin  remains  the 
same,  a  condition  of  the  system  which  is  singularly  improved  by  the 
remedial  employment  of  Iron;§  and,  on  the  other,  to  Scrofula,  in  which  a  I 
diminution  of  Corpuscles  coexists  with  a  deficiency  in  the  amount  or  in  I 
the  degree  of  elaboration  of  the  Fibrin.    A  similar  deficiency  in  the  pro- 1 

*  See  Dr.  Parkes'  "  Researches  into  the  Pathology  and  Treatment  of  the  Asiatic  or  j, 
Algide  Cholera,"  pp.  32,  73.  t  "Gaz.  Med.  Ital.,"  1865,  Nos.  23  and  25. 

\  The  term  lymphatic  has  been  applied  to  this  temperament ;  by  which  term  was| 
meant  a  predominance  of  lymph  in  the  absorbent  vessels. 

§  The  records  of  Medicine  scarcely  furnish  a  more  notable  example  of  the  pernicious  I 
influence  of  theories  founded  upon  a  shallow  Empiricism,  and  of  the  superiority  of  al 
Rational  practice,  based  on  a  knowledge  of  the  real  facts  of  the  case,  than  is  afforded! 
by  the  contrast  between  the  former  and  the  present  treatment  of  Chlorosis.  Whilst! 
the  notion  prevailed  that  the  '  buffy  coat'  is  a  sign  of  Inflammation,  and  that  the  most* 
potent  remedy  for  Inflammation  is  loss  of  blood,  patients  already  reduced  to  a  state  of! 
anaemia,  who  complained  of  pain  in  the  left  hypochondrium,  palpitations,  &c,  werefc 
bled  over  and  over  again,  every  withdrawal  of  blood  of  course  seriously  increasing thel-; 
mischief,  by  producing  a  further  reduction  in  the  proportion  of  red  corpuscles  (§  187).j,i 
The  Author  well  remembers  that,  when  a  pupil  in  the  Bristol  Infirmary  iu  the  yearJij 
1833-4,  he  was  repeatedly  directed  by  the  estimable  Senior  Physician  (long  sincel* 
dead)  to  draw  eight,  ten,  or  twelve  ounces  of  blood  from  patients  in  this  condition  J} 
and  that  the  crassamentum,  after  coagulation,  often  resembled  a  small  island  floating 
in  an  ocean  of  serum.    Yet,  because  this  minute  clot  exhibited  the  buffy  coat,  thej 
bleeding  was  considered  to  be  '  orthodox'  practice,  and  the  obstinacy  of  the  symptoms 
was  attributed  to  the  severity  of  the  disease.    If  M.  Andrei  had  made  no  other  conj 
tribution  to  Medical  Science  than  the  demonstration  of  the  real  nature  of  this  condij 
tion  of  the  blood,  and  of  the  influence  of  further  depletion  in  promoting  it,  he  woultl  r 
have  rendered  a  most  essential  service  to  the  multitudes  of  females  who  are  unfortul  j 
nute  enough  to  suffer  from  this  kind  of  deterioration  of  their  vital  fluid. 
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portion  of  Ked  Corpuscles  has  been  observed  by  Andral  in  other  cachectic 
states  induced  by  disease,  as  in  Diabetes  Mellitus,  Aneurismal  dilatation 
of  the  Heart  producing  Dropsy,  and  in  Cachexia  Saturnina.  It  occurs 
also  in  Scurvy,  and  in  the  advanced  stages  of  Albuminuria;  and  Dr. 
Williams*  has  observed  a  similar  total  destruction  of  the  blood-discs  in 
a  case  of  malignant  scarlatina  with  purpura ;  and  has  met  with  indica- 
tions of  a  partial  destruction  of  them  in  acute  purpura  connected  with 
jaundice,  and  in  cases  of  functional  derangement  of  the  liver. 

200.  A  marked  increase  in  the  proportion  of  the  Colourless  Cor- 
puscles has  been  frequently  observed  in  the  blood  of  Inflammatory 
subjects ;  this  increase  is  not,  however,  so  characteristic  of  the  Inflam- 
matory state  as  some  have  supposed ;  for  it  is  by  no  means  constant  in 
that  condition,  and  is  frequently  seen  in  very  different  states  of  the 
system. — Attention  has  recently  been  drawn  by  Prof.  J.  H.  Bennettf  to 
a  condition  of  the  Blood,  which  is  especially  characterized  by  a  marked 
excess  of  these  bodies,  and  which  he  has  designated  by  the  term 
Leucocythcemia  (white-cell  blood).  This  condition  has  been  detected  in 
the  blood  of  a  considerable  number  of  individuals  suffering  under 
diseases  (most  commonly  enlargement)  of  the  Spleen,  Liver,  and  Lym- 
phatic glands,  either  separately  or  in  conjunction ;  but  it  has  not  yet 
been  determined  how  far  it  is  constantly  associated  with  any  of  these 
abnormal  conditions.  In  all  cases  in  which  such  blood  has  been 
analyzed,  its  specific  gravity  has  been  found  very  low,  and  the  total 
amount  of  corpuscles  small ;  but  the  fibrin  is  almost  invariably  above 
the  average,  having  in  one  instance  risen  to  7 '08. 

201.  The  quantity  of  Albumen  in  the  blood  seems  to  vary  less  than 
that  of  most  of  its  other  constituents.  The  proportion  which  it  bears  to 
the  water  of  the  serum,  is  of  course  elevated  by  anything  which 
diminishes  the  latter ;  and  thus  we  find  it  high  in  cholera  after  profuse 
discharges  of  fluid  from  the  intestinal  canal,  and  in  other  cases  in  which 
there  has  been  an  unusual  drain  upon  the  liquid  part  of  the  blood,  pro- 
vided that  the  albumen  do  not  pass  off  with  it,  as  sometimes  happens. 
^\  here  some  special  cause  is  in  operation,  which  favours  the  escape  of 
the  albumen  from  the  circulating  current  (as  happens  in  various  forms 
of  Albuminuria,  but  especially  in  the  advanced  stage  of  'Bright's 
disease'),  the  amount  of  albumen  in  the  serum  is  reduced  below  the 
normal  standard.  Thus  Dr.  Christison  found  the  entire  solids  of  the 
serum  to  be  reduced  in  some  instances  to  55  or  even  52  parts  in  1000, 
his  estimate  of  their  normal  amount  being  83*4  ;  and  he  found  the 
specific  gravity  of  the  serum  to  fall  as  low  as  1020  or  even  1019,  the 
normal  standard  being  from  1027  to  1031.  According  to  Andral,  the 
diminution  in  the  amount  of  Albumen  in  the  Serum  is  exactly  propor- 
tional to  the  quantity  contained  in  the  Urine.  J — The  proportion  of  fatty 

*  "Principles  of  Medicine,"  2nd  edit.  p.  115. 

T  See  his  successive  Papers  in  the  "Edinb.  Monthly  Journal"  for  1851,  his 
ireatise  "On  Leucocythsemia,"  and  his  Clin.  Lectures  "On  the  Principles  and  Prac- 
tice of  Med.,"  4th  edit.  1865,  p.  867  et  seq. 

+  A  case  is  related  by  Andral,  under  this  head,  which  affords  an  interesting  exem- 
plification of  the  general  facts  that  have  been  attained  by  his  investigations.  A 
woman  who  had  been  suffering  from  Erysipelas  of  the  face,  and  had  lost  blood  both 

t  !f  ?e8e.ct'on  an(*  hy  leeches,  became  the  subject  of  Albuminuria.  The  blood  drawn 
at  this  time  exhibited  a  considerable  diminution  in  the  proportion  of  the  red  Cor- 


232 


OF  THE  I1LOOD  ; 


matter  in  the  serum,  and  especially  of  the  cholesterine,  has  been  found 
by  MM.  Becquerel  and  Rodier  to  undergo  an  increase  at  the  commence-  j 
ment  of  most  acute  diseases ;  and  they  have  also  observed  an  increase 
of  fat,  and  especially  of  cholesterine,  in  chronic  diseases  of  the  liver,  in 
Bright's  disease  of  the  kidney,  and  in  tuberculosis.    The  quantity  of  fat 
in  the  blood  sometimes  undergoes  such  an  augmentation,  as  to  give  to 
the  serum  a  constant  f  milkiness.'    This  has  been  observed  by  Marcet 
in  a  case  of  diabetes,  by  Traill  in  hepatitis,  by  Christison  in  dropsy, 
icterus,  and  nephritis,  by  Zanarelli  in  pneumonia,  and  by  Sion  in  mam- 
mary abscess.    In  Dr.  Sion's  case,  the  blood  itself  was  quite  milky ;  it  I 
underwent  no  coagulation ;  and  only  a  very  small  quantity  of  colouring  I 
matter  was  deposited,  when  it  was  allowed  to  stand.    This  blood  was  f 
found  by  Lecanu  to  contain  206  parts  of  solid  constituents  in  1000;  I 
but  of  these  no  less  than  117  parts  were  fat,  the  remainder  consisting  of  I 
albumen  (64  parts),  and  of  extractive  and  salines  (25  parts).*    No  \ 
fibrin  could  be  found,  and  the  quantity  of  hamiatoglobulin  was  inap- 
preciable.!   Such  a  fluid  must  be  considered  rather  as  chyle  than  as 
blood ;  and,  in  the  entire  absence  of  coagulating  power,  corresponds 
rather  with  chyle  when  first  absorbed,  than  with  that  which  is  usually 
transmitted  by  the  thoracic  duct  (§  146). — Little  is  known  with  cer- 
tainty regarding  the  variations  of  the  alkaline  salts  in  the  blood  in  dif- 
ferent diseases.    The  analyses  which  have  been  made,  however,  are  I 
considered  by  Prof.  LehmannJ  to  indicate  that  in  very  severe  inflam- 1 
mations  they  are  greatly  diminished  ;  whilst  they  are  much  increased  in  j 
the  acute  exanthemata  and  in  typhus,  in  dysentery,  Bright's  disease,  and  I 
all  forms  of  dropsy  and  hydremia  ;  and  are  often  doubled  in  quantity  I 
in  diseases  depending  upon  malarious  influences,  such  as  endemic  I 
dysentery,  malignant  forms  of  intermittent  fever,  &c.  Although  a  large  I 
quantity  of  saline  matter  usually  passes-otf  from  the  blood  in  Cholera,  }; 
yet  the  proportion  of  water  discharged  is  so  much  greater,  that,  as  appears  I 
from  the  analysis  of  Dr.  Garrod,  the  percentage  of  salines  in  the  blood  I 

puscles,  as  well  as  of  Albumen, — a  fact  which  the  previous  loss  of  blood  fully,  accounted 
for.  Alter  a  short  period,  during  which  she  had  been  allowed  a  fuller  diet,  another 
experimental  bleeding  exhibited  an  increase  in  the  proportion  of  those  Corpuscles. 
Some  time  afterwards,  whon  the  Albumen  had  disappeared  from  the  Urine,  some 
more  blood  was  drawn ;  and  it  was  then  observed  that  the  Albumen  of  the  Serum 
had  returned  to  its  due  proportion,  but  that  the  Corpuscles  had  again  diminished, 
whilst  there  was  a  marked  increase  iu  the  quantity  of  Fibrin.  This  alteration  was 
fully  accounted-for  by  the  fact,  that,  in  the  interval,  several  Lymphatic  ganglia  in  the 
neck  had  been  inflamed  and  had  suppurated  ;  and  that  the  patient  had  been  again 
placed  on  very  low  diet.  "  Thus,"  observes  Andral,  "  we  were  enabled  to  give  a  com- 
plete explanation  of  the  remarkable  oscillations  which  were  presented  in  the  propor- 
tion of  the  different  elements  of  the  blood  drawn  at  three  different  times  from  the 
same  individual ;  and  thus  it  is  that,  the  more  extended  are  our  inquiries,  the  more 
easy  does  it  become  to  refer  to  general  principles  the  causes  of  all  those  changes  in 
the  composition  of  the  blood,  which,  from  the  frequency  and  rapidity  with  which  they 
occur,  seem  at  first  sight  to  baffle  all  rules,  and  to  take  place,  as  it  were,  at  random. 
In  the  midst  of  this  apparent  disorder,  there  is  but  the  fulfilment  of  laws;  and  in 
order  to  obtain  these,  it  is  only  necessary  to  strip  the  phenomena  of  their  complica- 
tions, and  reduce  them  to  their  simplest  form." 

*  See  also  a  case  by  Speck,  "  Archiv  f.  wiss.  Heilk.,"  1864,  p.  232. 

f  This  remarkable  case  is  cited  in  Simon's  "Animal  Chemistry,"  vol.  i.  p-  333, 
from  the  "  Lancette  Francaise,"  1835,  No.  49. 

J  "  Physiological  Chemistry"  (Cavendish  Society's  ed.),  vol.  ii.  p.  262. 
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is  rather  increased  than  diminished.*  The  proportion  of  Water  in  the 
blood  will  of  course  vary  reciprocally  with  that  of  the  solid  constituents  ; 
and  will  be  especially  augmented  when  there  is  a  marked  diminution  in 
the  amount  of  red  corpuscles. 

202.  That  the  Blood  is  subject  to  a  great  variety  of  other  morbid 
alterations,  which  are  sometimes  the  causes,  and  sometimes  the  results, 
of  Disease,  cannot  be  for  a  moment  doubted.  But  our  knowledge  of 
the  nature  of  these  changes  is  as  yet  very  insufficient.  The  great 
amount  of  attention  which  is  being  directed  by  Chemists  and  Patho- 
logists to  the  subject,  however,  will  doubtless  ere  long  produce  some 
important  results. — Among  the  most  frequent  causes  of  depravation  in 
the  character  of  this  fluid,  we  must  undoubtedly  rank  the  retention,  in 
the  Circulating  current,  of  matters  which  ought  to  be  removed  by  the 
Excretory  processes.  We  shall  hereafter  see,  that  a  total  interruption 
to  the  excretion  of  Carbonic  Acid  by  the  lungs  will  occasion  death  in 
the  course  of  a  very  few  minutes ;  and  even  when  only  a  slight  impe- 
diment is  offered  to  the  elimination  of  the  carbonic  acid,  so  that  the 
quaiitity  of  it  always  contained  in  arterial  blood  is  augmented  to  but  a 
small  degree,  a  feeling  of  discomfort  and  oppression,  increasing  with  the 
duration  of  the  interruption,  is  speedily  produced.  The  results  of  the 
retention  of  the  materials  of  the  Biliary  and  Urinary  excretions  will  be 
hereafter  considered  (chap,  ix.)  ;  and  at  present  it  will  be  only  re- 
marked that  such  retention  is  a  most  fertile  source  of  slight  disorders 
of  the  system,  that  it  is  largely  concerned  in  producing  many  severe 
diseases,  and  that,  if  complete,  it  will  most  certainly  and  rapidly  bring 
about  a  latal  result. 

3.  Of  the  Vital  Properties  of  the  Blood,  and  its  Relations  to  the 

Living  Organism. 

203.  It  cannot  be  doubted  that  the  perfect  and  regular  performance 
of  the  various  actions  to  which  the  Blood  is  subservient,  is  dependent 
upon  the  admixture  of  its  principal  components  in  their  due  propor- 
tions, and  upon  its  freedom  from  deleterious  matters,  whether  formed 
within  the  system,  or  introduced  into  the  circulating  current  from 
without.  And  it  is  not  difficult  to  see  how  any  considerable  alteration 
which  affects  its  2>hysical  conditions  merely,  may  thereby  produce  a 
most  serious  disturbance  in  the  regularity  of  the  circulation,  and  in  the 
functions  to  which  it  ministers.  Thus  it  has  been  shown  by  the  expe- 
riments of  Poisseuille,t  that  a  certain  degree  of  viscidity  is  favourable 
to  the  motion  of  liquids  through  capillary  tubes ;  a  thin  solution  of 
sugar  or  gum  being  found  to  traverse  them  more  readily  than  pure 
water  will  do.  Hence  any  serious  alteration  in  the  proportion  of  the 
organic  and  saline  compounds  dissolved  in  the  liquor  sanguinis,  and 
especially  in  that  of  the  Fibrin  (on  which  the  viscidity  of  the  blood 

I  APPe^rs  chiefly  to  depend),  might  be  expected  to  produce  obstruction 
I  n  the  capillary  circulation,  and  to  favour  transudation  of  the  fluid 
Portion  of  the  blood ;  and  the  numerous  experiments  of  Magendie 

+  c?L°5d°n  Journal  of  Medicine,"  May,  1849. 

y>ce  M.  MaSendie's  "  Logons  aur  lea  Piifiaom&nes  Physiques  de  la  Vie,"  torn.  iv. 
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(Op.  cit.)  seem  to  favour  this  view,  although  they  are  far  from 
manifesting  that  character  for  accuracy  and  discrimination,  which 
would  be  required  to  afford  an  authoritative  sanction  to  it.  A  much 
more  determinate  influence,  however,  must  be  exerted  upon  the 
Red  Corpuscles,  by  any  cause  which  seriously  affects  the  specific 
gravity  of  the  liquor  sanguinis  (§  166);  and  the  perfect  elaboration 
of  the  Albuminous  constituent  of  the  serum  has  been  shown  to 
be  requisite,  to  prevent  it  from  copiously  transuding  the  membranous 
walls  of  the  vessels  which  it  traverses  (§  194). — These  and  other 
physical  and  chemical  relations  of  the  Blood  are  quite  subordinate 
to  its  Vital  reactions;  and  it  is  into  them  that  we  have  now  to 
inquire. 

204.  Before  proceeding,  however,  to  inquire  into  the  nature  of  the  rela- 
tion of  the  Fibrin  and  the  corpuscles — the  two  constituents  of  the  blood 
that  are  most  highly  endowed  with  vital  properties — to  the  '  Life  of  the 
Blood,'  our  attention  may  be  advantageously  directed  to  that  remark- 
able change  in  the  state  of  the  blood  when  withdrawn  from  the  vessels 
of  the  living  body,  which  is  commonly  known  as  its  '  coagulation.' 
This  term,  however,  as  applied  to  the  blood  en  masse,  is  quite  inappro- 
priate ;  since,  as  we  shall  presently  see,  the  coagulation  essentially  con- 
sists in  the  passage  of  the  fibrin  alone  from  the  soluble  to  the  solidified 
state ;   and  this  component  scarcely  forms  more  than  one  hundredth  j 
part  of  the  whole  solid  matter  of  the  circulating  fluid.    All  the  pheno- 
mena attendant  upon  this  process,  and  the  conditions  by  which  it  is 
influenced,  have  been  made  the  subject  of  very  careful  study,  both  by  j 
Chemists  and  Physiologists ;  but  it  must  be  admitted  that  they  throw 
very  little  light  upon  the  vital  relations  of  the  Blood  to  the  Organism  j 
at  iarge ;  these  being  only  sustained  whilst  it  is  circulating  in  a  I 
fluid  state,  and  being  interfered-with  by  anything  that  favours  its  J 
passage  into  the  form  which  it  assumes  when  withdrawn  from  the! 
body. 

205.  The  Coagulation  of  the  Blood,  then,  consists  in  the  new  arrange- 
ment of  its  constituents,  which  takes  place  when  it  is  drawn  from  the  i 
vessels  and  is  left  to  itself,  or  when  the  body  itself  dies  (§  165).    This ) 
new  arrangement  essentially  depends  upon  the  passage  of  the  Fibrin  I 
from  the  soluble  to  the  insoluble  state,  in  which  it  forms,  not  an| 
amorphous  coagulum,  but  a  network  of  fibres  more  or  less  definitely  I 
marked  out;  in  the  meshes  of  which  network  are  included  the  Red| 
corpuscles,  usually  grouped  together  in  columnar  masses  resembling! 
piles  of  money.    Crassamentum  or  Clot  thus  formed,  gradually  acquires 
a  degree  of  firmness  proportioned  to  the  amount  of  Fibrin  which  itli 
contains,  and  to  the  degree  of  its  elaboration  ;  and  it  undergoes  a  pro-i 
gressive  contraction,  by  which  the  Albuminous,  Saline,  and  Extractive!1 
matters,  still  dissolved  in  the  water,  are  more  or  less  completely  expelled] 
from  it,  constituting  the  Serum.    This  separation  will  not  occur,  how-( 
ever,  if  the  coagulation  take  place  in  a  shallow  vessel ;  nor  if  thej 
amount  of  Fibrin  should  be  small,  or  its  vitality  low.    A  homogeneou^ 
mass,  deficient  in  firmness,  presents  itself  under  such  circumstances* 
though  the  solid  part  of  this  may  pass  into  a  state  of  more  completa  i 
condensation  after  the  lapse  of  a  certain  time. — That  the  coagulation  ij 
due  to  the  Fibrin,  and  that  the  Corpuscles  do  not  take  any  active  shan|  I 
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in  the  process,  appears  from  several  considerations.*    A  microscopical 
examination  of  the  Clot  shows,  that  it  has  the  same  texture  with  Fibrin 
when  coagulating  by  itself ;  the  Corpuscles  clustering-together  in  the 
interspaces  of  the  network,  and  not  being  uniformly  diffused  through 
the  whole  mass.    Their  specific  gravity  being  greater  than  that  of  the 
Fibrin,  they  are  usually  most  abundant  at  the  lower  part  of  the  clot ; 
and  the  upper  surface  is  sometimes  nearly  colourless,  especially  when 
the  coagulation  has  taken  place  slowly ;  yet  this  upper  part  is  much 
firmer  than  the  lower,  showing  that  the  fibrin  alone  is  the  consolidating 
agent.    If,  after  the  complete  subsidence  of  the  Corpuscles,  a  little  of 
the  colourless  Liquor  Sanguinis  be  skimmed-off,  it  will  undergo  com- 
plete coagulation,  forming  a  colourless  clot ;  as  was  long  ago  shown  by 
Hewson.    A  curious  observation  has  been  made  by  Bernard,  showing 
i hat,  even  during  life,  the  Blood-cells  have  a  natural  tendency  to  gra- 
vitate to  the  lowest  part  of  the  fluid.    Thus  in  a  Horse,  laid  out  on  the 
ground  in  such  a  position  that  its  long  jugular  vein  was  nearly  hori- 
zontal, a  small  opening  made  in  the  upper  surface  allowed  the  escape 
only  of  yellowish  serous  fluid  without  red  corpuscles,  whilst  from  a 
similar  small  opening  made  at  the  lowest  surface  of  the  vein  some  very 
black  blood  issued.    Both  portions  coagulated ;   the  first,  of  course, 
giving  a  colourless  clot ;  the  second,  as  usual,  a  dark  clot,  with  a  well- 
marked  buffy  coat.f    The  same  fact  may  be  experimentally  demon- 
strated, by  the  use  of  methods  which  effect  an  artificial  separation  of 
the  Fibrin  from  the  Corpuscles.    Thus  Miiller  placed  the  blood  of  a 
Frog,  diluted  with  water  (or  still  better,  with  a  very  thin  syrup),  on  a 
paper  filter,  when  the  Liquor  Sanguinis,  having  passed  through  com- 
pletely unmixed  with  the  corpuscles,  presented  a  distinct  coagulum  ; 
although,  from  the  diluted  state  of  the  fluid,  this  did  not  possess  much 
consistency.    Owing  to  the  more  minute  size  of  the  Blood-discs  of 
warm-blooded  animals,  this  experiment  cannot  be  so  readily  performed 
with  their  blood.    So,  again,  if  fresh-drawn  blood  be  continually  stirred 
with  a  stick,  the  Fibrin  will  adhere  to  it  in  strings  during  ?ts  coagula- 
tion ;  and  the  Red  corpuscles  will  be  left  suspended  in  the  serum,  with- 
out the  slightest  tendency  to  coagulate.    Moreover,  if  a  solution  of  any 
salt  that  has  the  property  of  retarding  the  coagulation  (such  as  car- 
bonate of  potash  or  sulphate  of  soda)  be  added  to  the  blood,  the  Cor- 
puscles will  have  time  to  sink  to  the  lower  stratum  of  the  fluid  before 
the  clot  is  formed  ;  the  greater  part  of  the  crassamentum  is  then  entirely 
colourless,  and  is  found  by  the  microscope  to  contain  few  or  no  red 
particles.    It  will  be  presently  shown,  however,  that  the  difference  of 
specific  gravity  is  by  no  means  the  only  cause  of  the  separation  of  the 
Corpuscles  from  the  Liquor  Sanguinis.    Generally  speaking,  the  fibril- 
ation  is  more  perfect,  the  more  slowly  it  takes  place;  and  the  higher 
tne  previous  vitalization  of  the  fibrin,  the  longer  is  it  before  it  changes 
its  state.    Thus  the  coagulation  of  sthenic  inflammatory  blood,  which 

and  /^M^^u  6  that  this  ^ctrine,  clearly  established  by  the  older  Physiologists, 
iint™. kTu y  I  .ew8on»  sbould  ever  have  been  put  aside,  even  temporarily,  for  the 
of  its  r?  1  7P  ,  18  that  the  coagulation  of  the  blood  is  due  to  a  running-together 
subipM  (lcorpu8cJ [es;— For  an  admirable  summary  of  the  history  of  opinion  on  this 
by  the  Sydenham* SocieT'?  lntroduction  to  his  Edition  of  Hewson's  works  (published 
t  Bernard,  '«  Lecons,,y'l859,  p.  432. 
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produces  a  clot  of  remarkable  firmness,  is  much  longer  in  taking  place 
than  the  coagulation  of  ordinary  blood ;  whilst  the  coagulation  of  the 
blood  of  cachectic  subjects,  which  takes  place  very  rapidly,  is  feeble  and 
imperfect.  The  plastic  effusions  poured-out  from  the  blood  in  these 
two  opposite  conditions,  partake  of  the  character  of  the  blood  itself ; 
those  of  the  inflammatory  blood  of  a  previously  healthy  subject  being 
converted  into  fibrous  membranes  of  considerable  firmness,  which  are 
subsequently  penetrated  by  blood-vessels,  and  become  regularly- 
organized  tissues ;  whilst  those  proceeding  from  the  blood  of  cachectic 
subjects  frequently  undergo  a  certain  degree  of  organization  with  great 
rapidity,  but  do  not  go-on  to  the  same  perfection,  and  speedily 
degenerate.* 

206.  Instances  occasionally  present  themselves,  in  which  the  blood 
does  not  coagulate  after  death,  or  coagulates  very  imperfectly.  It  was 
affirmed  by  Hunterf  that  no  coagulation  occurs  in  the  blood  of  animals 
hunted  to  death,  or  of  those  killed  by  lightning,  by  electric  shocks,  or  by 
blows  upon  the  epigastrium  ;  and  this  statement  has  been  generally 
received  upon  his  authority.  It  is  far,  however,  from  being  constantly 
true;  for  Mr.  Gulliver  has  made  observations  and  collected  numerous  cases 
in  which  coagulation  was  found  to  have  taken  place  in  the  blood  of 
animals  killed  in  each  of  these  modes ;  in  some  of  them,  however,  the 
coagulation  was  very  imperfect.^  It  is  not  improbable  that  some  of  the 
instances  of  apparent  absence  of  coagulation  were  really  cases  of  retarded 
coagulation  (§  207)  ;  and  Dr.  Polli  goes  so  far  as  to  maintain,  that  the 
complete  absence  of  coagulating  power  is  a  phenomenon  which  has  no 
real  existence.  He  states  that  he  has  never  met  with  an  instance  in 
which  the  blood,  when  left  to  itself,  and  duly  protected  from  external 
destructive  influences,  did  not  coagulate  before  becoming  putrid ;  and 
that  he  has  more  than  once  found  blood  to  coagulate,  which  had  been 
taken  in  a  fluid  state  from  the  vessels  thirty-six  or  forty-eight  hours 
after  death. §  Still  there  seems  no  reasonable  doubt  that  non-coagula- 
tion may  occur,  when  the  blood  has  been  previotisly  subjected  to  con- 
ditions which  affect  the  vitality  of  its. fibrin.  Such  appears  to  be  the 
case,  for  example,  when  death  occurs  from  Asphyxia,  as  by  hanging, 
drowning,  or  breathing  of  irrespirable  gases  ;||  and  the  same  has  been 
observed  in  cases  of  poisoning  by  hydrocyanic  acid,  in  which  asphyxia 
was  probably  the  immediate  cause  of  death.  In  certain  diseased  states, 
again,  we  have  seen  that  the  coagulating  power  seems  to  be  completely 
deficient  (§  198). 

207.  The  rapidity  of  Coagulation,  and  the  degree  in  which  the  clot 
solidifies,  vary  considerably ;  in  general,  they  are  in  the  inverse  propor- 
tion to  each  other.  Thus,  if  a  large  quantity  of  blood  be  withdrawn  from 
the  vessels  of  an  animal  at  the  same  time,  or  within  short  intervals,  the 

*  See  especially  Mr.  Dalrymple's  Memoirs  '  On  the  rapid  organization  of  Lymph 
in  Cachexia,'  in  the  "  Med.-Chir.  Trans.,"  vol.  xxiii. ;  and  '  On  the  early  organization 
of  Coagula  and  mixed  fibrinous  effusions  under  certain  conditions  of  the  system, 
op.  cit.  vol.  xxvii. 

f  "The  Works  of  John  Hunter,"  edited  by  James  F.  Palmer,  vol.  iii.  pp.  34,  114. 
%  See  "Edinb.  Med.  and  Surg.  Journ.,"  Oct.  1848,  pp.  367,  418  ;  and  his  Edition 
of  "  Hewson's  Works,"  pp.  20,  21. 

§  "  Annali  Universal!,"  1845;  and  Banking's  "  Abstract,"  vol.  ii.  p.  337. 

U  See  Dr.  J.  Davy's  "  Physiological  and  Anatomical  Researches,"  vol.  ii.  p.  192. 
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portions  that  last  flow  coagulate  much  more  rapidly,  as  originally  proved 
by  Hewson,  but  much  less  firmly,  than  those  first  obtained.    In  blood 
Irawn  during  Inflammatory  states,  again,  the  coagulation  is  usually 
dow,  but  the  clot  is  preternaturally  firm ;  especially  at  its  upper  part, 
where  the  Buffy  coat  (§  211)  or  colourless  stratum  of  fibrin  gradually 
:ontracts,  and  produces  the  1  cup,'  which  may  be  generally  considered  to 
ndicate  a  high  degree  of  Inflammation.  Although  the  Blood  withdrawn 
rom  the  body  coagulates  (except  under  the  peculiar  circumstances  just 
j  tated),  whether  it  be  kept  at  rest  or  in  motion,  whether  its  temperature 
*  )e  high  or  low,  and  whether  it  be  excluded  from  the  air,  or  be  admitted 
•I  0  free  contact  with  the  atmosphere,  yet  its  coagulation  may  be  accele- 
rated or  retarded  by  variation  in  these  conditions. — If  the  blood  be  con- 
tinually agitated  in  a  bottle,  its  coagulation  is  delayed,  though  it  will  at 
?|>ast  take  place  in  shreds  or  insulated  portions  ;  but  that  rest  is  not  the 
f  ause  of  its  coagulation  (as  some  have  supposed)  is  proved  by  the  fact 
I  hat,  if  a  portion  of  blood  be  included  between  two  ligatures  in  a  living 
[  -  essel,  it  will  remain  fluid  for  a  considerable  time  ;*  as  it  also  will 
j  rhen  effused  into  the  midst  of  living  tissues,  or  kept  in  a  state  of 
Stagnation  in  parts  affected  with  inflammation.    Thus  Mr.  Gulliver, 
Resides  other  instances,  mentions  a  remarkable  case  witnessed  by  him- 
3lf,  in  which  a  collection  of  blood  which  had  been  effused  in  conse- 
1  uence  of  a  bruise  on  the  loins,  was  found  uncoagulated  when  let-out 
J  iventy-eight  days  afterwards;  it  measured  five  ounces,  was  as  liquid  as 
I  lood  just  drawn  from  a  vein,  and  showed  the  normal  characters  when 
E  xamined  microscopically ;  and  it  coagulated  in  a  cup  in  less  than  thirty 
I  unutes.f    And  Mr.  Paget  mentions  that  he  has  known  the  blood 
|  jmain  fluid  in  the  vessels  of  an  inflamed  part,  though  in  a  state  of 
j  |  Dmplete  stagnation,  for  as  long  as  three  days.| — Again,  the  coagulation 
accelerated  by  moderate  warmth,  the  natural  heat  of  the  body  from 
hich  the  blood  is  taken  appearing  to  be  most  favourable  to  it ;  but  the 
oagulating  power  appears  to  be  destroyed  by  a  temperature  of  about 
I  )0°,  blood  heated  to  that  point  remaining  permanently  fluid. §    On  the 
her  hand,  the  coagulation  is  retarded  by  cold ;  but  the  coagulating 
lower  is  not  destroyed  even  by  extreme  cold;  for  if  blood  be  frozen 
r.  lmediately  that  it  is  drawn,  it  will  coagulate  on  being  thawed. — More- 
il/er  it  is  accelerated  by  exposure  to  air,  but  it  is  not  prevented  by  com- 
\  I  ete  exclusion  from  it,  as  is  proved  by  its  taking  place  in  a  vacuum,  or 
fc.  a  shut  sac  within  the  dead  body  :  complete  exclusion  from  the  air, 
j-  iwever,  retards  the  change  ;  as  may  be  easily  shown  by  causing  blood 
i  flow  into  a  vessel  containing  oil,  which  will  form  an  impervious  coat- 
1  g  on  its  surface,  and  will  occasion  the  coagulation  to  take  place  so 
,l>wly,  that  the  red  particles  have  time  to  subside,  and  the  upper 

I  *  The  testimony  of  all  experimenters  is  in  accordance  on  this  point,  although  they 

I  fer  as  to  the  length  of  time  that  elapses  before  coagulation  commences.  Mr. 
I  ilhver  states  that  out  of  many  trials  made  by  him,  the  coagulation  commenced 
Y      two  hours  in  only  a  few  instances  ;  more  commonly,  three,  four,  or  five  houra 

I I  psed  before  any  clot  was  formed ;  and  in  one  instance,  the  coagulation  was  incom- 
I  te  at  the  end  of  twenty-four  hours.  In  all  these  experiments,  the  blood  coagulated 
I  ™e  c°urse  of  a  few  minutes,  when  withdrawn  from  the  living  vessel. — See  Mr. 
I  tlliver'a  edition  of  "  Hewson's  Works,"  p.  23. 

1  f-  Op.  cit.  p.  17.  J  "  Lectures  on  Surgical  Pathology,"  vol.  i.  p.  310. 

j  I  'iulhver,  Op.  cit.  pp.  4,  5. 
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stratum  of  the  clot  is  colourless.* — The  effect  of  the  addition  of  strong 
solutions  of  neutral  salts  to  fresh  blood,  is  usually  to  retard,  and  some- 
times even  to  prevent,  its  coagulation  ;  and  the  same  effect  is  produced 
by  many  vegetable  substances,  particularly  those  of  the  narcotic  and 
sedative  class,  such  as  opium,  belladonna,  aconite,  hyoscyamus,  digitalis, 
and  tea  or  coffee  in  strong  infusion.f  The  action  of  most  of  those  sub- 
stances, however,  which  preserve  the  fluidity  of  the  blood,  only  con- 
tinues during  such  time  as  their  solutions  retain  a  certain  strength ;  for 
if  they  be  diluted,  coagulation  will  then  take  place,  although  in  most 
cases  less  perfectly  than  it  would  have  done  at  first.  There  appears  to 
be  no  limit  to  the  time  during  which  the  coagulation  may  be  thus  post- 
poned ;  thus  Mr.  Gulliver^  mentions  that  he  has  kept  horse's  blood  fluid 
with  nitre  for  fifty-seven  weeks,  and  that  it  still  readily  coagulated  when 
diluted  with  water.§ — It  is  not  so  difficult,  therefore,  as  it  might  other- 
wise seem,  to  give  credit  to  the  statement  of  Dr.  Polli,  that,  in  a  case 
witnessed  by  himself,  complete  coagulation  of  the  blood  did  not  take 
place  until  fifteen  days  after  it  had  been  withdrawn  from  the  body  ;  and 
that  fifteen  days  more  elapsed,  before  putrefaction  commenced  in  it. 
The  upper  four-fifths  of  the  clot  were  colourless,  the  red  corpuscles 
occupying  only  the  lowest  fifth.  It  is  additionally  remarkable,  that  thel 
patient  (who  was  suffering  under  acute  pneumonia)  being  bled  very  fre- 
quently during  the  succeeding  week,  the  blood  gradually  lost  its  indis- 
position to  coagulate. ||  Neither  heat,  ammonia,  nor  carbonic  acid  appear 
to  be  evolved,  as  was  formerly  supposed,  during  coagulation. 

208.  The  vital  condition  of  the  walls  of  the  blood-vessels  appears  toj 
have  an  important  influence  upon  the  fluidity  of  the  Blood.  Thus  it  haa 
been  found  by  Sir  A.  Cooper  and  Mr.  Thackrah,  that  whilst  blood  en4 
closed  in  a  living  vein  retained  its  fluidity  for  some  time  (§  207),  bloocfl 
similarly  enclosed  in  a  dead  vein,  the  atmosphere  being  completely  ex-jj 
eluded,  coagulated  in  a  quarter  of  an  hour.  Moreover,  inflammation  of 
the  walls  of  the  blood-vessels  (which  is  a  condition  of  depressed  vitality! 
chap,  x.)  promotes  the  coagulation  of  the  blood  which  they  contain  £ 
and  thus  it  is,  that  the  trunks  both  of  arteries  and  veins  frequenthj 
become  choked-up  by  coagula.  And,  although  there  can  be  no  doubt 
that  a  large  proportion  of  the  loose  fibrinous  masses  found  in  the  heari 

*  Dr.  Babington  in  "  Medico-Chirurgical  Transactions,''  vol.  xvi. 

f  See  Dr.  J.  Davy's  "Anatomical  and  Physiological  Researches,"  vol  ii.  pp.  lOll 
102;  and  Mr.  Prater's  "Experimental  Inquiries  in  Chemical  Physiology,"  pp.  591 
63,  &c.  A  copious  table  of  the  results  of  their  experiments  is  given  in  Mr.  Ancell  | 
'  Lectures  on  the  Physiology  and  Pathology  of  the  Blood,'  in  the  "  Lancet"  foil 
Dec.  21,  1839. 

X  Mr.  Gulliver  considers  this  fact,  together  with  the  occurrence  of  coagulation  o»j 
the  thawing  of  blood  which  has  been  frozen  whilst  yet  fluid,  as  conclusive  against  thJj'i 
vital  character  of  the  act ;  remarking  that  if  we  believe  the  coagulation  to  be  af  f 
effect  of  life,  we  must  admit  that  we  can  freeze  and  pickle  the  life  (Op.  cit.  p.  21).  N|J 
such  admission,  however,  is  necessary.  We  do  not  freeze  and  pickle  the  life ;  but  w|i< 
simply  preserve  the  vital  properties  of  the  substance,  by  preventing  it  from  undej 
going  spontaneous  change  ;  thus  doing  the  same  for  the  blood,  as  may  be  done*  fd 
seeds,  eggs,  and  even  highly-organized  bodies,  which  may  be  kept  in  a  state  fl'* 
'  dormant  vitality'  for  unlimited  periods,  by  cooling  or  drying  them,  or  by  secludinl  [ 
them  from  the  atmosphere.    (See  "Princ.  of  Gen.  Physiol.*') 

§  Op.  cit.  p.  12.  „  II 

||  "Gazetta  Medica  di  Milano,"  Genn.  20,  1844  ;  cited  in  Mr.  Paget's  'Report  i|  t 
"  Brit,  and  For.  Med.  Rev.,"  vol.  xix.  p.  252. 
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and  large  vessels  after  death,  are  the  result  of  post-mortem  coagulation, 
yet  there  is  often  adequate  evidence,  derived  from  the  symptoms  pre- 
viously observed,  and  from  the  appearances  presented  by  the  coagula 
themselves,  that  the  coagulation  has  commenced  during  life  ;  and  in  all 
cases  of  this  kind  there  has  been  a  marked  depression  of  vital  power  for 
some  time  previous  to  the  final  extinction  of  life.  Again,  it  was  found 
by  Schroeder  Van  der  Kolk,*  that  if  the  substance  of  the  brain  and 
spinal  marrow  be  broken-down,  coagulation  of  the  blood  takes  place 
■whilst  it  is  still  moving  within  the  vessels  ;  clots  being  found  in  them, 
even  within  a  few  minutes  after  the  operation.  Further,  that  the  con- 
tact of  a  dead  substance  promotes  coagulation,  f  even  in  the  living  and 
actively-moving  blood,  is  shown  by  the  experiments  of  Mr.  Simon,  who 
carried  a  single  thread  (by  means  of  a  very  fine  needle)  transversely 
•  iirough  an  adjacent  artery  and  vein  of  a  dog,  and  left  it  there,  so  that  it 
might  cut  the  stream,  for  a  period  of  from  twelve  to  twenty -four  hours ; 
the  consequence  of  which  was,  that  a  coagulum  was  formed  upon  the 
thread,  more  or  less  completely  obstructing  the  vessel.  There  was,  how- 
ever, a  marked  difference  in  the  coagula  formed  within  the  artery  and 
the  vein  respectively,  which  may  be  attributed  to  the  difference  in  the 
quality  of  the  fibrin  in  the  blood  of  the  two  vessels,  or  to  the  difference 
in  the  rate  of  its  motion,  or  to  both  causes  conjointly  ;  for  the  thread 
■which  traversed  the  artery  usually  presented  a  '  vegetation'  on  its  sur- 
face, sometimes  as  large  as  a  grain  of  wheat,  always  of  a  pyramidal 
shape,  with  its  base  attached  to  the  thread,  and  its  apex  down-stream ; 
whilst  the  venous  coagulum  was  a  voluminous  black  clot,  chiefly  collected 
on  that  side  of  the  thread  remotest  from  the  heart.  J 

209.  Again,  the  contact  of  dead  animal  matter  with  the  Blood  appears 
to  promote  the  coagulation  of  its  fibrin  in  a  very  remarkable  degree  ; 
occasioning  coagula  to  form,  whilst  it  is  yet  actively  moving  in  the  vessels 
of  the  living  body.  Thus  M.  Dupuy  found  that  the  injection  of  cerebral 
substance  into  the  veins  of  an  animal  occasioned  its  death  almost  as  in- 
stantaneously as  if  prussic  acid  had  been  administered  ;  the  circulation 
being  rapidly  brought  to  a  stand,  by  the  formation  of  voluminous  clots 
in  the  heart  and  large  vessels.  These  experiments  were  repeated  and 
confirmed  by  M.  de  Blainville.§ — The  same  effect  is  produced  with  still 

*  "Comment,  de  Sanguinis  Coagulatione,"  Groningen,  1820. 
t  For  various  proofs  of  which  see  Lister.    '  Croonian  Lecture  on  the  Coagulation 
of  the  Blood,'  ia  "Lancet"  for  1863,  vol.  ii.  p.  179. 

t  "Lectures  on  General  Pathology,"  p.  56. — Mr.  Simon  applies  this  fact  to  the  ex- 
planation of  the  '  vegetations'  which  so  commonly  present  themselves  upon  the  valves 
of  the  heart,  in  cases  of  rheumatic  endocarditis ;  maintaining  that  they  are  simple 
,^P.0S^S  fr.ora  tne  fibrm  of  the  blood,  which  is  unusually  abundant  in  this  condition. 
•This  doctrine  can  only  he  substantiated,  however,  by  a  careful  microscopic  examina- 
tion of  these  substances ;  and  if  they  should  be  proved  to  have  the  simple  constitution 
which  Mr.  Simon  imputes  to  them,  the  fact  will  in  no  degree  set  aside  (as  he  seems  to 
consider  it  must  do)  the  existence  of  endocardial  inflammation,  hut  will  rather  confirm 
it,  since  the  deposition  of  fibrin  on  those  particular  spots  is  likely  to  be  specially  de- 
termined by  inflammation  of  the  subjacent  membrane. 

§  "Gazette  Me'dicale,"  1834,  p.  521. — There  is  no  reason  to  suppose  that  cerebral 
substance  possesses  a  more  special  influence  than  would  be  exerted  by  any  other 


tissue  which  could  be  as  easily  mixed-up  with  the  circulating  current.  The  presence 
oi  a  piece  of  flesh  or  of  the  clot  of  blood,  as  Prof.  Buchanan  has  shown,  often  suffices 
to  determine  the  coagulation  of  fibrin  in  a  solution  from  which  it  would  not  otherwise 
lave  separated. 
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more  potency,  when  the  substance  injected  is  rather  undergoing  degra- 
dation, than  actually  dead  ;  for  it  then  seems  to  act  somewhat  after  the 
manner  of  a  ferment,  producing  a  marked  diminution  in  the  vitality  of 
the  solids  and  fluids  with  which  it  may  be  brought  in  contact.    Such  is 
pre-eminently  the  case  with  pus,  as  was  long  ago  observed  by  Hunter, 
and  as  Mr.  H.  Lee  has  since  determined  more  precisely.    It  was  found 
by  the  latter,  that  healthy  blood  received  into  a  cup  containing  some 
offensive  pus  coagulated  in  two  minutes ;  whilst  another  sample  of  the 
same  blood,  received  into  a  clean  vessel  of  similar  size  and  shape,  re- 
quired fifteen  minutes  for  its  complete  coagulation.    When  he  injected 
putrid  pus  into  the  jugular  vein  of  a  living  ass,  coagulation  took  place  so 
instantaneously  as  to  produce  an  immediate  obstruction  to  the  current  of 
blood,  so  that  the  vessel  at  once  acquired  a  cord-like  character ;  and  in 
this  mode,  the  pus  was  usually  prevented  from  finding  its  way  into  the 
general  current  of  the  circulation.    Whilst  it  thus  remains  circum- 
scribed by  a  coagulum  of  blood,  the  pus  so  introduced  seems  to  pro- 
duce no  other  constitutional  disturbance  than  is  attributable  to  the  local 
injury ;  but  if  the  circumscription  should  be  incomplete,  and  the  pus 
should  be  carried  into  the  general  circulation,  it  becomes  a  source  of 
extensive  mischief,  determining  the  formation  of  abscesses  in  various 
parts,  and  producing  a  most  depressing  influence  on  the  system  at  large.* 
— The  effect  of  certain  animal  poisons  of  a  still  more  potent  nature, 
when  introduced  into  the  current  of  the  circulation  (as  by  the  bite  of 
venomous  serpents),  appears  to  be,  like  that  of  a  high  temperature,  the 
entire  destruction  of  the  coagulating  power  of  the  blood ;  possibly,  as 
Dr.  Halfordf  has  suggested,  by  the  rapid  development  of  corpuscles  of 
germinal  matter  at  the  expense  of  the  oxygen  contained  in  it,  as  well  as 
of  the  vital  endowments  of  the  tissues  generally. 

210.  The  proportions  of  Serum  and  Clot  which  present  themselves 
after  coagulation,  are  liable  to  great  variation,  independently  of  the 
amount  of  the  several  ingredients  characteristic  of  each  ;  for  the  crassa- 
mentum  may  include,  not  only  the  fibrin  and  red  corpuscles,  but  also  a 
large  proportion  of  the  serum,  entangled  (as  it  were)  in  its  substance. 
This  is  particularly  the  case  when  the  coagulation  is  rapid ;  and  the  clot 
then  expels  little  or  none  of  it  by  subsequent  contraction.    On  the  other  I 
hand,  if  the  coagulation  be  slow,  the  particles  of  fibrin  usually  seem 
to  become  more  completely  aggregated,  the  coagulum  is  denser  at  first, 
and  its  density  is  greatly  increased  by  subsequent  contraction.    When  a 
firm  fresh  clot  is  removed  from  the  fluid  in  which  it  is  immersed,  its 
contraction  is  found  to  go-on  increasing  for  24  or  even  48  hours,  serum 
being  squeezed-out  in  drops  upon  its  surface ;  and  in  order,  therefore,  | 
to  form  a  correct  estimate  of  the  relative  proportions  of  Crassamentum 
and  Serum,  the  former  should  be  cut  into  slices,  and  laid  upon  bibu- 
lous paper,  that  the  latter  may  escape  from  it  as  freely  and  completely 
as  possible.    According  to  the  experiments  of  Mr.  Thackrah,|  coagula-  I 
tion  takes  place  sooner  in  metallic  vessels  than  in  those  of  glass  or 
earthenware,  and  the  quantity  of  serum  separated  is  much  less;  in  one 

*  See  Mr.  H.  Lee's  excellent  Treatise  "On  the  Origin  of  Inflammation  of  the 
Veins,  and  on  Purulent  Deposits." 

f  "  On  the  Condition  of  the  Blood  after  Death  by  Snakebite."   Melbourne,  1867. 
+  "  Enquiry  into  the  Nature  and  Properties  of  the  Blood,"  2nd  edit.,  p.  66. 
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instance,  the  proportion  of  serum  to  clot  was  as  10  to  24|,  when  the 
blood  coagulated  in  a  glass  vessel ;  whilst  a  portion  of  the  same  blood, 
coagulating  in  a  pewter  vessel,  gave  only  10  of  serum  to  175  of  clot. 
The  specific  gravity  of  Blood  is  no  measure  of  its  coagulating  power ; 
for  a  high  specific  gravity  may  be  due  to  an  excess  in  the  amount  of 
corpuscles,  which  form  the  heaviest  part  of  the  blood;  and  maybe 
accompanied  by  a  diminution  in  the  quantity  of  fibrin,  which  is  the 
coagulating  element. 

211.  The  surface  of  the  Crassamentum  not  unfrequently  exhibits,  in 
certain  disordered  conditions  of  the  blood,  a  layer  that  is  nearly  free 
from  colour ;  and  this  is  known  as  the  Buffy  Coat.    Its  presence  has 
iwen  frequently  regarded  as  a  sign  of  the  existence  of  Inflammation,  in- 
dicating an  undue  predominance  of  fibrin ;  but  this  idea  is  far  from 
Deing  correct,  since,  as  occurs  in  chlorosis  (§  199),  it  may  result  from 
in  opposite  condition  of  the  blood.    Its  occurrence  in  the  human  sub- 
ect,  excepting  in  the  female  during  the  later  stages  of  utero-gestation, 
s  certainly  pathological ;  but  in  some  animals,  as  in  the  horse,  the  blood 
:lot  is  regularly  buffy.    Conclusive  evidence  that  the  formation  of  the 
mft'y  coat  is  due  to  the  clumping  together,  and.  consequent  more  rapid 
inking  of  the  red  corpuscles,  is  afforded  by  the  facts  that  its  appearance 


Fig.  91. 


Red  corpuscles  of  Man  (on  the  same  scale  of  one-four -thousandth  of  an 
inch,  as  marked  at  Pig.  80).  At  a,  the  corpuscles  are  seen  flat,  on  edge,  and 
in  rolls ;  the  two  first  corpuscles  show  the  central  spot  or  concavity,  dark  and 
light;  next  are  shown  the  biconcave  and  concavo-convex  forms ;  among  the 
rolls,  one  corpuscle  is  drawn  out  by  virtue  of  its  viscidity,  and  would  resume 
its  circular  shape  by  virtue  of  its  elasticity.  At  6,  the  pale  membranous 
frames  of  the  corpuscles  are  shown,  completely  devoid  of  any  nucleus,  and 
deprived  of  their  coloured  viscid  part  by  three  days'  washing  in  water,  and 
then  treated  with  sublimate. 

hindered  by  artificially  separating  the  corpuscles,  whilst  it  is  hastened 
increased  as  their  aggregation  increases.  Thus,  as  shown  in  Gul- 
rer's  experiments,  dilute  solutions  of  neutral  alkaline  salts  prevent  the 
nning  together  of  the  corpuscles  and  retard  the  formation  of  the  buffy 
at.  On  the  contrary,  certain  viscid  matters  increase  the  clumping  of 
e  corpuscles,  and  coincidentally  the  quickness  of  formation  and 
tantity  of  the  buffy  coat.  But  the  most  curious  and  decisive  proof  is 
a  discovery  by  Gulliver  that  in  fluid  blood  the  sinking  of  the  red  cor- 
scles  increases  in  a  kind  of  arithmetical  ratio,  slowest  when  they  first 
gm  to  collect  into  clumps,  and  fastest  at  the  very  time  when  these 
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clumps  are  most  fully  formed ;  so  that  the  corpuscles  would,  in  somd 
instances,  take  two  and  a  half  minutes  at  first  to  sink  through  one-eighth 
of  an  inch  of  the  liquor  sanguinis/  but  only  two  and  a  half  minutes  mora 
to  sink  through  a  further  three-eighths  of  an  inch.  It  is  remarkable,  ad 
Gulliver*  notices,  that  Hunter  was  well  acquainted  with  the  clumps  oj 
the  red  corpuscles  in  inflammatory  blood.  In  severe  Chlorosis,  thd 
buffy  coat  appears,  according  to  Andral,  to  be  due,  not  to  an  increabd 
in  the  proportion  of  the  fibrin,  as  in  inflammation,  but  to  a  diminuj 
tion  in  the  proportion  of  corpuscles,  that  of  the  fibrin  remaining  unl 
changed. 

212.  The  actual  cause  of  the  separation  and  coagulation  of  the  fibril 
is  still  exceedingly  obscure.    Dr.  Buchanan j- remarked  that  fibrin  migl 
apparently  be  formed,  or  at  least  that  coagulation  could  be  induced,  b] 
mixing  two  serous  fluids  like  those  of  Hydrocele  and  Ascites,  or 
Ascites  and  Pleurisy,  neither  of  which  had,  separately,  any  tendency 
coagulate ;  and  that  coagulation  was  equally  caused  by  putting  into  tl 
serum  portions  of  blood,  clot,  or  of  fibrin,  either  fresh  or  powdered 
muscular  fibre,  or  other  tissues.   To  the  same  effect  are  the  more  receij 
observations  of  Schmidt,|  who  attempts  to  explain  the  phenomena  i| 
question  by  attributing  them  to  the  combination  of  two  substances  exisl 
ing  in  the  liquor  sanguinis.    To  one  of  these  he  has  applied  the  nani 
of  Fibrinoplastic  substance,  globulin  or  crystallin,  though  it  differs  frof 
the  crystallin  obtained  from  the  lens  of  the  eye  in  its  non-precipitJ 
bility  by  heat  and  alcohol,  and  has  '  therefore  been  termed  by  Kuhn 
Paraglobulin.    To  the  other  substance,  which  is  closely  allied  to  ore 
nary  albumen,  he  has  given  the  name  of  Fibrinogenic  substance 
Fibrinogen.    Both  of  these  compounds  are  precipitated  from  dilute  si 
lutions  by  carbonic  acid,  the  latter  with  somewhat  greater  difficull 
than  the  former.    Both  Schmidt  and  Hoppe-Seyler  have  been  si 
cessful  in  producing  a  coagulum  differing  in  no  respect  from  ordinal 
fibrin,  by  the  admixture  of  these  two  substances  in  a  condition  as  pi 
as  it  was  possible  to  obtain  them.    A  very  small  quantity  of  Paragl) 
bulin  is   capable  of  effecting  the  coagulation  of  a  relatively  lar 
quantity  of  Fibrinogen.    Schmidt  appears  to  think  that  both  of  thd 
substances  are  weakly  acid,  and  are  combined  with  a  certain  proportion | 
base,  and  that  when  brought  into  contact  with  one  another  they  uni| 
displacing  a  part  of  the  base,  which  explains  the  increased  alks 
of  the  fluid  in  which  the  coagulation  has  occurred.  Brown-Seqi 
has  made  the  curious  observation,  that  on  injecting  defibrinated  blc 
into  the  separated  limbs  of  animals,  fibrin  is  formed,  especially  if 
muscles  are  tetanized ;   and  similar  results  have  been  obtained 
Bernard. ||    It  is  remarkable  that  Splenic  Venous  Blood,  when  defil 
nated,  will,  on  exposure  to  the  air,  form  a  second  coagulum. 
blood  returning  from  the  kidneys  and  liver  has  little  or  no  tendency 
coagulate  ;  hence,  Brown-Sequard  has  argued  that  fibrin  is  destroye 
these  organs,  and,  from  a  calculation  based  on  the  quantity  of  blq 

*  See  Lectures,  "Med.  Times  and  Gaz."  1863,  Oct.  17;  Hewson's  works; 
originally  in  "Edin.  Med.  and  Surg.  Journal." 
f  "Proceedings  of  Glasgow  Phil.  Society,"  1845. 
i  Midler's  "  Archiv,"  1862,  p.  543. 

§  "Journal  de  la  Physiol.,"  torn.  i.  p.  299,  1858.     ||  "  Lecons,"  1859,  vol.  i.  p. 
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transmitted  through  the  renal  arteries,  estimates  the  total  quantity  of 
fibrin  .decomposed  by  the  kidneys  alone  at  from  8  to  10  lbs.  per  diem. 

213.  Of  the  particular  purposes  which  are  served  by  the  fibrin  of  the 
blood  in  the  vital  economy  of  the  system  at  large,  it  must  be  confessed 
that  we  have  but  little  positive  knowledge.  But  putting  aside  its  pre- 
sumed importance  in  maintaining  that  physical  condition  of  the  blood 
which  is  most  favourable  to  its  free  movement  through  the  vessels,  and 
to  its  due  retention  within  their  walls  (§  203),  we  find  that  it  is  entirely 
on  the  coagulating  powers  of  the  blood  that  the  cessation  of  haemorrhage 
from  even  the  most  trifling  injuries  is  dependent ;  that  the  limitation  of 
purulent  effusions  by  the  consolidation  of  the  surrounding  tissue,  and 
the  safe  separation  of  gangrenous  parts,  can  only  take  place  in  virtue  of 
the  same  property ;  and  that  the  adhesion  of  incised  wounds,  still  more 
the  filling  up  of  breaches  of  substance,  require  as  their  first  condition, 
that  either  the  blood,  or  matter  exuded  from  it  should  be  able  to  assume 
the  state  of  fibrous  tissue.  On  the  other  hand,  we  see  the  consequences 
of  excess  of  the  proportion  of  fibrin,  and  of  that  increased  plasticity  (or 
tendency  to  fibrillate)  which  usually  accompanies  its  augmentation,  in 
the  tendency  to  form  those  plastic  effusions  which  are  characteristic  of 
the  inflammatory  state,  and  which,  if  poured  out  upon  serous  or  mucous 
surfaces  constitute  '  false  membranes'  and  '  adhesions,'  or,  if  infiltrated 
into  the  substance  of  living  tissues,  occasion  their  consolidation.  This 
increased  plasticity  of  the  blood,  however,  may  frequently  be  regarded 
in  the  light  of  an  '  effort  of  Nature  '  to  antagonize  the  evil  consequences 
of  that  depression  or  positive  destruction  of  the  vitality  of  the  solid 
tissues,  which  seems  to  form  an  essential  part  of  the  inflammatory  con- 
dition; and  thus  it  is,  that  whilst  the  central  part  of  a  mass  of  tissue,  in 
.which  the  inflammation  has  been  most  intense,  suffers  complete  death, 
.and  is  carried  away  in  the  suppurative  process,  the  peripheral  part,  in 

which  the  violence  of  the  inflammation  has  been  less,  becomes  infiltrated 
with  plastic  matter  poured  out  from  the  blood,  and  forms  the  solid  and 
mpermeable  wall  of  the  abscess.    (See  chap.  x.  sect.  3.) 

214.  Tinning  now  to  the  corpuscles  of  the  blood,  we  have  to  inquire 
I  nto  their  special  functions,  and  into  the  nature  of  their  participation  in 
she  vital  operations  of  the  system  at  large.  Here,  also,  we  are  obliged 
sorely  upon  evidence  of  a  far  less  satisfactory  nature  than  could  be  de- 

■  ired ;  we  may,  however,  look  upon  them  as  specially  subservient  to 
•he  vital  activity  of  the  Nervo-Muscular  apparatus;  since  it  is  one  of  the 
nost  important  conditions  of  that  activity,  that  these  tissues  shall  be 

;  ;upplied  with  duly-oxygenated  blood,  and  that  the  carbonic  acid  which 
s  one  of  the  products  of  their  disintegration,  shall  be  conveyed  away, 
i  Vnd  thi3  view  is  in  complete  harmony  with  the  fact,  that  the  proportion 
|  »f  red  corpuscles  in  the  blood  bears  a  close  relation  to  the  amount  of 
espiratory  power  (as  shown  in  the  quantity  of  carbonic  acid  set  free, 
[  nd  in  the  amount  of  heat  generated)  in  different  classes  of  Vei  tebrata ; 
I  oth  being  greatest  in  Birds,  nearly  as  great  in  Mammals,  very  low  in 
l-aost  Reptiles,  and  varying  considerably  among  fishes*    Again,  we  ob- 

I  *  Among  Invertebrated  animals,  as  a  general  rule,  the  degree  of  ncrvo-muscular 
I  ncrgy  that  can  be  put  forth,  the  quantity  of  carbonic  acid  produced  in  respiration, 
I  "ti  the  amount  of  heat  generated  in  the  body,  are  alike  at  a  low  standard  ;  and  the 

■  uiu  constituents  of  the  blood,  with  the  colourl  ess  corpuscles  that  float  in  it,  would  seem 
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serve,  that  among  carnivorous  Mammalia,  the  proportion  of  red  cor- 
puscles is  considerably  greater  than  it  is  among  the  Herbivorous  tribes, 
whose  nervo-muscular  energy  is  (upon  the  whole)  so  greatly  inferior ; 
and  it  is  in  the  condition  of  greatest  animal  vigour,  in  the  Human  sys- 
tem, that  we  find  their  amount  the  greatest,  whilst  the  reduction  of  that 
vigour  by  chronic  disease  of  any  description,  seems  invariably  attended 
with  a  more  marked  diminution  in  this  constituent  of  the  blood  than  in 
any  other.  And  in  those  Anasniic  states  of  the  system,  in  which  the 
proportion  of  red  corpuscles  is  reduced  to  an  extremely  low  point 
(§  199),  we  invariably  find  that  the  animal  powers  are  correspondingly 
depressed  ;  the  capacity  for  sustained  exertion,  either  of  the  mental  facul- 
ties, or  of  the  motor  apparatus,  being  almost  destroyed,  although  both  the 
nervous  and  muscular  systems  are  very  easily  excited  to  feeble  action. 

215.  The  difficulty  of  precisely  determining  the  functions  of  the  Red 
corpuscles,  is  even  surpassed  by  that  of  assigning  the  probable  duty  of  the 
Colourless.  The  considerations  already  adduced  appear  to  show,  that  the 
Colourless  corpuscles  are  to  be  considered  as  cells  of  a  lower  grade  than 
the  Red ;  since  they  represent  them  among  Invertebrated  animals,  and 
also  in  the  incipient  blood  of  Vertebrata  ;  and  also,  because  cells  resem- 
bling the  former  (if  not  the  very  same)  pass-on  to  develope  themselves 
into  the  latter.  Still  we  find  that  this  final  change  does  not  occur 
among  the  Invertebrata ;  and  it  is  obvious,  therefore,  that  even  in  their 
colourless  state,  the  corpuscles  have  a  function  to  discharge  in  the  vital 
economy.  The  observations  of  Mr.  Newport  seem  to  indicate,  that  the 
corpuscles  of  the  blood  of  Insects  (some  of  them  in  the  condition  of 
'  granule-cells,'  others  in  that  of  '  nucleated  colourless  cells'),  play  an  im- 
portant part  in  the  elaboration  of  nutrient  material.  For  he  found  that 
the  '  oat-shaped'  corpuscles  (the  'granule-cells'  of  Mr.  Wharton  Jones) 
in  the  Larva,  are  most  numerous  at  the  period  immediately  preceding 
each  change  of  skin  ;  at  which  time  the  blood  is  extremely  coagulable, 
and  evidently  possesses  the  greatest  formative  power  ;  whilst  the  smallest 
number  are  met-with  soon  after  the  change  of  skin,  when  the  nutrient 
matter  of  the  blood  has  been  exhausted  in  the  production  of  .new  epi-j 
dermic  tissue.* 

216.  That  condition  of  the  corpuscular  element  of  the  blood  which  isl 
normal  in  the  Insect,  must  be  considered  as  decidedly  abnormal  in  the! 
Vertebrated  animal,  in  which  the  circulating  fluid  goes-on  to  a  higher! 
phase  of  development ;  and  the  excess  of  Colourless  corpuscles  in  thel 
latter  seems  always  to  be  associated  (save  in  the  early  part  of  fife)  with 
an  imperfect  performance  of  their  nutritive  operations.  Thus,  according!; 
to  the  observations  of  Mr.  Paget,  "j"  they  are  especially  abundant  in  thejl 
blood  of  frogs  that  are  young,  sickly,  or  ill-fed ;  and  as  regards  thel 
human  subject,  he  confirms  the  statement  of  Mr.  Wharton  Jones  andi 
Prof.  J.  H.  Bennett,  that  the  increased  proportion  of  Colourless  cor-} 

to  convey  oxygen  to  the  tissues,  and  carbonic  acid  to  the  respiratory  organs,  wifbj 
sufficient  facility.  In  Insects,  however,  the  case  is  different;  the  nervo-mnscula» 
activity,  capacity  of  respiration,  and  heat-producing  power  being  all  extraordinarily 
high.  The  want  of  red  corpuscles  would  here  seem  to  be  compensated,  so  far  as  th« 
respiratory  process  is  concerned,  by  the  introduction  of  air,  through  the  tracheal 
apparatus,  into  the  tissues  themselves.  (See  "  Princ.  of  Comp.  Phys.,"  Chap,  vinj 
sect.  3,  and  Chap.  x.  sect.  3.)  J  i 

*  "  Philosoph.  Magazine,"  May,  1845.    t  "  Surgical  Pathology,"  vol.  i.  pp.  313,  314 , 
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puscles  in  inflamed  blood  is  most  frequent  when  the  subjects  of  the  dis- 
ease are  persons  in  weak  health,  or  of  the  tuberculous  diathesis.  Mr. 
Paget  •  has  also  furnished  a  remarkable  confirmation  of  this  view,  in  the 
observation,  that  the  inflammatory  exudations  produced  in  different  in- 
dividuals, by  the  application  of  the  same  stimulus  on  the  same  tissue 
{e.g.  by  the  action  of  a  blister  on  the  skin)  are  found  to  present  a  pre- 
dominance of  the  fibrinous  or  of  the  corpuscular  element,  according  to 
the  general  condition  of  the  patient. — 11  The  highest  health  is  marked  by 

|  an  exudation  containing  the  most  perfect  and  unmixed  fibrin  ;  the  lowest 
by  the  formation  of  the  most  abundant  corpuscles,  and  their  nearest 
approach,  even  in  their  early  state,  to  the  characters  of  pus- cells."  From 

.  such  evidence  we  seem  forced  to  the  conclusion,  that,  whether  or  not 

.  the  Colourless  corpuscles  are  to  be  regarded  in  any  other  light  than  as 
blood-cells  not  yet  fully  developed, ^their  multiplication  is  not  the  source 
of  increase  in  the  fibrinous  constituent  of  the  liquor  sanguinis. 

217.  The  fitness  of  the  Blood  for  circulation  through  the  body  is 
maintained  partly  by  the  action  of  the  proper  excretory  apparatus,  and 
partly  by  the  power  which  every  tissue  possesses  of  withdrawing  from 
the  circulating  fluid  some  particular  material,  or  combination  of  ma- 
terials, which  constitutes  its  own  special  pabulum ;  and  as  the  '  pabu- 
lum' of  each  tissue  is  different,  it  follows  that  the  normal  composition 
of  the  blood  can  only  be  preserved,  without  waste  of  substance,  by 
the  existence  of  such  a  balance  between  the  appropriative  action  of  the 
several  parts,  as  shall  cause  a  certain  equivalent  of  blood  to  supply,  with- 
out deficiency  or  surplus,  the  materials  which  they  collectively  require. 

3  Such  a  balance  is,  in  fact,  ordinarily  preserved ;  and  its  maintenance  is 
one  of  the  most  marvellous  of  those  exemplifications  of  Design,  which  the 
vital  economy  of  the  body  presents  in  no  less  a  degree  than  its  organized 

I  structure ;  an  exemplification,  however,  which  becomes  yet  more  mar- 
vellous, when  it  is  shown  that  not  only  every  kind  of  tissue,  but  every 
spot  of  every  organ,  has  its  own  special  1  pabulum ;'  drawing  something 

I  from  the  blood,  which  is  different  from  that  appropriated  by  every  other 

i  part  of  the  body,  save  the  corresponding  spot  on  the  opposite  side.  This 
position  seems  fully  established  by  the  researches  of  Dr.  W.  Budd  and  of 
Mr.  Paget  on  '  Symmetrical  Diseases,'*  the  phenomena  of  which  are  full 

•  of  interest,  as  illustrating  the  ordinary  operations  of  Nutrition.  From 
a  general  consideration  of  these  as  displayed  in  various  rheumatic  and 

-  syphilitic  affections,  the  conclusion  seems  unavoidable,  that,  however 
closely  one  portion  of  skin  or  bone  may  seem  to  resemble  another,  the 
only  parts  that  are  exactly  alike  are  those  which  repeat  each  other 
symmetrically  on  the  opposite  sides  of  the  body ;  for,  although  no  power 

I  of  artificial  chemistry  may  determine  the  difference,  the  chemistry  of 
the  living  body  makes  it  evident,  the  morbid  material  testing-out  the 
parte  for  which  it  has  the  greatest  affinity,  uniting  with  these  alone,  and 

j  passing-by  the  rest.    It  has  been  further  pointed-out  by  Dr.  W.  Budd, 

I  as  indicated  by  the  phenomena  of  these  diseases,  that  next  to  the  parts 

|  which,  are  symmetrically  placed,  none  are  so  nearly  identical  in  composi- 
tion as  those  which  are  analogous,  such  as  the  corresponding  parts  of 
the  superior  and  inferior  extremities. — All  these  facts  tend  to  demon- 

*  See  their  original  Essays  on  this  subject  in  the  "  Med.-Chir.  Trans.,"  vol.  xxv. 
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strate  the  perfect  and  most  minute  exactness  of  the  adaptation  which 
must  exist  in  the  state  of  health  between  the  blood  and  all  the  tissues, 
as  well  as  the  almost  inconceivable  minuteness  of  the  departure  from 
this  adajitation  which  may  become  a  source  of  disease.    And  hence  we 
are  led  to  the  conclusion,  that,  as  Treviranus  phrased  it,  "  each  single 
part  of  the  body,  in  respect  of  its  nutrition,  stands  to  the  whole  body  in 
the  relation  of  an  excreted  substance  ;"  or,  in  other  words,  each  part  of 
the  body,  by  taking  from  the  Blood  the  peculiar  substances  which  it 
needs  for  its  own  nutrition,  does  thereby  act  as  an  excretory  organ,  in- 
asmuch as  it  removes  from  the  blood  that  which,  if  retained  in  it,  would 
be  injurious  to  the  nutrition  of  the  body  generally.    Thus,  the  phos- 
phates which  are  deposited  in  our  bones,  are  as  effectually  excreted 
from  the  blood,  and  as  completely  prevented  from  acting  injuriously  on 
other  tissues,  as  are  those  which  are  discharged  with  the  urine. — The  j 
applications  of  this  doctrine  have  been  greatly  extended  by  Mr.  Paget,* 
who  has  given  the  following  among  other  examples  of  its  bearing  upon 
the  general  relations  between  the  blood  and  the  tissues.    The  hairy 
covering  may  be  considered  to  serve,  over  and  above  its  local  purposes, 
lor  the  removal  of  certain  components  of  the  blood,  which  would  be 
injurious  to  its  constitution  if  they  remained  and  accumulated  in  it;  and 
accordingly  we  do  not  find  that  its  development  is  delayed,  until  near 
the  period  when  its  protection  will  be  recprired ;  for  a  complete  coat  (the 
lanugo  of  the  human  foetus)  is  formed  in  the  foetus  of  mammals  generally, 
whilst  they  are  still  within  the  uterus,  removed  from  all  those  conditions! 
against  which  hair  is  a  defence ;  and  this  coat  is  shed  very  soon  after! 
birth,  being  replaced  by  another  of  wholly  different  colour,  the  growth  ofl 
which  had  begun  within  the  uterus.    The  same  principle  leads  to  the! 
iipprehension  of  the  true  import  of  the  hair  which  exists  in  a  kind  ofl 
rudimental  state  on  the  general  surface  of  our  bodies;  and  thence  to  thel 
real  meaning  of  the  existence  of  other  organs  which  permanently  remain! 
in  a  rudimental  state,  such  as  the  mammary-glands  of  the  male.    For,  as| 
Mr.  Paget  justly  remarks  (loc.  cit.)  "  these  rudimental  organs  certainly! 
do  not  serve,  in  a  lower  degree,  the  same  purposes  as  are  served  by  thel 
homologous  parts  which  are  completely  developed  in  other  species,  or  inj: 
the  other  sex.    To  say  they  are  useless,  is  contrary  to  all  we  know  of  the! 
absolute  perfection  and  all-pervading  jmrpose  of  creation;  to  say  they* 
exist  merely  for  the  sake  of  conformity  to  a  general  type  of  structure,  is! 
surely  unphilosophical,  for  the  law  of  unity  of  organic  types  is,  in  larger! 
instances,  not  observed,  except  Avhen  its  observance  contributes  to  thel 
advantage  of  the  individual.    No  :  all  these  rudimental  organs  must,  asi 
they  grow,  be  as  excretions,  serving  a  definite  purpose  in  the  economy! 
by  removing  their  appropriate  materials  from  the  blood,  thus  leaving  itj 
fitter  for  the  nutrition  of  other  parts,  or  adjusting  the  balance  whichf 
might  otherwise  be  disturbed  by  the  formation  of  some  other  part.  Thus! 
they  minister  to  the  self-interest  of  the  individual ;  while,  as  if  for  thel 
sake  of  wonder,  beauty,  and  perfect  order,  they  a.re  conformed  with  thel 
great  law  of  unity  of  organic  types,  and  concur  with  the  universal  plan! 
observed  in  the  construction  of  organic  beings." 

218.  But  further,  there  are  many  examples  in  which  the  presence  ofl 

*  "  Lectures  on  Surgical  Pathology,"  Lect,  n. 
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a  cor ta in  substance  in  the  Blood,  appears  to  determine  the  formation  of 
the  particular  tissue,  of  which  that  substance  is  the  appropriate  pabu- 
lum. '  And  thus,  as  the  abstraction  of  the  material  required  for  each 
part  leaves  the  blood  in  a  state  fitted  for  the  nutrition  of  other  parts, 
it  seems  to  follow,  as  Mr.  Paget  has  further  remarked,*  that  such  a 
mutual  dependence  exists  among  the  several  parts  and  organs  of  the 
body,  as  causes  the  evolution  of  one  to  supply  the  conditions  requisite 
for  the  production  of  another  ;  and  hence,  that  the  order  in  which  the 
several  organs  of  the  body  appear  in  the  course  of  development,  while  it 
is  conformable  to  the  law  of  imitation  of  the  parent,  and  to  the  law  of 
progressive  ascent  towards  the  higher  grade  of  being,  is  yet  the  imme- 
diate result  of  changes  effected  in  the  condition  of  the  blood  by  the  ante- 
cedent operations.  And  this  view  is  confirmed  by  many  circumstances, 
which  indicate  that  certain  organs  really  do  stand  in  such  a  complemental 
relation  to  one  another  as  it  implies ;  a  large  class  of  facts  of  this  order 
being  supplied  by  the  history  of  the  evolution  of  the  generative  apparatus, 
and  by  that  of  the  concurrent  changes  in  other  organs  (especially  the  tegu- 
mentary)  which  are  found  to  be  dependent  upon  it,  although  there  is  no 
direct  functional  relation  between  them.  Thus,  the  growth  of  the  beard 
in  man  at  the  period  of  puberty,  is  but  a  type  of  a  much  more  important 
change  which  takes  place  in  many  animals  with  every  recurrence  of  the 
period  of  generative  activity.  If  the  development  of  the  male  organs  be 
prevented,  the  evolution  of  the  beard  does  not  take  place  ;  whilst  the  ces- 
sation or  the  absence  of  activity  in  the  female  organs  is  often  attended  by 
a  strong  growth  of  hair  on  the  face,  as  well  as  by  other  changes  that  may 
be  attributed  to  the  presence  of  some  special  nutritive  material  in  the 
blood,  for  which  there  is  no  longer  any  other  demand.  This,  again, 
shows  itself  yet  more  strongly  in  Birds ;  among  which  (as  Hunter  long 
since  pointed- outf)  it  is  no  uncommon  occurrence  for  the  female,  after 
ceasing  to  lay,  to  assume  the  plumage  of  the  male,  and  even  to  acquire 
other  characteristic  parts,  as  the  spurs  in  the  fowl  tribe.  Moreover,  it 
has  been  ascertained  by  the  experiments  of  Sir  Philip  Egerton,  that  if  a 
buck  be  castrated  while  his  antlers  are  growing  and  are  still  covered 
with  the  'velvet,'  their  growth  is  checked,  they  remain  as  if  truncated, 
and  irregular  nodules  of  bone  project  from  their  surfaces ;  whilst,  if  the 
castration  be  performed  when  the  antlers  are  full-grown,  these  are  shed 
nearly  as  usual  at  the  end  of  the  season,  but  in  the  next  season  are  only 
replaced  by  a  kind  of  low  conical  stumps.  That  these  and  similar 
changes  in  the  development  of  organs  are  immediately  determined  by 
the  condition  of  the  circulating  fluid,  that  is,  by  the  presence  or  absence 
of  the  appropriate  '  pabulum'  for  the  parts  in  question,  would  further 
seem  likely  from  the  fact,  that  they  may  v  be  artificially  induced  by  cir- 
cumstances which  directly  affect  the  condition  of  the  blood.  This  has 
been  shown  by  Mr.  Yarrell,|  in  regard  to  the  assumption  of  the  male 
plumage  by  the  female ;  and  a  still  more  remarkable  and  satisfactory 
proof  is  furnished  by  the  conversion  of  the  '  worker'  larva  of  the  Bee 
into  a  perfect  '  queen,'  solely  through  a  change  of  diet.§ 

+  <  *  ,  *  Op.  cit.,  p.  32. 

T  Account  of  an  Extraordinary  Pheasant'  in  "Hunter's  Works."  Palmer's  edit., 
vol.  iv.  p.  44.  '  1 

t  "  Philosophical  Transactions,"  1827.  §  "  Princ.  of  Comp.  Phys.,"  §  119. 
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219.  Thus,  then,  the  precise  condition  of  the  Blood  at  any  one  time, 
is  dependent  upon  a  vast  variety  of  antecedent  circumstances,  and  can 
scarcely  be  the  same  at  any  two  periods  of  life,  nor,  indeed,  in  any  two 
parts  of  its  course,  even  in  one  and  the  same  individual.  Yet  we  find 
that,  taken  as  a  whole,  it  exhibits  such  a  remarkable  constancy  in  its 
leading  features,  that  we  seem  justified  in  the  belief  that,  as  Harvey 
and  Hunter  always  maintained,  the  Blood,  like  the  solid  tissues,  has  a 
formative  power  of  its  own,  which  it  exerts  in  the  appropriation  of  the 
new  material  supplied  to  it  from  the  food ;  and  that,  like  all  the  other 
parts  descended  from  the  component  cells  of  the  germinal  mass,  it  goes 
through  a  succession  of  phases,  which  are  partly  the  cause,  and  partly 
the  effect,  of  developmental  changes  in  the  organism  generally.  The 
self-maintaining  power  of  the  Blood  is  yet  more  shown  in  the  pheno- 
mena of  Disease ;  and  especially  in  its  spontaneous  recovery  of  its  nor- 
mal condition,  after  the  most  serious  perversions;  as  we  see  more 
particularly  in  febrile  diseases  of  definite  type  (such,  for  example,  as  the 
Exanthemata,  Typhoid,  Typhus,  &c),  of  whose  origin  in  the  introduc- 
tion of  specific  poisons  into  the  blood,  there  is  no  reasonable  ground 
for  doubt.  In  studying  the  mode  in  which  these  and  other  '  mor- 
bid poisons'  act  upon  the  blood,  and  through  it  upon  the  system  at 
large,  we  may  derive  important  assistance  from  a  previous  inquiry 
into  the  history  of  the  action  of  such  poisonous  agents,  which,  from  their 
being  more  readily  traceable  by  chemical  analysis,  can  be  more  satis- 
factorily made-out.  Such  an  inquiry  has  a  most  important  bearing, 
also,  on  the  modus  operandi  of  medicines. — The  operation  of  medicinal 
or  poisonous  substances  for  the  most  part  depends  upon  the  power 
which  they  possess,  when  introduced  into  the  current  of  the  circula- 
tion, of  effecting  some  determinate  change  in  the  chemical,  and  thereby 
in  the  vital  condition,  either  of  the  components  of  the  blood,  or  of  some 
one  or  more  of  the  tissues  which  it  nourishes ;  and  their  determination 
to  some  special  part  or  organ  must  be  attributed  to  the  same  kind  of 
elective  affinity,  as  that  by  which  the  normal  constituents  of  the  blood 
are  so  determined  (§  21G).  Now,  of  nearly  all  these  substances  it  may 
be  said,  that  the  system  if  left  to  itself,  tends  to  free  itself  from  them, 
provided  time  be  allowed  for  it  to  do  so ;  and  that,  when  death  results 
from  their  introduction  into  it,  the  fatal  result  is  to  be  attributed  to 
the  fact,  that  the  disorganization  of  structure  and  disturbance  of  func- 
tion are  too  rapid  and  violent  to  allow  the  eliminating  processes  to  be 
set  in  efficient  operation.  When  smaller  doses  are  taken,  their  effects 
are  evanescent,  unless  the  abnormal  action  to  which  they  may  have 
given  rise  is  of  a  kind  to  perpetuate  itself  ;*  and  their  cessation  is 
obviously  attributable  to  the  removal  of  the  agent  from  the  system, 
whereby  the  continuance  of  its  deleterious  agency  is  prevented.  Of 
this  removal,  we  have  of  course  the  most  satisfactory  evidence  in  the 
case  of  those  substances  which  can  be  detected  by  ordinary  chemical 
tests  in  the  excretions,  such  as  the  alkaline  and  earthy  salts,  arsenic, 
tartarized  antimony,  and  a  variety  of  other  metallic  compounds,  which 
may  readily  be  detected  in  the  urine  for  some  days  after  they  have  been 

*  Such  a  perpetuation  is  seen  in  tbe  chronic  inflammation,  thickening,  and  con- 
traction of  the  oesophageal  walls,  consequent  upon  the  deglutition  of  strong  acids  and 
caustic  alkalies. 


AND  ITS  RELATIONS  TO  THE  LIVING  ORGANISM. 


249 


ingested ;  clearly  showing  that  their  elimination  is  a  work  of  time.  On 
the  other  hand,  the  salts  of  copper  appear  rather  to  be  removed  from 
the  blood  by  the  liver,  and  also  by  the  bronchial  secretion.  And  lead, 
which  passes-off  but  little  by  the  ordinary  excretions,  is  withdrawn 
from  the  circulation  by  various  tissues  and  organs,  but  particularly  by 
certain  parts  of  the  muscular  apparatus,  with  the  substance  of  which  it 
becomes  incorporated,  producing  a  most  injurious  influence  upon  its 
vital  endowments.* — The  only  exception  to  the  general  rule  above 
stated,  seems  to  be  in  the  case  of  those  medicines  which  have  what  is 
called  a  '  cumulative'  tendency ;  this  tendency  being,  in  fact,  simply 
the  result  of  their  want  of  stimulating  influence  upon  the  excretory 
organs,  whose  functional  activity  is  rather  impeded  than  promoted  by 
them.  This  is  pre-eminently  the  case  in  regard  to  lead,  which  is  pro- 
bably the  most  cumulative  poison  with  which  we  are  acquainted ;  its 
continual  introduction  in  doses  of  even  extreme  minuteness,  being 
capable,  if  sufficiently  prolonged,  of  causing  the  most  serious  dis- 
turbance in  almost  every  function  in  the  economy.  Even  here,  it  is 
rather  in  the  tissues,  than  in  the  blood,  that  it  accumulates, — as  is  indi- 
cated by  a  variety  of  facts,  but  more  especially  by  the  difficulty  with 
which  it  is  eliminated  from  the  system  by  means  that  would  be  probably 
effectual  in  removing  it  from  the  circulating  current ; — and  thus  we  see 
that,  in  default  of  other  provision  for  maintaining  the  purity  of  the 
blood,  the  whole  body  (so  to  speak)  acts  as  an  excretory  apparatus,  and 
draws  into  itself  the  noxious  substance. 

220.  There  are  numerous  cases,  moreover,  in  which  poisonous  or 
medicinal  substances  can  be  traced  in  the  excretions  by  chemical  tests  ; 
their  effects,  when  moderate  doses  have  been  taken,  passing  off  so  com- 
pletely, that  there  can  be  no  doubt  of  their  not  being  any  longer 
present,  as  such,  in  the  system.  The  substances  of  this  class  are  never- 
theless, in  many  instances,  of  a  nature  and  composition  which  render 
them  peculiarly  susceptible  of  change,  when  subjected  to  the  influences 
winch  they  must  encounter  in  the  living  body,  and  more  especially 
when  exposed  in  a  state  of  very  fine  division  to  the  agency  of  oxygen. 
We  see  exemplifications  of  this  mode  of  elimination  of  poisons  in  the 
transient  operation  of  moderate  doses  of  Alcohol,  Ether,  Chloroform, 
Opium,  Strychnia,  Prussic  Acid,  &c,  in  all  of  which  the  question  of 
lite  or  death  is  one  of  time ;  for  if  the  fatal  result  do  not  speedily  follow 
din  absorption  of  the  poison  into  the  blood,  the  patient  gradually  re- 
covers from  its  effects ;  and  the  most;  effectual  treatment  consists  in  the 
artificial  maintenance  of  the  respiratory  movements,  which  the  influence 
of  these  poisons  upon  the  nervous  centres  might  otherwise  suspend. 
U  ith  regard  to  certain  poisons  of  this  unstable  class,  there  is  strong 
"\idence  that  they  pass  into  the  urine  and  are  thus  eliminated,  without 
undergoing  any  change  that  impairs  their  physiological  action;  this 
ividence  being  afforded  in  the  effects  of  the  re-ingestion  of  the  urine, 
either  by  the  individuals  themselves,  or  by  others.  A  very  curious 
1 3Xample  of  this  kind  is  afforded  by  the  intoxicating  fungus  Amanita 
j  nuscana,  which  is  used  by  some  of  the  inhabitants  of  the  north-eastern 


•  f^5,  8  been  8h°wn  hy  the  analyses  of  M.  Devergie  (see  the  "  Trait» 
wsxte  Plomb"  of  M.  Tanquerel,  torn.  ii.  pp.  401-6),  and  of  Prof.  Miller  I 
*J4U  s  essay  on  '  The  Symmetry  of  Disease,'  in  the  "  Med.-Chir.  Trans.,' 


fraitd  des  Mala- 
(see  Dr.  W. 
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parts  of  Asia,  in  the  same  manner  as  alcoholic  liquors  by  other  nations. 
Its  effects,  like  those  of  other  excitants,  have  a  limited  duration ;  for  a 
man  who  is  intoxicated  by  it  one  day,  '  sleeps  himself  sober'  by  the 
next.  His  restoration  is  due,  however,  not  to  his  repose,  but  to  the 
elimination  of  the  poison  which  takes  place  during  the  interval ;  for  if 
he  drink  a  cup  of  his  urine  the  next  morning,  he  is  yet  more  powerfully 
intoxicated  than  he  was  the  preceding  day ;  and  this  fluid  has  the  same 
effect  upon  any  other  individual  into  whose  urine  the  active  principle 
then  passes ;  so  that,  according  to  the  testimony  of  travellers,  the  in- 
toxicating agent  may  be  transmitted  in  this  manner  through  five  or  six 
persons,  a  small  stock  at  the  commencement  thus  serving  to  maintain 
a  week's  debauch.  Results  of  the  same  order  have  been  obtained  by 
Dr.  Letheby,  in  regard  to  opium,  belladonna,  hemlock,  aconite,  &c. ;  I 
the  passage  of  these  substances  into  the  urine  being  proved  by  the  I 
induction  of  their  characteristic  effects,  when  that  fluid  was  administered  I 
to  other  animals. 

221.  Between  the  substances  which  admittedly  rank  as  poisons,  and  I 
those  which  are  reckoned  as  materies  morborum,  no  definite  line  of  I 
demarcation  can  be  drawn  ;  and  the  train  of  symptoms  produced  by  the  [j 
operation  of  the  former,  is  really  as  much  a  disease  as  that  which  re-  I 
suits  from  the  presence  of  the  latter.    The  connection  is,  in  fact,  I 
established  by  those  1  animal  poisons'  which  are  the  result  of  decom-  f 
position  either  within  or  without  the  body  ;  such  as  that  of  the  '  pustule  I 
maligne,'  or  of  the  flesh  of  animals  suffering  under  disease,  on  the  one  if 
hand,  or  the  '  cheese  poison,'  '  sausage  poison,'  &c.  on  the  other. — It  § 
may  be  admitted  that  our  belief  in  a  specific  material  cause  for  a  great  ■ 
part  of  the  effects  set-down  to  the  action  of  'morbid  poisons'  is  merely U 
inferential ;  and  there  are  many  persons  to  whom  their  exhibition  in  a|> 
tangible  form  seems  to  afford  the  only  convincing  evidence  of  theirl 
existence.    But  it  must  be  remembered  that  the  germs  of  other  ferments!- 
constantly  exist  in  the  state  of  suspension  in  the  atmosphere,  as  is  welli, 
shown  by  the  experiments  of  Schroder*  and  Pasteur,"j"  who  found  that! : 
the  mere  filtration  of  air  through  so  coarse  a  medium  as  a  plug  oft  j 
cotton- wool  placed  in  the  mouth  of  the  vessel,  was  sufficient  to  prevent!  > 
the  fermentation  or  putrefaction  of  almost  any  organic  substance  whichl 
had  been  heated  to  boiling,  and  it  is  easy  to  conceive  that  pus-cells,J  or| 
the  minute  insoluble  particles  of  albuminous  substance  believed  byjl 
Chauveau§  to  constitute  the  active  agents  in  the  communication  of  the!  ] 
vaccine  virus,  or  the  minute  portions  of  the  plasma  of  various  diseases! 
may  be  taken  up  during  evaporation  and  remain  long  floating  in  tha 
atmosphere.    In  the  case  of  those  poisons  which  are  capable  of  being 
introduced  by  inoculation,  we  have,  indeed,  the  required  proof  of  theii 
material  existence  ;  and  this  proof  is  capable  of  being  extended  by  3 
safe  analogy  to  infectious  diseases  generally.    For,  if  small-pox  can  b<j 
communicated  by  the  inhalation  of  an  atmosphere  tainted  with  tb«p 
exhalations  of  a  person  already  affected  with  it,  as  well  as  by  the  introj 
duction  of  the  fluid  of  the  cutaneous  pustule  into  the  blood  of  another,  i 

*  Liebig,  "  Annalen,"  cix.  Heft  i. 

t  "  Revue  des  Cours  Suientiiiques,"  1864,  No.  21. 

%  See  the  experiments  of  Dr.  Eiselt,  of  Prague,  referred  to  in  "  Med.-Chir.  Eev.J 
Oct.  1865,  p.  523.  §  "  Coroptes  Rendus,"  1868. 
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can  scarcely  admit  of  a  question,  that  the  same  poisonous  agent  is  trans- 
mitted in  both  cases,  although  through  different  media,  and  that  it  has 
as  real  an  existence  in  the  transferred  air,  as  in  the  transferred  liquid. 
Diseases,  then,  which  are  capable  of  being  transmitted  in  both  these 
methods,  form  the  connecting  link  between  those  resulting  from  ordi- 
dary  toxic  agents,  and  those  which  must  be  assumed  to  depend  upon  a 
subtle  poison,  of  which  the  air  alone  is  the  vehicle, — such,  for  example, 
as  malarious  fevers  ;  this  assumption  being  required  by  all  the  rules  of 
logic,  as  the  only  one  which  will  account  for  the  phenomena  to  be  ex- 
plained, and  therefore  possessing  a  claim  to  be  accepted  as  an  almost 
certain  truth.  There  is  a  strongly- marked  difference,  however,  between 
the  modus  operandi  of  the  toxic  agents  whose  action  has  been  pre- 
viously examined,  and  that  of  the  morbid  poisons  we  are  now  con- 
sidering; for  whilst  the  former  possess  a  certain  definite  action,  the  in- 
tensity of  which  (cceteris  paribus)  is  proportionate  to  the  quantity  that 
is  in  operation,  and  which  is  usually  determined,  in  virtue  of  the 
'  elective  affinity'  already  spoken-of,  to  some  particular  organ  or  tissue, — 
the  latter  act  primarily  upon  the  blood,  influencing  the  system  at  large 
through  the  changes  which  they  produce  in  its  constitution ;  and  their 
potency  depends  rather  upon  the  susceptibility  of  the  blood  to  their 
peculiar  influence,  than  upon  the  quantity  of  the  poison  that  may  be 
introduced  into  it. 

222.  Of  the  existence  of  such  susceptibility,  as  a  '  predisposing  cause' 
of  Zymotic*  disease,  there  cannot  be  the  slightest  doubt.  In  the  case  of 
the  Exanthemata  and  Hooping-cough,  we  see  that  it  is  congenital,  and 
is  usually  removed  by  the  occurrence  of  one  attack  of  the  disease 
(although  this  is  not  a  uniform  protection) ;  but  the  liability  even  to 
these  varies  greatly  in  different  individuals,  and  at  different  times  in 
the  same  individual.  And  with  regard  to  other  zymotic  diseases,  the 
liability  to  which  is  not  thus  limited,  all  extended  observation  concurs 
in  showing  that  it  is  augmented  by  anything  which  tends  to  depress 
the  vital  powers  of  the  system,  and  more  particularly  by  any  cause 
which  obstructs  the  due  purification  of  the  blood,  by  the  elimination  of 
the  products  of  decomposition.  Thus,  it  will  be  shown  hereafter 
(chap.  ix.  sect.  3),  that  no  antecedent  condition  has  been  found  more 
efficacious  in  augmenting  the  fatality  of  Cholera,  than  overcrowding ; 
which  compels  those  who  are  subjected  to  it,  to  be  constantly  breathing 
an  atmosphere  not  only  charged  with  carbonic  acid,  but  laden  with 
putrescent  emanations ;  and  which  thus  favours  the  accumulation  of 
decomposing  matter  in  the  blood,  which  serves  as  the  most  appropriate 
soil  for  the  seeds  of  the  disease.  And  what  is  true  of  Cholera  has 
been  found  to  be  true  of  Zymotic  diseases  in  general ;  the  very  same 
termentible  matter  in  the  blood  serving  for  the  development  of  almost 
any  kind  of  zymotic  poison  that  may  be  received  into  the  system, 
whether  from  the  atmosphere,  or  irom  the  bodies  of  those  who  have 
already  been  subjects  of  the  disease.  That  such  conditions  are  con- 
stantly present  in  all  large  towns  is  shown  in  the  most  satisfactory  manner 

bv  I)  w 7  zUmotic  is  a  very  convenient  designation,  which,  originally  suggested 
oko  r*  T>  naa  °f  late  gained  general  currency,  for  that  class  of  diseases  whose 

("h  TT*  nui}'  he  attributed  to  the  oporation  of  a  morbid  poison  of  the  nature 
'     bC(l  above  5  this  operation  bearing  a  strong  analogy  to  that  of '  ferments.' 
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by  the  observations  of  Dr.  Angus  Smith  *  who  found  that  whilst  on 
the  hills  above  Manchester  the  proportion  of  organic  matter  was  one 
grain  in  200,000  c.  i.  of  air,  in  the  crowded  courts  of  the  town  there 
was  one  grain  in  every  8000  c.  i.,  indicating  but  too  surely  the  source 
of  the  various  diseases  of  the  lungs,  brain,  and  alimentary  canal,  which 
the  observations  of  Dr.  Greenhowf  have  shown  to  occur  in  such  excess  in 
town  districts,  and  which  probably  acts  by  depressing  or  impairing 
the  functions  of  the  whole  body,  and  particularly  of  those  organs  with 
which  it  is  brought  into  contact.  J   It  is  worthy  of  remark,  however,  that 
the  effects  of  the  protracted  action  of  this  impure  air  are  seen,  not  so 
much  by  any  remarkable  increase  in  the  relative  mortality  of  the  exan- 
themata in  town  as  compared  with  country  districts,  but  in  the  liital 
issue  which  results  in  the  various  cases  of  nervous  diseases ;  the  pro- 
portion of  deaths  from  these  being  25*8  in  rural,  and  38*3  per  1000  in 
town  districts.    Hence  what  has  been  here  spoken  of  as  '  fermentible 
matter,'  is  not  a  mere  hypothetical  entity,  but  has  a  real  material 
existence ;  for  in  all  those  conditions  of  the  system  in  which  we  know 
that  decomposition  is  going-on  to  an  unusual  extent,  and  in  which  there 
is  a  marked  tendency  to  putrescence  in  the  excreted  matters,  we  witness 
such  a  peculiar  liability  to  zymotic  diseases,  as  clearly  indicates  that 
the  state  of  the  blood  is  peculiarly  favourable  to  the  action  of  the 
zymotic  poison.    This  is  pre-eminently  the  case  in  the  puerperal  state, 
in  which  the  tissue  of  the  uterus  is  undergoing  rapid  disintegration,  its 
vital  force  having  been  expended ;  for  there  is  now  abundant  evidence 
that  the  contact  of  decomposing  matters  which  would  be  innocuous  at 
other  times,  is  capable  of  so  acting  upon  the  blood  of  the  parturient 
female,  as  to  induce  that  most  fatal  zymosis  which  is  known  as  '  puerperal 
fever.'§    And  her  peculiar  liability  is  in  no  respect  more  manifest  than 
in  this ;  that  the  poison  by  which  she  is  affected  may  have  lain  dormant 
for  weeks  or  months,  for  want  of  an  appropriate  nidus,  and  will  yet 
exhibit  its  full  potency  on  the  very  first  case  in  which  opportunity  may 
be  given  for  its  introduction  into  the  system  of  a  puerperal  patient. || 
The  same  kind  of  liability  is  displayed  in  the  subjects  of  severe  injuries, 
and  in  those  exhausted  by  long-continued  muscular  exertion,  among 
whom,  also,  there  is  not  only  a  state  of  general  depression  of  the  vital 
powers,  but  also  a  special  source  of  decomposing  matter  in  the  system ; 
for  there  is  evidence  that  '  surgical  fever'  may  be  induced  in  them,  by 

*  "  Ou  the  Air  of  Towns." 

t  "Papers  on  the  Sanitary  State  of  the  People  of  England,"  by  G.  H.  Greenhow, 
M.D.,  1859.  o      >  j 

%  "  Med.-Chir.  Rev.,"  1861,  vol.  ii.  p.  441. 

§  For  a  most  marked  and  convincing  example  of  this  kind,  see  Dr.  Eouth's  paper 
on  '  The  Causes  of  the  Endemic  Puerperal  Fever  of  Vienna,'  in  the  "  Medico-Chi- 
rurgical  Transactions,"  vol.  xxxii.  p.  27.— That  the  poison  which  developes  puerperal 
fever  may  be  conveyed  from  patients  labouring  under  almost  any  other  form  of 
Zymotic  disease  tending  to  putrescence,  that  is  propagable  by  contact,— such  as 
scarlatina,  small-pox,  or  erysipelas, — is  now  the  general  opinion  of  most  pathologists 
who  have  paid  special  attention  to  the  subject. 

II  This  is  shown  by  the  instances,  unhappily  of  no  unfrequent  occurrence,  in  which 
practitioners  who  have  unfortunately  become  the  vehicles  of  the  puerperal  poison,  and 
have  conveyed  it  to  several  patients  in  succession,  have  experienced  the  same  direful 
results  immediately  on  resuming  obstetric  attendance,  after  a  lengthened  interval  of 
suspension  from  it,  and  even  from  professional  employment  of  every  kind. 
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the  introduction  of  a  zymotic  poison  derived  from  a  variety  of  external 
sources  (amongst  others,  from  patients  affected  with  puerperal  fever), 
such  as  would  have  no  effect  upon  a  healthy  subject ;  and,  moreover, 
that  overcrowding  in  hospitals  has  a  special  tendency  to  increase  this 
liability.*  Thus,  then,  we  may  affirm  with  strong  confidence,  that  the 
special  liability  to  Zymotic  diseases,  which  determines  their  selection  of 
individuals  when  epidemically  prevalent,  depends  upon  the  previous 
condition  of  the  blood  of  the  subjects  who  are  thus  '  predisposed'  to 
+heir  invasion;  and  more  especially  on  the  presence  of  fermentible 
matters,  resulting  from  the  ordinary  processes  of  disintegration,  which, 
in  the  state  of  perfect  health,  are  eliminated  as  fast  as  they  are  formed, 
but  of  which  an  accumulation  is  prone  to  take  place,  either  when  there 
are  special  sources  of  an  augmented  production,  or  when  the  excretory 
operations  are  imperfectly  performed.^  And  it  would  further  appear, 
hat  the  continued  accumulation  of  such  matters  may  itself  become  a 
source  of  certain  forms  of  Zymotic  disease,  which  may  thus  originate 
le  novo  in  the  system,  and  which  may  thence  be  propagated  to  other 
i  ndividuals  in  some  of  the  modes  already  specified ;  of  this  we  have 
lotable  examples  in  hydrophobia,  erysipelas,  and  the  'pustule 
maligne.' 

223.  It  is  not  only,  however,  in  the  class  of  Zymotic  diseases,  that  we 
eem  distinctly  able  to  trace  the  operation  of  morbid  poisons  circulating 
n  the  blood ;  for  there  are  numerous  other  maladies,  of  whose  origin  in 
i  like  condition  there  can  be  no  reasonable  doubt ;  and  these  are  in 
:ome  respects  more  closely  analogous  than  the  preceding,  to  the  dis- 
ordered states  induced  by  the  introduction  of  toxic  agents.    For  in 

;  hose  of  which  we  have  now  to  speak,  the  action  is  destitute  of  any 
.  Jialogy  to  fermentation,  and  its  potency  is  strictly  proportionate,  in 
<  ach  case,  to  the  amount  of  the  dose  that  is  in  operation.  Here,  too, 
/e  have  a  connecting  link  .afforded  by  those  disordered  states  of  the 
ystem,  which  depend  upon  an  undue  accumulation  of  poisons  normally 

i  enerated  within  it,  in  consequence  of  some  obstacle  to  their  elimination. 

I^hus,  the  retention  of  urea  or  of  uric  acid,  of  carbonic  acid,  biliary 
;  latter,  lactic  acid,  or  of  other  substances  which  are  normal  products  of 

|  he  waste  or  disintegration  of  the  body,  in  the  blood,  are  as  true 

r  stances  of  poisoning  as  if  these  substances  had  been  directly  injected 

I  ito  the  blood-vessels;  and  the  evil  is  of  course  increased,  when  (as 
•equently  happens)  augmented  production  is  concurrent  with  imperfect 

I  limination. 

224.  In  all  cases,  therefore,  one  of  the  first  questions  which  the  in- 
l  illigent  Practitioner  will  feel  called-upon  to  decide,  is,  whether  the 
I  jalady  he  has  to  treat  originates  in  the  state  of  the  Blood,  or  in  a 
I  isorder  purely  local;  and,  if  he  feel  justified  in  referring  it  to  the 
I  lood,  whether  it  merely  depends  upon  an  alteration  in  the  proportion 

:  I  c  its  normal  constituents,  as  in  plethora  and  simple  ansemia,  or  whether 
I  s  phenomena  imply  the  presence  of  some  toxic  substance  in  the  circu- 
I  -ting  fluid. — If  the  former  be  his  conclusion,  he  has  then  to  endeavour 

I  *^See  Prof.  Simpson  'On  the  Analogy  between  Puerperal  and  Surgical  Fever,' in 
I  o  'Edinb.  Monthly  Journ.,"  vol.  xi.  p.  414;  and  vol.  xiii.  p.  72. 
I  t  For  a  fuller  exposition  of  this  doctrine,  see  the  "Brit,  and  For.  Med.-Chir.  Kev.," 
I  I.  xn.  p.  159  et  seq. 
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to  rectify  the  excess  or  the  deficiency,  by  reducing  the  former,  or  by 
supplying  the  latter ;  as  when  he  bleeds  and  prescribes  low  diet  for 
Plethora,  and  employs  iron  and  generous  living  in  Anaemia.  But  it  is 
his  duty  to  take  care  that  his  means  are  appropriate  to  his  ends;  for 
there  can  be  little  doubt  that  the  too-copious  venesection  which  was 
formerly  practised  almost  indiscriminately  in  acute  inflammations,  had  a 
pernicious  tendency  to  postpone  the  final  recovery  from  them,  whilst  it 
had  often  but  a  doubtful  efficacy  in  subduing  the  first  violence  of  the 
disease.  As  a  general  rule  it  may  be  stated,  that  general  blood-letting 
is  likely  to  be  rather  injurious  than  beneficial  in  toxic  inflammations,  in 
which  the  vitality  of  the  blood  as  a  whole  is  decidedly  lowered,  not- 
withstanding the  large  increase  in  the  proportion  of  fibrin ;  and  to  this 
rule,  the  results  of  careful  and  extended  observation  have  recently 
shown  that  Rheumatism  is  seldom  to  be  considered  an  exception,  not- 
withstanding that  this  disease  was  formerly  considered  to  be  one  of 
those  in  which  the  efficacy  of  copious  depletion  was  most  undoubted. — 
In  diseases  of  toxic  origin,  the  treatment  must  be  conducted  upon  prin- 
ciples exactly  the  same  as  those  by  which  the  practitioner  would  be 
guided  in  his  treatment  of  a  case  of  ordinary  poisoning ;  but  as  regards 
the  two  classes  into  which  it  has  been  shown  that  these  maladies  may 
be  divided,  a  difference  must  be  made  in  their  application. 

225.  The  '  morbid  poisons'  of  our  second  class  (§  223)   are  dis- 
tinguished by  this,  that  there  is  a  continual  new  generation  of  them 
within  the  system  ;  and  the  first  indication  of  treatment,  therefore,  will 
be  to  check  their  formation,  so  far  as  this  may  be  possible.    This  is  the 
rationale  of  the  dietetic  and  regiminal  treatment  of  the  lithic,  lactic,  and 
oxalic  diatheses,  of  lepra  and  psoriasis,  of  chronic  gout  and  rheumatism 
and  many  other  chronic  diseases  of  toxic  origin. — Secondly,  we  shoul 
endeavour  to  destroy  or  neutralize  the  poison,  if  we  have  any  remedies 
which  possess  such  an  action  upon  it.    Perhaps  the  curative  inlluen 
of  arsenic  in  some  of  the  chronic  skin-diseases,  is  one  of  the  bes 
examples  of  this  kind;  but  it  must  be  admitted  that  such  direct 
'  antidotes'  to  morbid  poisons  are  very  few  in  number. — Thirdly,  where 
we  cannot  thus  destroy  the  poison,  we  must  endeavour  to  moderate  its 
action  upon  the  system  ;  this  is  the  rationale  of  palliative  treatment 
every  description,  in  which  the  fons  et  origo  of  the  malady  is  left  un 
changed. — But  fourthly,  our  main  object  must  be  to  eliminate  the 
poison  from  the  system  as  rapidly  as  possible,  by  the  various  channels 
of  excretion;   acting  upon  these  by  remedies  which  either  increase 
their  activity,  or  which  so  alter  the  condition  of  the  morbific  matter  as 
to  enable  it  to  be  more  readily  drawn-off.    The  judgment  of  the  well 
informed  practitioner,  in  the  treatment  of  diseases  of  this  class,  is  more 
shown  in  his  discriminative  selection  of  the  best  means  of  thus  aiding 
the  Blood  to  regain  its  normal  purity,  than  in  any  more  .apparently 
'  heroic  measures' ;  and  a  candid  review  of  the  most  approved  system 
of  treatment,  for  diseases  of  the  type  here  alluded  to,  will  show  that  the 
ratio  of  their  efficacy  is  in  accordance  with  that  of  their  harmony  wit! 
the  above  indications. 

226.  Among  the  Toxic  diseases  of  the  zymotic  class,  in  most  of  whic 
the  poison  is  introduced  from  without,  the  course  of  the  morbid  pheno 
mena  to  which  this  gives-rise  is  usually  more  definite  and  specific,  an 
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its  duration  more  limited.  There  is  no  source  within  the  body,  whence 
a  new  supply  of  the  poison  is  continually  arising ;  and  its  operation 
ceases  therefore,  as  soon  as  it  is  entirely  eliminated  from  the  system. 
But  there  is  this  peculiarity  in  the  action  of  many  of  the  poisons  in 
question,  that  they  have  the  power  of  multiplying  themselves  within 
the  body ;  thus,  for  example,  when  small-pox  has  been  communicated 
by  the  inoculation  of  an  excessively  minute  portion  of  the  virus, 
hundreds  or  thousands  of  pustules  are  generated,  each  of  them  charged 
,vith  a  poison  equally  potent  with  that  from  which  they  originated.  It 
is  to  this  multiplication,  that  the  extension  of  zymotic  .diseases,  by  com- 
munication between  individuals  affected  with  them  and  healthy  subjects, 
is  chiefly  due ;  and  the  question  of  the  '  contagion'  or  1  non-contagion'  of 
any  particular  disease  of  this  class,  is,  therefore,  essentially  that  of  the 
multiplication  or  non-multiplication  of  the  poison  in  the  human  body. 
This  multiplication  of  certain  zymotic  poisons  is  a  yet  stronger  point 
of  analogy  to  the  action  of  ;  ferments,'  than  that  which  is  afforded  by 
the  violence  of  the  changes  they  induce  when  compared  with  the 
amount  in  operation.  Some  of  these  poisons  are  of  such  potency, 
that,  in  however  minute  a  quantity  they  are  introduced,  they  will 
change  the  whole  mass  of  the  blood  in  a  few  minutes,  and  will  act 
indiscriminately  on  all  individuals  alike ;  this  is  the  case,  for  example, 
with  the  venom  of  serpents.  On  the  other  hand,  there  are  many 
(as  already  remarked)  which  seem  to  require  the  presence  of  some 
special  fermentible  matter  in  the  blood  (§  222).  And  between  these 
might  probably  be  established  a  regular  gradation, — from  those  most 
1  pernicious'  forms  of  malarious  poison,  which  derive  their  potency  from 
the  intensity  of  vegetable  decomposition  under  the  influence  of  a  high 
temperature ;  or  those  '  malignant'  types  of  typhoid  poison,  which  owe 
their  special  intensity  to  animal  putrescence  engendered  by  filth  and 
overcrowding ;  both  of  these  attacking  a  very  large  proportion  of  those 
who  are  exposed  to  them, — to  those  milder  forms  of  zymotic  poisons, 
which,  though  derived  from  the  same  sources  with  the  preceding,  act 
with  so  much  less  of  uniformity  upon  different  individuals,  that  we  can 
scarcely  fail  to  recognise  as  a  1  predisposing  cause,'  or  rather  as  a  neces- 
sary concurrent  condition,  the  presence  of  some  readily- decomposable 
natter  in  the  blood.  The  long-continued  action  of  these  poisons,  in 
-heir  milder  forms,  seems  itself  capable  of  inducing  this  condition ;  thus, 
i  healthy  person  who  settles  in  an  aguish  country,  may  remain  free 
rom  intermittent  fever  for  a  considerable  time,  but  his  health  gradually 
leteriorates,  and  at  last  he  becomes  the  subject  of  the  disease,  which 
vould  have  much  earlier  attacked  him  if  his  blood  had  been  brought 
I  nto  the  '  fermentible'  state  by  irregularity  of  diet,  over-exertion,  &c.  ; 
J  '-nd  the  same  may  be  observed  in  the  case  of  those  long  exposed  to  the 
hoison  of  typhoid  or  other  fevers,  which  especially  locates  itself  in  animal 
masmata,  if  it  be  not  actually  engendered  by  them. 
-  227.  In  some  of  the  diseases  of  this  class,  the  change  in  the  qualities 
hf  the  Blood  produced  by  the  introduction  of  the  poison  is  such  as  to 
I  xve  it  a  morbid  action  on  certain  organs  or  tissues  only  ;  their  pheno- 
mena m  this  respect  corresponding  with  those  of  ordinary  poisons,  and 
I  the  toxic  diseases  previously  noticed.  Such  may  be  said  of  vaccinia, 
I  onorrhoea,  primary  syphilis,  &c.,  in  which  the  general  functions  of  the 
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body  seem  to  &e  disturbed  chiefly  or  solely  through  the  local  disorder. 
It  may  happen  that,  even  where  a  specific  poison  is  present  in  the  blood, 
it  may  not  be  potent  enough  to  manifest  itself  in  any  disordered  action, 
either  general  or  local,  until  the  depressed  state  of  the  nutrition  of  some 
part  or  organ  renders  it  more  susceptible  of  a  further  perversion ;  thus 
it  is  very  common  for  the  first  development  of  Cancer  to  follow  upon 
some  local  injury  ;  and  where  constitutional  Syphilis  may  be  presumed 
to  exist,  it  often  seems  to  lie  dormant,  until  some  appropriate  part  is 
rendered,  by  some  such  cause,  peculiarly  susceptible  to  this  malady.* — I 
But,  in  other  cases,  we  find  that  the  contamination  of  the  blood  is  suchl 
as  primarily  to  produce  more  or  less  disturbance  in  all  the  functions ;  asl 
we  especially  witness  in  the  severer  forms  of  fever,  in  poisoning  by j 
venomous  serpents,  &c.    Even  in  this  last  class  of  cases,  however,  aj 
special  determination  to  one  organ  or  system  is  frequently  obvious ;  and! 
this  may  be  so  constant  as  to  be  characteristic  of  the  disease,  as  is  the! 
case  with  the  skin-affection  in  the  Exanthemata  generally,  the  affectionl 
of  the  throat  and  the  kidneys  in  Scarlatina,  and  that  of  the  air  passages! 
in  Measles.    But  in  other  instances,  the  local  affections  produced  in  dif-l 
ferent  individuals  by  the  same  specific  poison,  vary  in  their  relative  in-i 
tensity,  and  even  in  their  seat,  according  to  the  previous  conditional 
which  their  respective  subjects  afford ;  and  whilst  in  some  instances! 
this  variation  may  be  clearly  traced  to  local  peculiarities  of  nutrition  I 
in  others  it  seems  only  capable  of  being  accounted-for  by  supposing 
that  the  blood  of  each  individual  has  some  peculiar  or  personal  character 
which  causes  it  to  be  differently  affected  in  each  subject.   Of  the  deter- 
mining influence  of  local  deteriorations  of  nutrition,  we  occasional!) 
meet  with  curious  examples  in  the  Exanthemata  :  thus,  the  eruption  o: 
Measles  has  been  seen  to  be  deepest  and  most  diffused  over  a  kne* 
affected  with  chronic  synovial  inflammation  and  general  swelling  ;  ana: 
in  a  patient  who  became  affected  with  Small-Pox  soon  after  a  fall  on  thl 
nates,  the  pustules,  though  thinly  scattered  elsewhere,  were  crowdedj 
together  on  the  injured  part  as  thickly  as  possible. f    So,  during  aij 
epidemic  Influenza,  it  is  evident  that  the  local  affection  often  manifest! 
itself  chiefly  (if  not  solely)  in  what  was  previously  regarded  as  thl 
'weak  point'  of  each  patient's  system.^ — The  local  determination  of  a> 

*  See  Mr.  Paget's  "Lectures  on  Surgical  Pathology,"  vol.  i.  p.  492. 
t  Paget,  op.  cit.,  p.  444. 

J  Of  those  variations,  on  the  other  hand,  which,  as  they  cannot  he  thus  attribute* 
to  purely-local  causes,  must  he  referred  to  peculiarities  in  the  general  state  of  thl' 
system,  and  especially  of  the  blood,  of  each  individual,  we  have  a  highly  characterise 
example  in  the  following  incident,  which  fell  under  the  notice  of  Prof.  Huxley,  whe* 
serving  as  Assistant-Surgeon  on  board  H.M.S.  Kattlesnake,  which  had  been  engagei  I 
on  a  surveying  voyage  about  New  Guinea  and  Australia.    The  crew  seem  to  havj 
acquired  a  predisposition  to  disease,  by  long  confinement,  exposure  to  tropical  sunshin*  : 
unwholesome  food,  and  other  unfavourable  influences;  but  no  decided  malady hai 
shown  itself  among  them,  until  one  of  them,  after  slightly  wounding  his  hand  with  i  f 
beef-bone,  had  suppuration  of  the  axillary  lymphatic  glands,  with  which  typhoijh 
symptoms  and  delirium  were  associated,  and  which  proved  fatal.    A  few  days  a^€l 
his  death,  the  sailor  who  washed  his  clothes  had  similar  symptoms  of  disease  in  tbjjfc 
axilla ;  and  for  four  or  five  months  he  suffered  with  sloughing  of  portions  of  tlfe 
cellular  tissue  of  the  axilla,  arm,  and  trunk  of  the  same  side.    Near  the  same  time,  li 
third  sailor  had  diffuse  inflammation  and  sloughing  in  the  axilla ;  and  after  this,  tlfti 
disease  ran  in  various  forms  through  the  ship's  company,  between  thirty  and  forty  ft 
whom  were  sometimes  on  the  sick-list  at  once.    Some  had  diffuse  cellular  inflammfcil 
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morbid  poison  may  frequently  be  regarded  as  one  of  the  means  whereby 
the  blood  and  the  system  at  large  are  freed  from  its  action.    Of  this, 
a^ain,  we  have  a  most  characteristic  example  in  the  Exanthemata :  for 
it  is  a  matter  of  constant  observation,  that  the  constitutional  symptoms, 
L  especially  fever  and  delirium,  are  most  severe  before  the  cutaneous  erup- 
[  tion  comes  out ;  that  there  is  much  greater  danger  to  life,  when  the 
[  eruption  does  not  develope  itself  fully ;  and  that  its  premature  repres- 
sion induces  a  return  of  the  severer  constitutional  affection.    So  in 
Syphilis  and  Cancer  (as  Mr.  Paget  remarks),  the  severest  defects  or  dis- 
turbances in  the  whole  economy  may  coexist  with  the  smallest  amounts 
,  of  specific  local  disease ;  and  it  has  been  laid-down  as  a  general  law  by 
Dr.  Robert  Williams,  "  that  when  a  morbid  poison  acts  with  its  greatest 
intensity,  and  produces  its  severest  forms  of  disease,  fewer  traces  of 
I  organic  alterations  of  structure  will  be  found,  than  when  the  disease  has 
I  been  of  a  milder  character."* 

228.  In  nearly  all  the  Toxic  diseases  of  the  zymotic  class,  there  is  a 
I  natural  tendency  to  the  self-elimination  of  the  poison  and  of  the  products 
f  )f  its  action  on  the  blood,  either  by  the  operation  of  the  ordinary  excre- 
|  .ory  organs,  or  by  the  peculiar  local  actions  just  adverted-to  ;  and  this 
rj orocess  takes  place  in  many  instances  with  such  regularity,  that  not  only 

I  he  period  which  it  will  altogether  require,  but  each  of  those  successive 
i  1  epochs  which  mark  the  stages  of  development  and  metamorphosis  in  the 

>oison  and  in  the  products  of  its  action,  may  be  almost  exactly  predicted. 
[  There  is  not,  in  fact,  a  more  remarkable  indication  of  the  '  Life  of  the 
;  Mood,'  than  is  afforded  by  its  extraordinary  power  of  self-recovery, 
)  fter  having  undergone  the  excessive  perversion  which  is  consequent 

I I  ipon  the  introduction  of  the  more  potent  Zymotic  poisons ;  and  every 
I  >hilosophical  physician  is  ready  to  admit  that  it  is  to  this  '  vis  medi- 
atrix natura?,'  rather  than  to  any  remedial  agency  which  it  is  in  his 

I  ower  to  apply,  that  he  must  look  for  the  restoration  of  his  patient, 
^l^hevery  nature  of  the  action  of  zymotic  poisons  upon  the  blood,  seems 
j'l)  forbid  the  expectation  of  our  being  able  to  neutralize  or  check  that 
liction  by  antidotes:  and  the  objects  of  treatment  wholly  lie,  therefore, 
i  1 1  promoting  the  elimination  of  the  morbific  matters  thus  engendered, 
jlu  keeping-under  any  dangerous  excess  of  local  action,  and  in  support- 
|  ig  the  system  during  the  continuance  of  the  malady.    In  a  large  pre- 
dion of  zymotic  diseases,  it  is  probable  that  the  oxidation  of  the 
I  lorbific  matter  by  the  aeration  of  the  blood,  is  the  chief  means  of  its 
I  mioval ;  and  it  is  accordant  with  this  view,  that  the  encouragement 
the  respiratory  function,  both  pulmonary  and  cutaneous,  by  a  pure 
I  id  cool  atmosphere,  and  by  keeping  the  skin  moist  (either,  by  the 
I  ^ministration  of  diaphoretic  medicines,  or  by  external  applications), 
'■  iould  be  found  one  of  the  most  efficient  means  of  promoting  re- 

1  >n ;  some  had  inflammation  of  the  lymphatic  glands  of  the  head,  axilla,  and  lower 
I  tremities;  one  had  severe  idiopathic  erysipelas  of  the  head  and  neck;  another  had 
I  legmonous  erysipelas  of  the  hand  and  arm  after  an  accidental  wound ;  others  had 
I  v  fever  with  or  without  enlargement  of  glands.  Finally,  the  disease  took  the  form 
I  mumps,  which  affected  almost  everybody  on  board.  The  epidemic  lasted  from  May 
>  -July  (the  winter  in  the  southern  hemisphere),  the  ship  being  at  sea  during  the 
'•i  1  'ole  time. 

I  *  "Elements  of  Medicine,"  vol.  i.  p.  12. 
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covery.*    Whilst  mild  purgatives  may  be  employed  with  advantage  for  J 
the  same  end,  in  the  earlier  stages  of  these  diseases,  care  must  be  taken  | 
that  the  system  be  not  too  much  debilitated  by  their  action ;  and  the  same 
caution  must  be  observed  with  regard  to  the  use  of  local  depletion  or 
counter-irritation,  for  the  purpose  of  subduing  the  violence  of  some  local 
affection.  In  fact,  the  general  tendency  of  these  diseases  to  the  adynamic 
type  seems  to  indicate  that,  however  beneficial  the  immediate  results  of 
reducing  treatment  may  appear  to  be,  its  remote  effects  are  much  to  be  I 
dreaded.    And  when  the  results  of  a  large  and  varied  experience  are  I 
brought  together,  the  Author  believes  that  those  will  be  found  most  I 
satisfactory  in  which  the  treatment  has  been  moderately  evacuant,  and  I 
early  sustentative.f 


CHAPTER  VIII. 

OF  THE   CIRCULATION  OF  THE  BLOOD. 

1.  Of  the  Circulation  in  General. 

229.  The  Circulation  of  nutritive  fluid  through  the  body  has  for  its 
object,  on  the  one  part,  to  convey  to  every  portion  of  the  organism  the 
materials  for  its  growth  and  renovation,  together  with  the  supply  o 
Oxygen  which  is  requisite  for  its  vital  actions  (especially  for  those  o 
the  Nervo-Muscular  apparatus)  ;  and  at  the  same  time  to  carry-off  the 
particles  which  are  set  free  by  the  disintegration  or  'waste'  of  the 
tissues,  and  which  are  to  be  removed  from  the  body  by  the  Excreting 
processes.  Of  these  processes,  the  one  most  constantly  in  operation,  as 
well  as  most  necessary  for  the  maintenance  of  the  purity  of  the  bipod,  is 
the  extrication  of  Carbonic  acid  through  the  Respiratory  organs ;  and 
this  is  made  subservient  to  the  introduction  of  Oxygen  into  the  system. 
In  Man,  as  in  other  Vertebrated  animals,  there  is  a  regular  and  con- 
tinuous movement  of  the  nutritive  fluid  through  the  sanguiferous 
vessels ;  and  upon  the  maintenance  of  this,  the  activity  of  all  parts  oil 
the  organism  is  dependent.  In  common  with  Birds  and  Mammals' 
again,  Man  has  a  Respiratory  circulation  entirely  distinct  from  that 
Systemic;  all  the  blood  which  has  returned  from  the  body  being! j 
transmitted  to  the  lungs,  and  being  brought  back  to  the  heart  againl  & 
before  it  is  sent-forth  afresh  for  the  nourishment  of  the  tissues  and  foil  / 
the  maintenance  of  their  functional  activity.    The  Heart  is  placed  at  I 

*  Dr.  Darnell,  whose  long  familiarity  with  the  most  pernicious  forms  of  AfncaJ  ' 
fever,  and  with  the  various  modes  of  treatment  which  have  been  put  in  practice  for  it  j 
cure,  gives  a  most  decided  preference  to  the  sudorific  system  in  vogue  among  tnt  o 
natives,  as  having  a  vast  superiority  over  the  venesections,  saline  purgatives,  an|  | 
large  doses  of  calomel,  which  most  European  practitioners  have  employed.  See  nil  I 
"  Sketches  of  the  Medical  Topography  and  Native  Diseases  of  the  Gulf  of  Guinea,!  < 
p.  120.  .  ,1 

T  On  the  subject  of  the  latter  portion  of  this  section,  see  the  treatise  ot  Dr.  tf°Deil  ,i 
Williams  on  "  Morbid  Poisons,"  the  "Principles  of  Medicine"  of  Dr.  Charles  J.  Jj  * 
Williams,  the  "Lectures  on  General  Pathology,"  by  Mr.  Simon,  and  the  chapter  ofj 
'  Specific  Diseases'  in  Mr.  Paget's  "Lectures  on  Surgical  Pathology,"  vol.  i. 
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he  junction  of  these  two  distinct  circulations,  which  may  be  likened  to 
,he  figure  8 ;  and  it  may  be  said  to  be  formed  by  the  fusion  of  two 
listinct  organs,  a  4  pulmonary'  and  a  'systemic'  heart;  for  its  right 
ind  left  sides,  which  are  respectively  appropriated  to  these  purposes, 
lave  no  direct  communication  witli  each  other  (in  the  perfect  adult  con- 
ation, at  least),  and  seem  merely  brought  together  for  economy  of 
tiaterial.*    Each  system  has  its  own  set  of  Arteries  or  efferent  vessels, 
ad  of  Veins  or  afferent  trunks;  these  communicate  at  their  central 
xtremity  by  the  Heart,  and  at  their  peripheral  extremity  by  the 
Capillary  vessels,  which  are  nothing  else  than  the  minutest  ramifica- 
iens  of  the  two  systems,   inosculating  into  a  plexus. — Besides  the 
vstemic  and  pulmonary  circulations,  however,  there  is  another  which 
3  no  less  distinct,  although  it  has  not  an  impelling  organ  of  its  own. 
?his  is  the  '  portal'  circulation,  which  is  interposed  between  the  venous 
•unks  of  the  abdominal  viscera  and  the  Vena  Cava,  for  the  purpose  of 
istributing  that  blood  through  the  Liver,  in  which  organ  its  newly- 
kbsorbed  materials  undergo  assimilation,  whilst  its  excrementitious 
kiatters  are  separated  by  the  secreting  process.    The  Vena  Porta?, 
I  Inch  is  formed  by  the  convergence  of  the  gastric,  intestinal,  splenic, 
I  id  pancreatic  veins,  subdivides  again  like  an  artery,  so  as  to  form 
capillary  plexus  which  extends  through  the  whole  substance  of 
I  le  liver  ;  and  the  Hepatic  vein,  collecting  the  blood  from  this  plexus, 
I  mveys  it  into  the  Vena  Cava.    Thus  the  portal  circulation  is  grafted 

I  o  to  speak)  upon  the  general  circulation,  in.  precisely  the  same  mode 

I I  the  respiratory  circulation  is  grafted  upon  it  in  Mollusca  and  Crusr 
lecea ;  and  if  the  '  sinus '  of  the  Vena  Porta?  had  possessed  contrac- 
I  e  muscular  walls,  it  would  have  ranked  as  the  proper  heart  of  the 
Inrtal  system.  The  really  arterial  character  of  the  Vena  Porta?  is  well 
I' own  by  comparing  it  with  the  Aorta  of  Fishes  ;  which  is  formed  by 
•I  e  convergence  of  the  Branchial  veins,  and  then  distributes  the  blood 
|  rich  it  has  received  from  them  to  the  body  generally. 

i  230.  That  the  movement  of  the  Blood  through  the  arterial  trunks 
I  d  the  capillary  tubes,  is,  in  Man,  and  in  other  warm-blooded  ani- 

T lis,  chiefly  dependent  upon  the  action  of  the  Heart,  there  can  be  no 
I 'ubt  whatever.  It  can  be  easily  shown  by  experiment,  that  if  the 
I'  .erial  current  be  checked,  the  capillaries  will  immediately  cease  al- 
l  JSt  entirely  to  deliver  the  blood  into  the  veins,  and  the  venous  cir- 
I  lation  will  be  consequently  arrested.  And  it  has  also  been  proved 
I  at  the  usual  force  of  the.  Heart  is  sufficient  to  propel  the  blood,  not 
I  ly  through  the  arterial  tubes,  but  through  the  capillaries,  into  the 
I  ins ;  since  even  a  less  force  will  serve  to  propel  warm  water  through 

?#i  vessels  of  an  animal  recently  dead.f  But  there  are  certain  "  resi- 
|  al  phenomena"  even  in  Man,  which  clearly  indicate  that  this  is  not 
I  s  whole  truth ;  for  not  only  is  the  general  current  of  blood  greatly 
I  »dified  in  its  passage  through  the  circulating  system,  but  there  are 
J  ny  variations  in  its  movement,  which,  being  very  limited  in  their 
I  <ent,  cannot  be  attributed  to  any  central  disturbance,  and  must  there- 

|  At  an  early  period  of  foetal  life,  as  in  the  permanent  state  of  the  Dngong,  the 
I  rt  is  so  deeply  cleft,  from  the  apex  towards  the  hase,  as  almost  to  give  the  idea  of 
I  separate  organs. 

•  See  Dr.  Williams's  "  Principles  of  Medicine,"  2nd  edit.,  p.  185,  note. 
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fore  be  dependent  on  causes  purely  local.  Hence  we  are  led  to  per- 
ceive that  forces  existing  in  the  Blood-vessels  themselves  must  have  a 
considerable  influence,  in  producing  both  general  and  local  modifica- 
tions of  the  effects  of  the  Heart's  action.  There  are  also  indications 
of  the  existence  of  influences  in  which  the  blood-vessels  do  not  par- 
take, arising  from  those  changes  occurring  between  the  blood  and  the 
tissues,  that  constitute  the  processes  of  Nutrition,  Secretion,  &c.  Of 
the  nature  of  these  influences,  and  of  the  degree  of  their  operation, 
the  most  correct  idea  may  be  obtained  by  examining  the  phenomena  of 
the  Circulation  in  those  beings,  in  which  the  moving  power  is  less  con- 
centrated than  it  is  in  the  higher  Animals.  Thus  we  find  that  in  Plants 
and  the  lowest  animals,  as  in  the  earliest  embryonic  state  of  the  highest, 
a  movement  of  nutritious  fluid  takes  place  through  a  system  of  minute  I 
passages  or  channels  excavated  in  the  tissues  (representing  a  capillary 
plexus),  without  any  vis  a  tergo  derived  from  an  impelling  organ.  As- 
cending a  little  higher  in  the  series,  we  meet  with  a  system  of  vascular 
trunks,  distributing  the  blood  to  these  plexuses,  and  collecting  it  again 
from  them  ;  and  the  walls  of  these  trunks  are  so  far  endowed  with  con-| 
tractility,  as  to  assist,  by  a  sort  of  peristaltic  movement,  in  the  mainte- 
nance of  the  current  through  them.  Still  passing  upwards,  we  find] 
this  contractility  manifesting  itself  especially  in  some  limited  portion  orl 
portions  of  the  vascular  system,  which  execute  regular  movements  ofl 
contraction  and  dilatation ;  and  this  tendency  to  concentration  is  in-j 
creasingly  observed,  until  the  whole  movement  is  subordinated  to  tha 
action  of  a  principal  propelling  organ,  the  Heart.* 

231.  The  elaborate  dissections  of  Dr.  J.  B.  Pettigrewf  have  shown) 
that  the  walls  of  the  ventricles  of  the  Heart  are  composed  of  a  series 
of  seven  layers  or  strata  of  muscular  fibres,  of  which  three  are  external! 
the  fourth  is  central,  and  the  remaining  three  are  internal.  The  direcj 
tion  of  the  fibres  constituting  these  layers  gradually  changes  from  a 
nearly  vertical  to  a  horizontal  or  transverse  one,  which  is  the  coursj 
pursued  by  the  fourth  layer,  and  from  this  back  again  to  a  nearly  ver[' 
tical  one.  The  fibres  composing  corresponding  external  and  interna 
layers,  such  as  layers  one  and  seven,  two  and  six,  &c,  are  continuoxa 
in  the  left  ventricle  at  the  left  apex,  and  in  the  right  ventricle  in  th 
track  for  the  anterior  coronary  artery,  the  fibres  of  both  ventricla 
being  for  the  moat  part  continuous  likewise  at  the  base,  forming,  there! 
fore,  a  series  of  figure  of  eight  loops.  The  outermost  fibres  of  botj 
ventricles,  on  reaching  the  apex  of  the  heart,  present  two  bundlei 
which,  curving  round  in  the  form  of  a  vortex,  or  whorl,  become  corf 
tinuous  with  the  fibres  of  the  carnea3  colurnnae  and  musculi  pupillarefc 
The  contraction  of  the  muscular  walls  of  the  cavities  of  the  heart  e* 
pels  the  whole  of  their  contents,  the  regurgitation  of  which  is  prf 
vented  by  valves,  the  structure  of  which  has  also  been  investigated  1| 
Dr.  Pettigrew.J  The  muscular  fibres  of  the  heart  are  peculiar 
presenting  an  intermediate  form  between  the  striped  and  unstnpi 
varieties  of  muscular  tissue;  the  fibres  are  striated,  destitute  I 
a  sarcolemma,  and  according  to  Eberth,§  are  composed  of  broj 

*  See  "  Princ.  of  Comp.  Phys.,"  chap.  v.      f  " Pbil.  Trans.,"  part  iii.  1864,  p.  41  | 
+  "  Transact,  of  the  Roy.  Soc.  of  Edin.,"  vol.  xxii.  part.  iii.  p.  761,  1864. 
§  Virchow's  "Archiv,"  Bd.  xxxvii.  Heft  1,  p.  100. 
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cells,  that  are  often  forked  at  their  extremities  or  give  off  lateral 
prolongations  which,  being  firmly  adherent  to  each  other,  produce 
a  deceptive  appearance  of  anastomosis  of  the  fibres.  In  a  chemical 
point  of  view  the  muscular  tissue  of  the  heart  is  characterized  by 
containing  a  larger  amount  of  water  than  other  muscles  (79,  instead 
of  76  per  cent) ;  a  considerable  quantity  of  a  peculiar  kind  of  sugar, 
inosite,  a  very  small  proportion  of  kreatin,  and  a  large  amount  of  krea- 
tanin.*  The  nerves  of  the  heart  are — 1,  Minute  ganglia  and  fibres  of 
the  sympathetic,  situated  in  the  walls  of  the  cavities,  and  especially  in 
the  anriculo-ventricular  furrow.  2,  Fibres  derived  from  the  cervical 
portion  of  the  sympathetic,  and  passing  to  the  cardiac  plexus,  between 
the  aorta  and  pulmonary  artery.  3,  Cerebro-spinal  fibres  entering  the 
inferior  cervical  or  stellate  ganglion  and  proceeding  to  the  same  plexus, 
and  probably  derived  from  a  centre  situated  in  the  brain  and  spinal 
cord.  And  4,  Fibres  coursing  in  the  vagus,  and  originating  in  a  centre 
situated  in  the  medulla  oblongata.  The  first  three  of  these  ganglia  and 
fibres  probably  collectively  constitute  the  excito-motor  system  of  the 
heart,  the  fourth  is  an  inhibitory,  restraining,  or  regulo-motor  centre. 
According  to  Eberth  and  Belajeff,f  the  endocardium,  especially  in 
the  ventricles,  and  both  surfaces  of  the  pericardium,  present  a  mesh- 
work  of  fine  lymphatics,  the  walls  of  which  in  some  parts  consist  only 
of  a  single  layer  of  intimately-adhering  cells.  No  lymphatics  are  trace- 
able on  the  chorda?  tendinea?,  and  very  few  upon  the  auriculo-ventricu- 
lar  and  semilunar  valves.  We  shall  now  examine  what  agency  in  the 
Human  Circulation  may  be  attributed  to  the  Heart,  the  Arteries, 
and  the  Veins  respectively;  and  what  other  forces  may  be  fairly 
[•resumed  to  operate  in  the  Capillary  circulation. 

2.  Action  of  the  Heart. 

232.  The  Heart  is  endowed  in  an  eminent  degree  with  the  property 
)f  Irritability,  by  which  is  meant  the  capability  of  being  easily  excited 
:o  movements  of  contraction  alternating  with  relaxation.  Thus,  after 
;  he  Heart  has  been  removed  from  the  body  and  has  ceased  to  contract, 
|  ■  slight  irritation  will  cause  it  to  execute,  not  one  movement  only,  but 
V'.  series  of  alternate  contractions  and  dilatations,  gradually  diminishing 
\  n  vigour  until  they  cease.  The  contraction  begins  in  the  part  irritated, 
nd  then  extends  to  the  rest.  It  appears,  however,  from.  Mr.  Paget's 
|  ^P^jmentSjJ  that  it  is  necessary  for  the  propagation  of  this  irritation, 
|  hat  the  parts  should  be  connected  by  muscular  tissue,  of  which  a  very 
I  arrow  isthmus  will  suffice ;  and  that  the  propagation  will  not  take 
1  h  V  c?nnectinS  isthmus  be  composed  of  tendon,  even  though 
I.  13  rJV*  portion  of  tne  anriculo-ventricular  ring,  which  has  been  sup- 
I  osed  by  some  to  be  peculiarly  efficacious  in  this  conduction.  Like  the 
l-ontractility  of  these  muscles,  that  of  the  Heart  can  only  be  continuously 
lastamed  by  a  supply  of  arterial  blood  to  its  own  tissue.  This  is  shown 
I  ot  only  by  the  serious  effects  produced  by  disease  of  the  coronary 

*  Ranke,  "Grundziige  d.  Physiolog.,"  1868,  p.  307. 
t  Virchow'H  "  Archiv,"  1866,  Bd.  xxxvii.  p.  55. 
+  '  Brit,  and  For.  Med.  Review,"  vol.  xxi.  p.  551. 
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arteries,  but  also  by  the  experiments  of  Erichsen*  and  Schiff  ;f  the 
former  of  whom  found  that  ligature  of  the  coronary  arteries  rapidly 
produced  cessation  of  the  movements  of  the  heart,  especially  if  the 
cardiac  veins  were  also  opened ;  whilst  the  latter  obtained  a  local 
paralysis  of  either  ventricle,  according  as  the  artery  distributed  to  the 
one  or  the  other  was  tied.J  The  contractility  of  the  Heart  is  much 
less  speedily  lost  in  cold-blooded  animals  than  in  warm-blooded ;  the 
heart  of  a  Frog,  for  instance,  will  continue  to  pulsate  for  as  many  as 
twelve  hours  after  its  removal  from  the  body,  particularly  if  kept  in 
an  atmosphere  of  oxygen,  though  it  ceases  in  a  few  minutes  if  immersed 
in  Carbonic  acid  gas.§  It  has  further  been  shown  by  Mr.  Tod,  that 
the  irritability  of  the  heart  is  of  great  duration  after  death  in  very 
young  animals ;  which,  as  was  long  since  demonstrated  by  Dr.  Edwards, 
agree  with  the  cold-blooded  Vertebrata  in  their  power  of  sustaining 
life  for  a  lengthened  period  without  oxygen. 

233.  It  is  difficult  to  account  for  the  long  continuance  of  the  alter- 
nate contractions  and  relaxations  of  the  muscular  parietes  of  the  Heart, 
after  all  evident  stimuli  have  ceased  to  act  upon  it ;  and  many  theories 
have  been  offered  on  the  subject,  none  of  which  afford  an  adequate  ex- 
planation.! The  extraordinary  tendency  to  rhythmical  action,  by  which 
the  heart  is  distinguished  from  nearly  all  other  muscles,  is  shown  by 
the  fact,  that  not  only  do  the  entire  hearts  of  cold-blooded  or  of  hiber- 
nating animals  continue  to  act  long  after  their  removal  from  the  body, 
but  even  separated  portions  of  them  will  contract  and  relax  with  great 

*  "Lond.  Med.  Gaz.,"  1842,  vol.  ii.  p.  561. 
t  "  Archiv  f.  Phys.  Heilk.,"  torn.  ix. 

X  v.  Bezold,  however,  found  that  ligature  of  the  coronaries  produced  but  little 
effect  for  a  considerable  period  in  rabbits. 
§  Castell,  Muller's  "Archiv,"  1854,  p.  226. 

||  The  rhythmical  movements  of  the  heart  may  iD  part  be  accounted  for  by  regard- 
ing them  as  an  expression  of  the  peculiar  vital  endowments  of  its  muscular  tissue,  and 
as  the  ordinary  muscles  of  the  body  may,  under  certain  conditions,  be  conceived  to 
contract  spontaneously  in  consequence  of  being  charged  with  motility  or  motor  force 
engendered  by  previous  acts  of  nutrition,  so  the  rhythmical  movements  of  the  heart 
may  be  due  to  a  simple  excess  of  this  motility,  continually  supplied  by  the  nutritive 
operations,  and  as  constantly  discharging  itself  in  contractile  action.   This  view  is 
supported  by  cases  of  muscular  action  where  no  nerves  are  apparent,  as  in  the  em- 
bryonic Heart  at  an  early  period,  and  the  hearts  of  the  lower  animals  (the  Tunicate 
for  instance),  and  also  by  cases  of  local  cramp  and  spasm  which  cannot  be^  fairly 
attributed  to  a  perverted  reflex  action  of  the  nervous  system.     M.  Brown-Sequard 
has,  however,  attributed  the  intermittent  action  of  the  Heart  and  other  muscles  to 
the  presence  of  venous  blood  in  their  capillaries,  which  he  believes  to  exert  a  stimu- 
lant  action  on  muscular  fibre.    (See  "Experimental  Researches,  &c,"  1853,  p.  j 
"  Comptes  Rendus,"  1857  ;  and  "Journal  de  la  Physiol.,"  1858,  p.  95  et  seg.)  !>• 
Radclifl'e,  on  the  other  hand,  has  adduced  evidence  to  the  effect  that  the  true  stimulus 
to  the  contraction  of  the  Uterus,  Heart,  and  other  rhythmically-acting  organs,  as  I 
well  as  indeed  of  all  muscular  tissue,  is  the  absence  of  oxygenated  or  arterial  blood  I 
("  Epilepsy,"  3rd  edit.,  p.  20  et  se.q.)  ;  whilst  Mr.  Paget  has  endeavoured  to  explain  I 
the  phenomena  by  referring  them  to  an  intermission  in  the  processes  of  nutrition  I 
("Croonian  Lecture,"  1857).    Lastly,  v.  Bezold  attributes  the  contractions  to  con- 1 
tinuous  excitations  originating  in  the  cardiac  excitomotory  ganglia,  which  meeting  .  ,  M 
continuous  resistances  in  the  cardiac  inhibitory  ganglia — only  periodically,  that  is  oi 
say,  after  overcoming  such  opposition — act  on  the  muscular  tissue.   None  of  *"^eI 
theories,  however,  appear  to  afford  a  sufficient  explanation  of  all  the  facts,  and  t  I 
essential  cause  of  the  rhythmical  action  of  the  Heart  must  still  remain  an  unsoneii 
question.    See  his  "  Untersuch.  iib.  d.  Innervation  des  Herzens,"  l.eipsig,  1863. 
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regularity  for  a  long  time.*  Thus  the  auricles  will  persist  in  their 
rhythmical  action,  when  cut  off  above  the  auriculo-ventricular  rings  ; 
and  the  apex  of  the  heart  will  do  the  same,  when  separated  from  the 
rest  of  the  ventricle.  There  is  strong  reason  for  believing  that  the  con- 
tact of  the  blood  itself  with  the  lining  membrane  of  the  Heart  is,  as 
Haller  maintained,  the  ordinary  stimulus  inciting  it  to  contract.  That 
i he  inner  surfaces  of  the  cavities  of  the  Heart  are  provided  with  sen- 
sory nerves,  is  incidentally  shown  by  an  experiment  of  Bernard,-}-  in 
which  the  contact  of  the  bulb  of  a  thermometer  with  the  interior  of 
the  ventricles  immediately  increased  the  number  of  pulsations.  Schiff  ;j; 
and  Budge§  have,  moreover,  shown  that  the  action  of  both  auricles  and 
ventricles  rapidly  ceases  if  they  are  placed  on  blotting  paper  ;  but  that 
they  may  be  called  into  action  again,  either  by  immersing  them  in 
blood,  or  by  dropping  a  little  blood  into  their  cavities.  And  an  inge- 
nious experiment  was  made  by  Haller  himself,  showing  that  if  arrange- 
ments are  made  by  which  either  the  right  or  left  side  of  the  Heart 
remains  filled  with  blood,  whilst  the  other  can  discharge  its  contents 
and  remains  empty,  that  side  which  is  stimulated  by  the  presence  of 
the  blood  continues  to  beat  rhythmically  long  after  the  movement 
of  the  other  has  ceased.  When  the  irritability  of  the  heart  is  nearly 
exhausted,  the  usual  rhythm  is  often  a  good  deal  disturbed,  so  that  the 
contractions  of  the  auricles  and  ventricles  do  not  regularly  alter- 
late  with  each  other ;  and  one  set  frequently  ceases  before  the 
sther. 

234.  When  the  Heart  is  exposed  in  a  living  animal,  and  ito  move- 
ments are  attentively  watched,  they  are  seen  to  follow  each  other  with 
jreat  regularity.    In  an  active  and  vigorous  state  of  the  circulation, 
lowever,  they  are  so  linked  together,  that  it  is  not  easy  to  distinguish 
hem  into  periods ;  both  Auricles  contracting,  and  also  dilating,  simul- 
aneously;  and  both  Ventricles  doing  the  same.    The  systole  or  con- 
raction  of  the  Ventricles  corresponds  with  the  projection  of  blood  into 
he  arteries ;  whilst  the  diastole  or  dilatation  of  the  Ventricles  coincides 
•vi th  the  collapse  of  the  arteries.    The  contraction  of  the  Ventricles 
nd  that  of  the  Auricles,  alternate  with  one  another;  each  taking  place 
for  the  most  part,  at  least,)  during  the  dilatation  of  the  other.  The 
;ntire  period  that  intervenes  between  one  pulsation  and  another,  is 
;  learly  equally  divided  between  the  systole  and  diastole  of  the  Ventricles, 
I  ?ut  tne  division  is  very  unequal  as  regards  the  Auricles ;  about  one- 
|  ifth  of  the  whole  being  occupied  in  their  contraction,  and  the  remainder 
|f:mg  taken-up  by  their  dilatation.  ||    The  following  tabular  view  will 
>erhaps  make  the  relations  of  the  several  parts  of  this  series  more 
I  ntelligible  :— 

■  *  ^eid! i  indeed,  was  of  opinion  ("  Cyc.  of  Anat.  and  Physiology,"  vol.  ii.  p.  611), 
nat  the  rhythmical  action  of  the  heart  in  the  frog  could  continue  in  the  absence  of  any 
I  hysical  stimulus,  for  he  observed  contractions  taking  place  even  in  vacuo ;  but  his 
|  xpenments  have  been  repeated  on  several  occasions  with  different  results,  the  pul- 

air,  and  commencing  again  when  it  was 

!  t  "  Lecons  sur  les  Liquides  de  l'Organisme,"  1859,  p.  124. 
+  Vierordt's  "  Archiv,"  1850,  p.  34. 
§  "Archiv  f.  Phys.  Heilk.,"  1846,  p.  561. 
Il  See  Marey,  "  Circulation  du  Sang,"  Paris,  1863,  p.  68. 
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Auricles.  Ventricles. 

4  |  Dilatation.  Contraction.  £ 

z  |  Continued  Dilatation,  First  stage  of  Dilatation.  )  3 

£    Contraction,  Second  stage  of  Dilatation.  \  T 

In  some  very  careful  experiments,  Donders*  ascertained  that  in  different 
persons  in  whom,  when  at  rest,  the  pulse  varied  from  74  to  94  per 
minute,  the  duration  of  the  action  of  the  ventricles — i.e.,  from  the  com- 
mencement of  the  first  to  the  commencement  of  the  second  sound — 
varied  from  0*327  to  0*301  seconds,  and  that  it  constituted  from  406  to 
45 "6  per  cent,  of  the  time  occupied  by  an  entire  cardiac  revolution.  In 
a  man  whose  pulse  was  only  32  per  minute,  the  duration  of  the  ven- 
tricular action  was  still  0*307  to  0*325  seconds,  though  its  proportion 
to  the  whole  revolution  had  fallen  to  about  18  per  cent.  From  whence 
it  appears  that  the  duration  of  the  activity  of  the  Ventricles,  determined 
by  the  ganglia  of  the  heart  itself,  is  independent  of  the  duration  of  the 
entire  cardiac  revolution,  which  is  regulated  by  the  Pneumogastrics.* 
"  When  the  Auricle  is  about  to  inject  the  Ventricle,  the  latter  is 
empty  and  contracted,  with  its  distal  or  ventriculo-arterial  valves  firmly 
shut  down  by  the  pressure  of  the  blood  upon  their  upper  surfaces. 
Immediately  upon  the  contraction  of  the  Auricle,  its  contained  blood 
passes  into  (distending  and  lengthening)  the  Ventricle ;  and  the  force 
which  it  transmits  not  being  sufficient  to  overcome  the  arterial  pressure 
and  weight  of  blood  upon  the  upper  or  arterial  surface  of  the  semilunar 
valves,  is  expended  in  distending  the  Ventricle  and  closing  the  auriculo- 
ventricular  valve,  which  then  forms  one  of  the  walls  of  the  Ventricle. 
To  this  succeeds  the  ventricular  contraction :  the  auriculo- ventricular 
valve  being  already  closed,  now  becomes  tense,  the  pressure  in  the 
Ventricle  overcomes  that  in  the  artery,  and  the  semilunar  valves  are 
raised." -j-  During  their  contraction  the  form  of  the  Ventricles  under- 
goes a  very  marked  change,  the  apex  of  the  Heart  being  drawn  up 
towards  its  base,  and  its  whole  shape  becoming  much  more  globular. 
Contrary  to  what  might  be  expected,  however,  the  apex,  and  not  the 
base,  is  the  part  which  undergoes  least  change  of  position  during  the 
systole  of  the  Ventricles,  and  this  appears  to  be  due  to  the  circumstance 
that  the  upward  movement  of  the  apex  effected  by  the  shortening  of  the 
Ventricles  during  contraction,  is  neutralized  by  the  descent  of  the 
whole  heart  occasioned  by  the  elastic  recoil  of  the  great  vessels  spring- 
ing from  the  base.  Indeed,  there  is  a  slight  over-compensation,  the 
apex  being  actually  pressed  downwards,  and  its  extremity  directed 
backwards  and  from  right  to  left.  When  the  Ventricles  contract  they 
are  clearly  seen  to  descend,  whilst  the  pericardial  portions  of  the  aorta  j 
and  pulmonary  artery  become  suddenly  greatly  elongated  and  distended. 
— The  impulse  is  felt  over  every  part  of  the  Ventricles  during  their  con- 
traction, but  most  forcibly  over  their  centre.  The  impulse  against  the 
ribs  is  most  probably  given  by  the  fibres  just  above  the  apex.  The 


*  "  Nederlandsch  Archief  voor  Genees-  en  Natuur-kunde,"  1865,  p.  139,  of  winch 
paper  a  full  translation  is  to  be  found  in  tbe  "  Dub.  Quart.  Journ.,"  vol.  xlv.  p.  225- 
See  also  some  estimates  by  Landois,  Henle  and  Meissner's  "Bericht,''  1866,  p.  411. 

f  See  the  instructive  papers  by  Dr.  Halford,  now  Prof,  of  Physiology  at  the  Lmv. 
of  Melbourne,  "  On  tbe  Times  and  Manner  of  tbe  Closure  of  the  Auriculo- Ventricular 
Valves,"  and  "On  the  Movements  and  Sounds  of  the  Heart,"  Lond.,  1861. 
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experiments  of  MM.  Chauveau  and  Marey,*  with  a  peculiar  form  of 
Sphygmograph  in  which  levers  of  extreme  lightness  register  the  undu- 
lations of  the  air  contained  in  elastic  sacs 
applied  to  the  surface  of  the  Heart  and  92- 
Thorax,  show  clearly   the  sequence  and 
Juration  of  the  movements  of  the  Auricles 
and  Ventricles,  and  the  coincidence  of  the 
impulse  with  the  contraction  of  the  Ven- 
tricles (Fig.  92).     The  mechanical  force 
put  forth  by  the  heart  is  wonderfully  great. 
Kankef  estimates  that  the  force  developed  by 
the  left  Ventricle  alone  amounts  to  64,800 
kilogrammeters  per  diem,  or  that  it  would 
be  sufficient  to  raise  142,560  lbs.  avoird.  ^^^^^^"'^ 

through  the  space  of  39'37  inches.  That  of     In  this  tracing  o  represents  the  short 

the  Right  Ventricle  he  estimates  at  one-  "^^^^^SS. 

third  Of  the  above.  The  combined  force  of  energetic  and  protracted  contraction  of 
,i  TT     ,  •  n  1-1,1        /•  the  Ventricles,  represented  by  the  line 

the  two  Ventricles  would  therefore  amount  0<  The  line  c  shows  the  impulse  of  the 
to  86,700  kilogrammeters,  which  is  equal  to         to  b°  coincident  with  the  Ven- 

1  !  •  i  ii       tricular  contraction. 

one-iourth  oi  that  which  can  be  exerted  by 

a  labourer  in  eight  hours  of  severe  labour.  According  to  M.  Marey, 
each  systole  of  the  heart  is  accomplished  by  a  single  shock  or  blow,  and 
not  by  a  series  of  shocks,  as  in  the  case  of  the  muscles  of  animal  life. 
The  duration  of  the  shock  in  the  case  of  the  heart  of  the  frog  is  as 
much  as  fifteen  times  longer  than  that  of  the  ordinary  striated  muscle. 

235.  The  course  of  the  circulating  fluid  through  the  Heart,  and  the 
action  of  its  different  valves,  will  now  be  briefly  described. — The  Venous 
blood,  which  is  returned  by  the  ascending  and  descending  Vena  Cava, 
anters  the  right  Auricle  during  its  diastole,  on  the  contraction  of  which  it 
s  propelled  through  the  tricuspid  valves  into  the  Ventricle,  which  thus 
becomes  completely  distended.  The  reflux  of  blood  into  the  veins  during 
;he  auricular  systole,  is  impeded  by  the  contraction  of  their  own  walls, 
md  is  limited  on  the  right  side  by  the  valves  placed  at  the  junction  of 
he  jugular  and  subclavian  veins  ;  but  these  valves  are  so  formed  as  not 
o  close  accurately,  especially  when  the  tubes  are  distended  ;  so  that  a 
anall  amount  of  reflux  usually  takes  place,  and  this  is  much  increased 
vhen  there  is  any  obstruction  to  the  pulmonary  circulation.  Whilst  the 
I  'ight  Ventricle  is  contracting  upon  the  blood  that  has  entered  it,  the 
I  'arnecs  columnce,  which  contract  simultaneously  with  its  proper  walls,  put 
I  he  chorda  tendinece  upon  the  stretch,  preventing  the  flaps  of  the  Tricuspid 
I  'alve  from  being  driven  back  into  the  auricular  cavity.    The  blood  is 
riow  expelled  by  the  ventricular  systole  into  the  Pulmonary  artery,  which 
It  distends,  passing  freely  through  its  Semilunar  valves ;  but  as  soon  as 
he  vis  a  tergo  ceases,  and  reflux  might  take  place  by  the  elastic  recoil  of 
I  ne  arterial  walls,  the  valves  are  filled  out  by  the  backward  tendency  of 
1 3e  D(0od,  and  completely  check  the  return  of  any  portion  of  it  into  the 
|  entricle.    The  blood,  after  having  circulated  through  the  lungs,  returns 
| .a Arterial  blood,  by  the  Pulmonary  Veins,  to  the  left  Auricle;  whence 

,  torn.  xvii.  p.  374 ;  and  "  Mem.  do  la 


Annal.  des  Scien.  Nat.,"  4th  sen,  Zool., 

+  Tn     V  '  S6r'      tom-      P*-     1862,  p.  1. 
'jrundzugc  der  PhyBiologio,"  1868,  p.  332. 
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it  passes  through  the  Mitral  valve  into  the  left  Ventricle,  and  thence 
into  the  Aorta  through  its  Semilunar  valves, — in  the  same  manner  with 
that  on  the  other  side,  as  just  described. 

236.  There  are,  however,  some  important  differences  in  the  structure 
and  functional  actions  of  the  two  divisions  of  the  Heart,  which  should 
be  here  adverted  to. — The  walls  of  the  left  Ventricle  are  considerably 
thicker  than  those  of  the  right ;  and  its  force  of  contraction  is  much 
greater.  The  following  are  the  comparative  results  of  M.  Bizot's  measure- 
ments,* taking  the  average  of  Males  from  16  to  79  years  : — 

Base.  Middle.  Apex. 

Left  Ventricle  .  .  .  4t\  lines  ...  5 J  lines  ...  3|  lines. 
Right  Ventricle  .    .    .    lf|  lines    ...    If  lines    ...    \^  lines. 

In  the  Female,  the  average  thickness  is  somewhat  less.    It  will  be  seen 
that  the  point  of  greatest  thickness  in  the  left  Ventricle  is  near  its 
middle  ;  while  in  the  right,  it  is  nearer  the  base.    The  thickness  of  the 
former  goes  on  increasing  during  all  periods  of  life,  from  youth  to  ad- 
vanced age ;  whilst  that  of  the  latter  is  nearly  stationary.  During 
pregnancy  there  is  an  hypertrophy  of  the  left  Ventricle  to  the  extent  of 
l-4th  or  even  l-3rd  of  the  original  thickness  of  its  walls.f    The  left 
Auricle  is  somewhat  thicker  than  the  right ;  the  average  thickness  of 
the  former  being,  according  to  Bouillaud,  a  line  and  a  half ;  whilst  that 
of  the  latter  is  only  a  line.    In  regard  to  the  relative  capacities  of  the 
right  and  left  cavities,  much  difference  of  opinion  has  prevailed.  And 
so  much  fallacy  may  arise  from  the  peculiar  condition  of  the  animal  at 
the  moment  of  death,  that  it  is  almost  impossible  to  make  any  direct 
measurement. — The  average  capacity  of  the  cavities  may,  however, 
be  estimated,  in  the  full-sized  Heart,  at  about  four  to  five  ounces. — 
There  is  a  well-known  anatomical  difference  between  the  auriculo- 
ventricular  valves  on  the  two  sides,  which  has  given  rise  to  the.  diversity 
of  name ;  and  this  seems,  from  the  researches  of  Mr.  King,|  to  be  con- 
nected with  an  important  functional  difference.    The  Mitral  valve  closes 
much  more  perfectly  than  the  Tricuspid ;  and  the  latter  is  so  constructs 1 
as  to  allow  of  considerable  reflux,  when  the  cavities  are  greatly  dis- 
tended.   According  to  Dr.  Flint,§  an  equally  well-marked  difference  ' 
sufficiency  also  exists  between  the  arterial  semilunar  valves  on  the  tw 
sides,  the  closure  of  the  pulmonary  being  much  less  perfect  than  th 
aortic.    Many  occasional  causes  tend  to  produce  an  accumulation  o 
blood  in  the  venous  system,  and  in  the  right  side  of  the  Heart ;  thus 
any  obstruction  to  the  pulmonary  circulation,  cold,  compression  of  th 
venous  system  by  muscular  action,  &c,  are  known  to  favour  such 
condition.    This  is  a  state  of  peculiar  danger,  from  a  liability  whic 
over-distension  of  the  Ventricular  cavity  has,  to  produce  a  state  of  mus 
cular  paralysis ;  and  in  the  structure  of  the  Heart  itself,  there  seems  t 
be  a  provision  against  it.    For,  when  the  ventricle  is  thus  distended,  th 
Tricuspid  valves  do  not  close  properly  ;  and  a  reflux  of  blood  is  per 
mitted,  not  only  into  the  Auricle,  but  also  (through  the  imperfec 
closure  of  their  valves  under  the  same  circumstances)  into  the  larg 

*  "  Me'm.  de  la  Soc.  Me'dic.  d'Observation  de  Paris,''  torn.  i. 

t  Larcher,  "  Comptes  Rendus  ;"  Henle  and  Meissner,  1857,  p.  467. 

$  "  Guy's  Hospital  Reports,"  vol.  ii.  §  "  Phys.,"  1866,  p.  203. 
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veins.  This  is  proved  by  the  fact,  several  times  observed  by  Dr.  J. 
Reid  in  his  experiments  upon  Asphyxia,  &c,  that  when  the  action  of 
the  right  ventricle  had  ceased  from  over-distension,  he  could  frequently 
re-excite  it,  not  merely  by  puncturing  its  walls,  but  by  making  an 
opening  in  the  jugular  vein.*  This  fact  evidently  afEords  an  indication 
of*  great  importance  in  the  treatment  of  Asphyxia ;  and  it  explains  the 
reflux  of  blood,  or  venous  pulse,  which  is  frequently  observed  in  cases  of 
pulmonary  disease,  and  which,  according  to  Mr.  King,  always  exists  even 
ia  health,  though  in  a  less  striking  degree. 

237.  When  the  ear  is  applied  over  the  cardiac  region,  during  the 
natural  movements  of  the  Heart,  two  successive  sounds  are  heard,  each 
pair  of  which  corresponds  with  one  pulsation  ;  there  is  also  an  interval 
of  silence  between  each  recurrence,  and  the  sound  that  immediately 
follows  this  interval  is  known  as  the  first  sound,  the  other  as  the  second. — 
The  first  sound  is  dull  and  prolonged ;  it  is  evidently  synchronous  with 
the  impulse  of  the  Heart  against  the  parietes  of  the  chest,  and  also  with 
the  pulse,  as  felt  near  the  heart ;  it  must,  therefore,  be  produced  during 
the  Ventricular  Systole. — The  second  sound,  which  is  short  and  sharp,! 
follows  so  immediately  upon  the  conclusion  of  the  first,  that  it  cannot 
take  place  during  the  auricular  systole  as  some  have  supposed,  but  must 
be  assigned  to  the  first  stage  of  the  ventricular  diastole,  when  the  auricles 
also  are  dilating. — With  regard  to  the  relative  duration  of  the  two 
sounds,  and  of  the  interval,  widely  different  estimates  have  been  formed. 
Thus  Laennec  considered  the  lengths  of  the  periods  of  sound  and 
silence  to  be  respectively  3-4ths  and  l-4th  of  the  whole  interval  between 
one  pulse  and  another  ;  by  Dr.  Williams,  and  by  Barth  and  Eoger,  the 
relative  lengths  of  these  periods  have  been  estimated  at  2-3rds  and  l-3rd ; 
whilst  the  experiment  of  VolkmannJ  (made  by  adjusting  two  pen- 
dulums to  vibrate  precisely  in  the  two  periods)  indicates  that  they  are 
almost  exactly  equal. 

238.  The  causes  of  these  sounds,  and  more  especially  of  the  first,  have 
been  the  subjects  of  much  discussion.  A  number  of  very  distinct  actions 
are  taking-place  during  the  period  of  the  production  of  the  latter ;  and 
3ach  of  these  has  been  separately  fixed-on  as  competent  to  produce  it. 
Thus  we  have  (1)  the  impulse  of  the  heart  against  the  parietes  of  the 
ihest ;  (2)  the  contraction  of  the  muscular  walls  of  the  ventricles ;  (3) 
;he  rush  of  blood  through  the  narrowed  orifices  of  the  aorta  and  pul- 
monary artery  ;  (4)  the  general  molecular  collision  of  the  particles  of  the 
uood  amongst  each  other,  and  their  friction  against  the  walls  of  the  ven- 
ricles ;  (5)  the  sudden  collision  of  the  stream  of  blood  issuing  from  the 
ventricles  with  the  column  of  blood  at  rest  on  the  semilunar  valves  of 
he  aorta  and  pulmonary  artery ;  and  (6)  the  sudden  tension  of  the  valves 
»f  the  auriculo-ventricular  orifices.  An  experiment  made  by  Dr.  Halford 

permits  the  first  two  of  the  above-mentioned  causes  to  be  at  once  dis- 
missed.   A  large  dog  was  chloroformed,  and  the  heart  being  exposed, 
ts  movements  were  maintained  by  artificial  respiration.    In  this  state, 
ie  sounds  being  plainly  audible,  the  superior  and  inferior  vena?  cava?, 

+  T^rff1''  Anatom-»  and  Pathol.  Researches,"  chap.  Hi. 

VMr      ^     ence  between  these  two  sounds  is  well  expressed  (as  Dr.  C.  J.  B. 
\  t         rr8  remarked)  by  articulating  the  syllables  lubb,  dup. 
■*•    l>ie  Hamodynamik,  nach  Vereuchen,"  p.  364. 
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and  the  pulmonary  veins  were  suddenly  compressed,  so  that  the  current 
of  blood  into  both  ventricles  was  arrested  ;  "  the  heart  continuing  its 
action,  a  stethoscope  was  again  applied,  when  neither  first  nor  second 
sound  was  heard ;  after  a  short  space  of  time  the  veins  were  allowed  to 
pour  their  contents  into  both  sides  of  the  heart,  and  both  sounds  were 
instantly  reproduced.    The  veins  being  again  compressed,  all  sound  was 
extinguished,  notwithstanding  that  the  heart  contracted  vigorously."  In 
regard  to  the  third,  fourth,  and  fifth  causes,  it  has  been  well  remarked,* 
that  as  regards  the  third,  there  is  no  abrupt  contraction  of  the  passages 
through  which  the  blood  flows  from  ventricles  to  vessels ;  and  it  may  be 
added,  that  there  Avould  be  no  sound  if  there  were;  sound  being  only 
produced  at  that  point  in  a  vessel  conveying  a  stream  of  fluid,  where  a 
sudden  enlargement  occurs.    In  regard  to  the  fourth  cause,  it  is  a  suffi-  I 
cient  answer  to  this  view,  that  during  other  periods  of  the  heart's  rhythm,  I 
such  collision  produces  no  sound  as  in  the  passage  of  the  blood  from  the  I 
auricles  to  the  ventricles ;  and  in  reference  to  the  fifth  cause,  which  has  I 
been  ably  advocated  by  Dr.  Leared,  it  appears  from  Dr.  Halford's  expe- 1 
riments,  that  at  the  moment  when  the  systole  of  the  ventricle  is  about  to  I 
take  place,  the  active  and  passive  columns  of  blood,  or  those  below  and  I 
upon  the  semilunar  valves,  are  not  separated  by  any  space  ;  that  there  is  I 
no  propulsion  of  the  blood  from  a  distance  against  the  passive  column,! 
but  that  when  the  ventricles  contract,  the  fluid  pushes  open  the  valves! 
nnd  communicates  its  force  to  the  column  in  the  vessels,  a  circumstance I 
Avhich  does  not  appear  likely  to  be  accompanied  by  much,  if  any  sound.  I 
We  are,  therefore,  reduced  to  the  single  cause  of  the  sudden  tension  ofl 
the  auriculo-ventricular  valves  ;  and  this  there  appears  every  reason  tol 
believe,  as  has  been  long  held  by  Dr.  Billing-]"  and  Dr.  Halford,  is  the! 
essential  cause  of  the  first  sound.    At  the  same  time  it  must  be  admitted! 
that  very  high  authorities  have  adduced  strong  evidence  in  favour  of  the! 
second  and  third  of  the  above-mentioned  causes ;  and  that  these,  conse-i 
quently,  may  aid  in  its  production. 

239.  That  the  second  sound  is  produced  in  the  act  of  closure  of  thei 
Semilunar  valves,  is  now  almost  universally  admitted ;  the  simple  hook- 
ing-back  one  of  these  valves  by  a  curved  needle  against  the  side  of  the! 
artery,  so  as  to  permit  a  reflux  of  blood  into  the  ventricle,  being  suflicientl 
to  suppress  this  sound  altogether.  Whether  it  proceeds  from  the  tension!; 
of  the  valves  themselves,  or  from  the  recoil  of  the  blood  against  them,  or! 
from  both  causes  combined,  has  not  been  clearly  determined ;  probably! 
the  last  is  the  true  account  of  it. — When  the  first  sound  is  altered  by  dis-J 
ease  of  the  semilunar  valves,  occasioning  obstruction  to  the  exit  of  blood | 
the  second  sound  also  is  affected  in  its  character ;  and  if  the  disease  be  of,] 
such  a  kind  as  to  prevent  these  valves  from  effectually  closing,  a  reflux  oft; 
blood  takes  place  into  the  ventricle  at  the  time  of  its  diastole,  causing  an 
rushing  sound  that  is  analogous  to  the  ordinary  first  sound,  or  to  somat 
of  its  modifications.    Thus  the  second  sound  may  come  to  acquire  scj  i 
completely  the  character  of  the  first,  that  it  is  difficult  to  distinguish  tlicj 
two  in  any  other  way,  than  by  the  synchronousness  of  the  first  with  tha  i 
heart's  stroke  and  with  the  pulse  in  the  arteries. J 

*  By  a  writer  in  the  "  Med.-Chir.  Rev.,"  April,  1860,  p.  354. 

t  "  Principles  of  Medicine."  .11 

%  On  the  subject  of  the  Sounds  of  the  Heart,  the  various  treatises  on  AuscultatioiM 
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240.  In  regard  to  the  influence  of  the  Nervous  system  upon  the 
Heart,  there  is  abundant  evidence  to  show  that  its  movements  may  be 
powerfully  affected  by  causes  acting  either  upon  the  Cerebro-spinal  or 
upon  the  Sympathetic  system ;  and  whilst,  upon  the  one  hand,  the  energy 
and  force  of  its  contractions  may  be  augmented  by  stimuli  applied  to 
these  centres,  it  appears  to  be  well  ascertained  that  the  Pneumogastric 
nerves,  originating  in  the  Medulla  oblongata,  may  be  the  means  of  con- 
veying an  influence  of  a  precisely  contrary  nature,  serving  to  inhibit, 
restrain,  or  regulate  the  Cardiac  movements.  The  fact  that  the  Heart 
will  continue  to  beat  after  its  removal  from  the  body,  or  after  the 
jradual  removal  of  the  whole  Cerebro-spinal  axis,  especially  if  the  flow 
of  blood  through  the  Lungs  be  kept  up  by  artificial  respiration,*  as 
well  as  the  existence  of  anencephalic  monsters  which  possess  a  regularly- 
pulsating  heart,  clearly  show  that  this  organ  is  not  exclusively  or 
essentially  dependent  upon  the  central  nervous  system  for  the  con- 
tinuance of  its  rhythmical  action.  Its  movements  under  these  circum- 
stances must  be  regarded  as  automatic,  and  governed  by  the  Sympa- 
thetic ganglia  distributed  through  its  substance.  On  the  other  hand, 
the  well-known  effects  of  mental  emotions  and  of  sudden  and  severe 
injuries  of  either  the  Sympathetic  or  Cerebro-spinal  system  upon  the 
Heart's  action,  prove  with  equal  certainty  that  its  action  may  be  in- 
fluenced through  nervous  fibres  in  connection  with  those  centres. 
Since  the  action  of  the  heart  may  be  both  accelerated  and  retarded  by 
the  nervous  system,  it  will  be  convenient  to  consider  the  agencies  by 
which  these  effects  may  be  produced  separately. 

241.  Nerves  Accelerating  the  Action  of  the  Heart. — The  recent  ex- 
tended researches  of  A.  von  Bezold,|  of  MM.  Ludwig  and  Thiry,|  of 
the  brothers  Cyon,§  and  of  Karl  Bever,||  appear  to  prove  that  an  influ- 
ence accelerating  the  frequency  of  the  beats  of  the  heart  may  originate 
a  the  medulla  oblongata,  or  some  higher  part  of  the  nervous  centres, 
since  if  the  spinal  cord  be  divided  at  the  level  of  the  atlas,  and  the  lower 
;ut  surface  be  irritated,  the  heart  beats  more  frequently.  The  acce- 
crator  nerves  appear  to  pass  out  by  the  lower  cervical  and  two  upper 
lorsal  nerves,  and  enter  the  corresponding  sympathetic  ganglia.  The 
iccelerating  influence  is  exerted  even  when  both  pneumogastrics,  the 

;  cervical  sympathetics,  and  the  splanchnics  have  been  divided.  In  this 
■xperiment,  although  the  heart  beats  more  frequently,  its  force  is  not 
!  mgmented;  and  consequently,  there  is  no  increase  of  the  pressure  of 
|  ne  blood  in  the  arteries.  If,  however,  the  splanchnics  are  left  intact 
I  the  pneumogastrics  and  cervical  sympathetics  being  divided  as  before), 
I  hen  irritation  of  the  lower  cut  surface  of  the  spinal  cord  occasions  not 

I  ,nf..on  leases  of  the  Heart,  by  Williams,  Blakiston,  Hughes,  Walshe,  Davies, 
I  'ellingham,  Stokes,  Skoda,  Barth  and  Koger,  Weber,  and  others,  may  be  advan- 
I  igeously  consulted  ;  see  also  the  account  of  Hamernijk's  investigations  in  the  "  Edin. 
I  lonthly  Journal,"  Jan.,  1849;  and  those  of  Kiwisch  in  the  "Brit,  and  For.  Mcd.- 
I  hir.  Rev.,"  April,  1852. 

*  J««  the  Experiments  of  Dr.  Wilson  Philip,  "  Experimental  Inquiry,"  &c.  p.  56. 
f  I  „  Untersuchungen  u.  d.  Innervat.  d.  Herz.,"  Leipzig,  1863. 

J    Sitz.  d.  k.  Akad.  zu  Berlin,"  Bd.  xlix. 

id  104 tZ'  d*k'  SaCh8'  Ge8c11,  d*  Wi88->"  1866>  and  "  Comptes  Rondus,"1867,  pp.  670 
II  "Wurz.  Med.  Zeits.,"  Bd.  vii.  p.  215. 
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only  an  increase  in  the  frequency  of  the  heart's  beats,  but  also  in  their 
force,  which  is  believed  to  result  from  the  irritation  of  certain  fibres, 
which  emerging  from  the  spinal  cord  below  the  third  dorsal  vertebra, 
enter  the  splanchnics — the  principal  vaso-motor  nerves  of  the  .body — 
and  effect  the  contraction  of  the  aorta  and  the  several  visceral  arteries. 
This  diminution  of  the  outlet  by  which  the  blood  passes  into  the 
capillaries  and  veins  over  a  large  area  of  the  body,  immediately  augments 
the  blood  pressure,  and  secondarily  the  frequency  of  the  beats  of  the 
heart.  That  this  is  a  correct  explanation  is  shown  by  the  fact,  that  the 
same  phenomena  may  be  observed  even  when  all  the  cardiac  nerves 
have  been  destroyed  by  the  galvano-caustic  method,  which  excludes 
the  possibility  of  the  observed  effects  being  due  to  the  direct  or  indirect 
influence  of  the  splanchnics  on  the  muscular  tissue  or  on  the  ganglia  of 
the  heart ;  whilst  it  has  also  been  shown  that  a  similar  increase  in  the 
force  and  frequency  of  the  cardiac  beats  can  be  effected  by  merely 
pressing  firmly  on  the  abdominal  aorta,  which  obviously  acts  in  the 
same  way  as  general  contraction  of  the  smaller  arteries.  In  con- 
clusion, therefore,  it  would  seem  that  the  increased  frequency  of  the 
heart's  action  following  irritation  of  the  spinal  cord,  is  the  result  of  two 
factors — first,  the  excitation  of  certain  nerves  that  probably,  as  Von 
Bezold  believed,  originate  in  the  medulla  oblongata  or  brain,  and  pass 
to  the  cardiac  ganglia,  through  which  they  act  on  the  heart;  and 
secondly,  the  irritation  of  those  vaso-motor  nerves  that  run  in  the 
splanchnics,  which  causing  the  arteries  to  contract,  leads  to  an  aug- 
mentation in  the  pressure  of  the  blood,  and  thus  secondarily  to 
increased  frequency  of  the  cardiac  beats.  According  to  Von  Bezold, 
irritation  of  the  cervical  portion  of  the  sympathetic  also  effects  an 
increase  in  the  frequency  of  the  beats  of  the  heart.  But  this  is  denied 
by  the  brothers  Cyon.  The  influence  of  mental  emotions,  as  Joy  and 
Fear,  in  producing  the  same  effect,  is  well  known,  and  probably  operates 
indirectly  on  the  nerves  that  pursue  the  paths  already  described. 

242.  Nerves  Retarding  the  Action  of  the  Heart. — The  retarding  in- 
fluence of  irritation  of  the  Pneumogastrics  on  the  action  of  the  heart, 
first  observed  by  "Weber,*  and  corroborated  by  many  subsequent  ex- 
periments, is  replete  with  interest.    When  a  moderately  strong  inter- 
rupted current  of  electricity  is  passed  through  one  or  both  of  these 
nerves,  the  cardiac  movements  are  suddenly  arrested.    Now  in  the 
case  of  any  voluntary  muscle,  the  passage  of  such  a  current  through  I 
the  nerves  supplying  it  produces  a  state  of  tonic  contraction  orj 
tetanus;  but  in  the  case  of  the  Heart  the  effect  produced  is,  on  the| 
contrary,  that  of  complete  relaxation.     The  cessation  in  diastole  ofj 
the  rhythmical  action  is  not,  however,  of  long  duration  ;  contraction! 
soon  recommences,  notwithstanding  the  continued  application  of  thel 
electrical  stimulus;  though  it  can  again  be  arrested  by  passing  the  in- 1 
terrupted  current  through  a  fresh  portion  of  the  nerve,  situated  lowerl 

*  See  Weber  in  "  Archives  d'Anat.  Gen.  et  de  FhvsioL,"  Jan.  1846,  and  "  Wag-I 
ner's  Handworterbuch,"  Bd.  iii.  2,  p.  31 ;  Budge  in*"Archiv  f.  Phys.  Heilkundc,  I 
1846,  v.  p.  319  ;  and  Schiff  in  his  "  Physiologie,"  1859,  p.  417  et  seq.  Czermak,  in! 
the  "  Jenaische  Zeitschrift,"  1865,  p.  384,  has  been  able  to  produce  the  usual  enwf 
of  irritation  of  the  Vagus  in  his  own  person  by  carefully  applied  pressure  over  thel 
nerve  in  the  neck. 
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down  or  nearer  to  the  Heart.    Moreover,  it  has  been  observed  that 
after  section  of  the  Pneumogastrics,  the  frequency  and  force  of 
the  Heart's  action  are  instantaneously  increased,  as  shown  by  the 
increased  pressure  of  the  Blood  in  the  arteries.    By  the  application 
of  an  ingeniously  contrived  apparatus,  Pfliiger   has   been  able  to 
demonstrate  that  the  first  perceptible  effect  of  slight  irritation  of  the 
Pneumogastrics  is  the  prolongation  of  the  diastole  of  the  heart,  or  a 
retardation  of  the  motor  impulse  inducing  the  next  contraction.  In 
all  instances,  and  whatever  might  be  the  strength  of  the  current,  even 
when  sufficient  to  produce  complete  arrest  of  the  cardiac  movements, 
two  entire  beats  always  intervened  before  the  cessation  occurred.  When 
k  violent  or  long-continued  excitation  was  applied  to  the  Pneumogastrics, 
producing  stoppage  of  the  heart's  action,  the  first  beats  on  its  recovery 
were  usually  very  feeble ;  but  when  only  moderately  strong  currents 
were  applied,  the  first  beats  were  often  as  energetic,  or  even  more 
j  powerful  than  before.    This  would,  seem  to  show  that  the  Pneumo- 
gastrics exert  a  directly  depressing  influence  on  the  motor  ganglia  and 
[  nerves  of  the  heart,  the  more  vigorous  beats  in  the  last  instance  being 
I  only  the  effect  of  the  musclar  tissue  of  the  heart  storing  up  more  energy  in 
consequence  of  the  longer  diastole.   With  the  retardation  of  the  heart's 
action,  diminished  pressure  of  the  blood  in  the  arteries  was  always 
i  demonstrable.  From  the  experiments  of  Schiff ,  which  have  been  partially 
:orroborated  by  Heidenhain,*  it  is  probable  that  the  fibres  coursing  in 
I  the  Pneumogastrics  capable  of  effecting  this  arrest  of  the  movements  of 
I  ;he  heart  are  primarily  derived  from  the  spinal  accessory  nerve,  since 
fi.  3n  evulsion  of  this  nerve  the  cardiac  beats  are  increased  in  frequency 
md  force ;  and  after  the  lapse  of  a  few  days,  when  its  fibres  may  be 
pupposed  to  have  undergone  degeneration,  and  to  have  lost  their  con- 
liluctivity,  irritation  of  the  trunk  of  the  pneumogastrics  is  no  longer 
ollowed  by  its  usual  inhibitory  effect ;  nor  does  its  section  induce  any 
|;urther  increase  of  the  cardiac  action.    Another  agency,  by  which  a 
|;  •etarding  influence  may  be  exerted  on  the  action  of  the  heart,  whilst  the 
l:-,orta  and  its  branches  may  be  caused  actively  to  dilate,  has  been  shown 
y  MM.  Cyon  and  Ludwig,f  to  exist  in  the  fibres  of  a  small  nerve  that 
I  .rises  in  the  rabbit  either  from  the  superior  laryngeal  and  the  trunk  of 
I-  meumogastric,  or  from  the  former  alone,  and  which  enters  below  into 
I  onnection  with  the  branches  of  the  inferior  cervical  ganglion,  or  ganglion 
I  tellatum.    They  propose  to  term  this  the  depressor  nerve  of  the  heart, 
I  mce  if  it  be  divided,  and  the  lower  cut  surface  irritated,  no  effects  are 
I  bserved;  but  if  the  upper  cut  surface  is  stimulated,  then  the  aorta 

I  nth  the  visceral  arteries  actively  dilate,  and  coincidently  there  is  a  con- 
I  tderable  diminution  in  the  force  and  frequency  of  the  cardiac  beats. 
I  ?ne  nerve,  therefore,  seems  to  act  reflectorially  on  the  vessels,  and 

I I  hus  indirectly  depresses  the  action  of  the  heart.  There  is  reason  to 
relieve  that  the  depressing  effects  of  shock  may  be  exerted  no  less 
I  irectly  through  the  Sympathetic  than  through  the  Cerebro-spinal 
1 7stem ;  and  that  considerable  disturbance  may  ensue  from  lesions  of 
I  ich  parts  of  it  (at  least)  as  are  most  nearly  connected  with  the  heart. 
I  or  the  well-known  fact  of  sudden  death  not  unfrequently  resulting 

•  "  Studien  dcs  Physiolog.  Instituts  zu  Breslau,"  1865,  p.  109. 
t  "  Arbeiten  aufl  d.  Phys.  Anstalt  zu  Leipzig,"  1867,  p.  128. 
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from  a  blow  on  the  epigastric  region,  especially  after  a  full  meal, 
without  any  perceptible  lesion  of  the  viscera,  seems  to  indicate  that  a 
violent  impression  upon  the  widely-spread  coeliac  plexus  of  Sympathetic 
nerves  (which  will  be  much  more  extensively  communicated  to  them 
when  the  stomach  is  full,  than  when  it  is  empty),  may  cause  the  imme- 
diate  cessation  of  the  Heart's  action  probably  by  a  reflex  action 
exerted  on  the  pneumogastrics,  in  the  same  manner  as  a  severe  injury 
of  the  Brain  or  Spinal  Cord.    And  a  case  has  been  put  on  record,  in  1 
which  the  heart's  pulsations  were  occasionally  checked  for  an  interval  of  II 
from  4  to  6  beats,  its  cessation  of  action  giving  rise  to  the  most  fearful! 
sensations  of  anxiety,  and  to  acute  pain  passing  up  to  the  head  from  both  I 
sides  of  the  chest — these  symptoms  being  connected,  as  appeared  on  a  post- 1 
mortem  examination,  with  the  pressure  of  an  enlarged  bronchial  gland! 
upon  the  great  cardiac  nerve.*    From  the  experiments  of  M.  E.  Cyont! 
it  appears  that  oxygen  especially  excites  the  motor  ganglia  of  the  heart,! 
and  that  its  presence  is  requisite  for  the  due  and  regular  performance!  i 
of  the  cardiac  contractions;   whilst  carbonic  acid  is  a  stimulant  tolr 
the  regulatory  or  inhibitory  centres.    The  same  observer,  in  experi-lii 
menting  on  the  effect  of  temperature  upon  the  heart  of  the  frog,  fbundl  i 
that  every  increase  in  temperature  within  certain  limits,  when  gradually* 
induced,  excited  the  motor  ganglia ;  but  that  sudden  variations  acteJ  j 
like  a  shock  in  depressing  their  actions.    Very  low  temperatures  caused! 
the  movements  of  the  heart  to  assume  a  peristaltic  character ;  whilsiQ 
high  temperatures  threw  it  into  a  state  of  tetanus.^ 

243.  During  the  last  few  years  the  action  of  numerous  poisons  oiM 
the  heart  has  been  made  a  subject  of  special  investigation,  but  th< 
results  at  present  obtained  scarcely  admit  of  being  accurately  classified  111 
Some  appear  to  act  as  paralysers,  others  as  excitors  of  the  motor  anc  i 
inhibitory  nerves  respectively ;  others,  as  the  sulphocyanide ,  of  potas  1 1 
sium,§  act  directly  on  the  muscular  tissue,  rendering  it  incapable  o 
responding  to  the  strongest  stimuli.     And  others,  again,  indirect!  I >i 
influence  the  force  and   frequency  of  the  heart's  action  by  thei 
action  on  the  respiratory,  or  possibly  upon  the  vaso-motor  systems  op 
nerves.    When  it  is  remembered  that  different  animals  are  not  affectejjl 
in  the  same  manner  by  particular  poisons,  and  that  there  is  frequentll  I 
a  difference  between  the  effects  of  large  and  small  doses,  it  may  be  corf  I 
ceived  that  the  difficulty  of  explaining  the  phenomena  observed  3 
extreme.    It  may  be  observed,  however, ||  that  some  poisons,  as  thl 

*  Miiller's  "Archiv,"  1841,  Heft  3;  and  "Brit,  and  For.  Med.  Rev.,"  OcH 
1841. — It  may  be  surmised  that  in  many  cases  of  angina  pectoris,  in  which  no  lesidjo 
adequate  to  account  for  death  could  be  discovered,  some  affection  of  the  cardial 
plexus  might  have  been  traced  on  more  careful  examination. 

t  "Bericht  d.  Sachs.  Gesell.  d.  Wiss.,"  July,  1866. 

t  See  also  Eckhard  in  his  "  Beitriige  zu  Anat.  v.  Physiol.,"  Bd.  iv.  p.  33,  who  shod 
that  variations  in  temperature  act  primarily  on  the  nervous  centres  in  the  heart.  fc» 

§  C.  Bernard,  "  Le?ons  sur  les  Substances  Toxiques,  &c,"  1857,  p.  358 ;  Ml 
Ollivier  and  Bergeron  in  Brown-Se'quard's  "Journal  de  la  Physiol.,"  1863, pp.  35  a# J 
47,  and  MM.  Dubreuil  and  Legros,  "  Comptes  Rendus,"  1867,  p.  1256. 

||  See  T.  R.  Fraser,  M.D.,  'On  the  Physiological  Action  of  the  Calabar  Ben 
Physostigma  venenosum,'  from  the  "  Transact,  of  the  Roy.  Soc.  of  Edinh,"  vol.  xxi  ■ 
1867,  and  the  'Paper  on  the  Application  of  Physiol.  Tests  for  certain  Orgai :  jl 
Poisons,  and  especially  Digitaline,'  by  Dr.  Fagge  and  Dr.  Stevenson,  in  "Gru;H 
Hosp.  Reports,"  1846,  p.  47. 
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Antiaristoxicaria;*  Tanghiniavenenifera;f  Digitalis;  Helleborus  niger ; 
Helleborus  viridis ;  the  green  resin  obtained  from  the  Nerium  oleander ;  J 
Squill ;  Manganja,  from  the  Zambesi  river  (Dr.  Sharpey)  ;  and  Carroval 
and  Vao,  from  the  river  Darien  ;§  most  of  which  have  been  examined  by 
Drs.  Fagge  and  Stevenson,  produce  in  frogs  a  peculiar  form  of  irregu- 
larity in  the  action  of  the  heart,  attended  with  protrusion  of  its  walls  at 
different  points,  and  acceleration  of  its  beat ;  then  diminished  frequency, 
caused  by  protraction  of  the  ventricular  systole ;  and  finally,  stoppage 
of  the  contractions  by  cessation  of  the  dilatation  of  the  ventricles,  which 
remain  contracted,  white,  and  perfectly  empty.  The  stoppage  usually 
occurs  in  from  five  to  twenty  minutes  after  the  administration  of  the 
poisonous  dose,  and  the  animal  retains  its  control  over  the  voluntary 
movements  for  a  quarter  of  an  hour  or  more  after  the  heart  has  ceased 
to  beat.  Calabar  bean,  on  the  other  hand,  according  to  Dr.  Fraser,  is  a 
poison  that  produces  cardiac  paralysis  in  an  exactly  reverse  manner.  It 
causes  no  acceleration  ;  it  diminishes  the  frequency  of  the  contractions 
by  prolonging  the  ventricular  diastole ;  and  it  produces  the  final 
stoppage  by  cessation  of  the  contraction  of  the  ventricles,  which  then 
remain  dilated,  dark,  and  full  of  blood.  || 

244.  There  seems  adequate  reason  to  believe  that  the  whole,  or  very 

*  Neufeld,  "  Stud,  des  Physiol.  Instit.  zu  Breslau,"  1865,  Heft  3. 
+  Pelikan  and  Dybkowski,  "  C.  Eend.,"  1865,  p.  1209.     J  Pelikan,  ib.  1866,  p.  237. 
§  Hammond,  "Anier.  Journ.  of  Med.  Sci.,"  1859,  July,  p.  13. 
|  Ai>enious  acid  (Cunze,  "  Zeits  .  f.  Eat.  Med.,"  Bd.  xxviii.  p.  33,  and  Sklarek, 
Reicherl's  "  Archiv,"  1866,  p.  481),  bromide  of  potassium  (Eulenberg  and  Guttmann, 
"  Comptes  Bendus,"  1867,  p.  1281),  the  salts  of  barium  and  of  oxalic  acid  (Cyon, 
Reichert's  "Archiv,"  1866,  p.  196),  chloroform  (P.   Q.  Brondgeest  "Nederland. 
Archief,"  1865,  p.  473,  and  Dogiel,  Reichert's  "  Archiv,"  1866,  pp.  231  and  415), 
nicotin,  quinine  (Euleuberg,  "Comptes  Rendus,"  1867,  p.  421,  Solyet,  ibid.  1867, 
i  719),  strychnia  (Heineman,  Virchow's  "  Archiv,"  xxxiii.  p.  394),  the  arrow  poison 
•t'15orneo  (Braidwood,  "Edin.  Med.  Journ.,"  Aug.  1864),  aconilina  (Achscharumow, 
-ieichert's  "  Archiv,"  1866,  p.  281),  caffein  and  thein  (Leven,  in  Brown-Se'quard's 
;  Archiv.  de  Physiologie,"  1868,  p.  481),  and  the  gases,  sulphui-etted  hydrogen  (Kauf- 
nann  and  Rosenthal,  Reichert's  "Archiv,"  1865,  Heft  6),  hydrocyanic  acid  (Preyer, 
'  Archiv  f.  Path.  Anat.,"  Bd.  xl.  p.  125),  carbonic  oxide  (Pokrowsky,  ibid.  1866, 
j deft  1,  and  Traube,  "  Centralblatt,"  No.  10,  1866),  carbonic  acid  (Cyon,  "  Comptes 
I  kendus,"  1867,  p.  1049),  or  blood  saturated  with  them,  seem  all  to  exercise  a  de- 
pressing influence  upon  the  motor  ganglia  of  the  heart,  causing  it  to  stop  in  diastole, 
I  n  some  instances  with,  in  others  without,  a  preliminary  stage  of  accelerated  fre- 
r  uency  of  beat  and  augmented  blood  pressure.    When  the  stoppage  in  diastole  is 
I  ndden,  as  occurs  when  blood  charged  with  carbonic  acid  is  transmitted  through  the 
I  eart,  the  effect  may  with  probability  be  referred  to  direct  stimulation  of  the  extremi- 
ties of  the  pneumogastric  or  inhibitory  nerves.    Cinchonine  accelerates  the  action  of 
fiie  heart  (Elson,  "Amer.  Journ.  of  Med.  Science,"  J  866,  July,  p.  9).  Atropin 
I  /.Bezold  and  Blbbaum,  "  Unters.  ausdcr  Physiol.  Labor,  zu  Wiirzburg,"  1867,  p.  1), 
I  aralyses  the  terminal  branches  of  the  vagus  in  the  heart.    The  feeble  influence 
i  xerted  by  the  vagus  over  the  cardiac  movements  in  rabbits  explains  in  part  their 
urnunity  from  the  injurious  effects  of  large  doses  of  the  poison  (see  Dr.  Ogle,  "Med. 
I  lmes  and  Gaz.,"  1867,  p.  466.)    Much  discussion  has  arisen  in  regard  to  the  question 
j  nether  the  inhibitory  power  of  the  pneumogastiic  nerves  upon  the  hearti  s  affected 
\  /  the  administration  of  woorara,  Bernard  ("  Lecons  sur  les  Effets  des  Substances 
joxiques,"  1857,  pp.  348,  352,  373),  Kblliker  (Virchow's  "Archiv,"  Bd.  x.  11,  17, 
G  >,n,  and  "  Med.  Central  Zeitung,"  1858,  No.  58),  Heidcnhain  ("  Allg.  Med.  Central 
I  e;t.,  1858,  No.  64),  Funke  ("  Lchrbuch,"  4th  edit.  1863,  p.  959,  and  979),  Goltz 
Mrchow's  "  Archiv,"  Bd.  xxvi.  p.  24),  and  Budge  ("Physiologie,"  1862,  p.'  549), 
|  ,n.81(Jcnng  it  to  be  proved  that  these  nerves  are  rendered  incapable  of  transmitting 
°jr  inhibitory  influence  ;  whilst  v.  Bezold  ("  Central  Zeit.,"  1858,  Nob.  49  and  59), 
[  ulPIan  ("Uaz.  Mdd.de  Paris,"  1858,  No.  27,  p.  429),  Meissuer  ("Zeits.  f.  Rat, 
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nearly  the  whole,  of  the  blood  contained  in  the  Ventricles,  is  discharged 
from  them  at  each  systole  ;  for  the  left  ventricle  is  very  frequently  found 
quite  empty  after  death  ;  and  if  a  transverse  section  be  made  through  the 
heart,  when  in  a  state  of  well-marked  rigor  mortis  (which  may  be  con- 
sidered as  representing  its  ordinary  state  of  complete  contraction),  the 
ventricular  cavity  is  found  to  be  entirely  obliterated.*     The  total 
quantity  discharged  from  either  ventricle  of  the  Human  heart  at  each 
systole,  is  estimated  by  Valentin  at  5*3  oz.,  by  Volkmann  at  6-2  oz.,  and 
by  Vierordt  at  6-3  oz. ;  but  these  amounts  are  deduced  from  calcula- 
tion of  the  (supposed)  total  of  the  blood,  divided  by  the  estimated  I 
duration  of  its  passage  through  the  heart,  rather  than  from  actual  ad- 
measurement.   The  time  occupied  by  the  Blood  in  making  an  entire! 
circuit  of  the  body  was  attempted  to  be  ascertained  by  Hering,-j-  by  in-l 
troducing  prussiate  of  potass  into  one  part  of  the  system,  and  drawing! 
blood  from  another.    He  states  that  he  detected  this  salt  in  bloodl 
drawn  from  one  of  the  jugular  veins  of  the  Horse  in  about  30  seconds  after  j 
it  had  been  introduced  into  the  other ;  in  which  brief  space  the  blood  must 
have  been  received  by  the  heart,  have  been  transmitted  through  the  | 
lungs,  have  returned  to  the  heart  again,  have  been  sent  through  the 1 
carotid  artery,  and  have  traversed  its  capillaries.    These  experiment!  i 
have  been  fully  confirmed  by  those  of  Poiseuille,J  and  of  Mr.  Blake,*  i 
who  found  that  a  solution  of  nitrate  of  baryta  injected  into  the  jugular 
vein  of  a  horse  appeared  in  the  blood  of  the  carotid  artery  of  the  op-  i 
posite  side  after  an  interval  of  15  seconds.    The  same  inquiry  has  beei ! 
pursued,  with  improved  means,  by  Vierordt.  ||    Thi3  observer  affixed  ! 
number  of  small  cups  to  a  drum  which  was  made  to  rotate  at  a  certait 
velocity  in  front  of  the  opened  vein ;  analyses  of  the  contents  of  the  several 
vessels  enabled  him  to  ascertain  with  great  accuracy  the  moment  a! 
which  the  salt  injected  made  its  appearance.    In  this  way  he  deteri 
mined  the  number  of  seconds  occupied  by  the  blood  in  performing  onji 
entire  revolution  to  be,  in  Squirrels  4-39,  in  Cats  6-69,  in  the  HedgehoJ 
7'61,  in  Eabbits  7 '79,  in  the  Dog  16'7,  in  the  Cock  5-17,  in  the  Duel 
10*64,  and  in  the  Goose  10-86.    He  estimates  the  period  in  Man  at  23  i 
seconds  (during  which  there  are  28  beats  of  the  heart),  of  which 
seconds  at  most  are  occupied  in  traversing  the  larger  arteries,  2£  to 
seconds  in  passing  through  the  smaller  arteries,  3  seconds  for  the  capif 
laries,  and  4  or  5  seconds  for  the  venous  system,  which  numbers  mul 
be  multiplied  by  2  for  the  two  circulations.    Moreover,  the  coincident 
between  the  cessation  of  the  heart's  action,  and  the  diffusion  of  the  saj; 
through  the  arterial  blood,  bears  a  striking  correspondence  ;  and  itmtf 
be  hence  inferred  that  the  arrestment  of  its  muscular  movement  is  dit 

Med.,"  3  "R.  Bd.  vi.  p.  5C6),  Bidder  (  Keichert's  "Archiv,"  1865,  No.  3.  p.  337),  col 
tend  that  this  agent  does  not  paralyse  the  vagi,  no  loss  of  regulatory  or  inhibitol 
power  being  observable  between  poisoned  and  healthy  animals.  Bidder  arrived  at  tit 
same  conclusions  in  reference  to  the  splanchnic  nerves,  and  their  influence  upon  tj 
intestines.  He  noticed  also,  in  opposition  to  Kblliker,  that  in  poisoning  by  woora 
great  dilatation  of  the  pupil,  indicating  the  persistence  of  the  agency  of  the  syj 

?athetic  occurred,  and  he  perceived  no  indications  of  paralysis  of  the  vaso-motor  nervl 
'his  contradictory  testimony  is  probably  referrible  to  differences  in  the  composition  | 
the  poison  and  in  the  quantity  administered. 

*  Kirkes  and  Paget's  "  Handbook  of  Physiology,"  2nd  edit.,  p.  80. 
t  Tiedcmann's  "  Zeitschrift,"  vol.  iii.  p.  85. 

t  "  Annal.  des  Sciences  Nat.,"  1843,  Zool.  t.  xix.  p.  32.  I 
§  "  Edin.  Mod.  and  Surg.  Jonrn.,"  Oct.  1841.     ||  "Phys.d.  Mensch.,"  1861, P- 11! 


ACTION  OF  THE  HEAKT. 


275 


to  the  effect  of  this  agent  upon  its  tissue,  when  immediately  operating 
upon  it,  through  the  capillaries  of  the  coronary  artery. — This  conclu- 
sion is  borne-out  by  a  variety  of  other  experiments  ;  which  show  that 
the  time  of  the  agency  of  other  poisons  that  suddenly  check  the  heart's 
action  (which  is  the  special  property  of  mineral  poisons),  nearly  coin- 
cides, in  different  animals,  with  that  which  is  required  to  convey  them 
into  the  arterial  capillaries.    And  it  seems,  to  derive  full  confirmation 
from  the  fact,  that  poisons  which  act  locally  on  other  parts,  give  the 
first  indications  of  their  operation  in  the  same  period  after  they  have 
been  introduced  into  the  venous  circulation.    Thus,  in  the  Horse,  the 
time  that  is  required  for  the  blood  to  pass  from  the  jugular  vein  into  the 
capillary  terminations  of  the  coronary  arteries,  is  16  seconds,  as  is  shown 
by  the  power  of  nitrate  of  potass  to  arrest  the  heart's  action  within  that 
time;  and  nitrate  of  strychnia,  injected  into  a  vein,  gave  the  first  mani- 
festation of  its  action  on  the  Spinal  Cord  in  precisely  the  same  number 
of  seconds.    In  the  Dog,  the  heart's  action  was  arrested  by  the  nitrate 
of  potass  in  11  or  12  seconds;  and  the  tetanic  convulsions  occasioned 
by  strychnia  also  commenced  in  12  seconds.    In  the  Fowl,  the  former 
period  was  6  seconds,  and  the  latter  6^ ;  in  the  Kabbit,  the  first  was  4, 
and  the  other  4|  seconds. — From  such  experiments,  it  seems  evident 
that  the  rapidity  of  the  circulation  is  underrated,  in  any  estimate  that 
we  found  upon  the  capacity  of  the  Heart,  and  its  number  of  pulsations  in 
a  given  time  ;  and  it  is  difficult  to  see  how  the  two  sets  of  facts  are  to 
be  reconciled.    According  to  Hering,  the  rapidity  of  the  circulation 
liminishes  with  age ;  and  Vierordt  has  shown  that  with  increased  fre- 
quency of  the  heart's  action,  there  is  in  general  an  increased  rapidity  of 
he  circulation,  at  least  in  the  higher  Vertebrata.    Still  it  by  no  means 
bllows  that  an  increase  in  the  frequency  of  the  heart's  action  in  a  par- 
icular  animal  should  be  always  accompanied  by  an  increased  rapidity  in 
he  current  of  the  circulation ;  in  point  of  fact,  the  experiments  of 
Iering*  show  that,  in  the  Dog  and  Horse,  when  inflammatory  or  febrile 
onditions,  such  as  Pericarditis,  are  set  up,  a  much  longer  period  is 
1,'ccupied  in  the  passage  of  the  blood  than  before. 

245.  The  number  of  contractions  of  the  Heart  in  a  given  time  is 
uible  to  great  variation,  within  the  limits  of  ordinary  health,  from 
veral  causes;  the  chief  of  these  are  diversities  of  Age,  of  Sex,  of 
tature,  of  Muscular  exertion,  of  the  condition  of  the  Mind,  of  the 
tate  of  the  Digestive  system,  and  of  the  Period  of  the  day. 
o.  Putting  aside  the  other  causes  of  uncertainty,  the  following  table 
|  lay  De  regarded  as  an  approximation  to  the  average  frequency  of  the 
•  'ulse,  at  the  several  Ages  specified  in  it,  taking  equal  numbers  of  Males 
I  id  Females. 


i  the  foetus  in  utero 
owly-born  infant  . 
uring  the  1st  year 
wring  the  2nd  year 
"ring  the  3rd  year 


BEATS  PER  MINUTE. 
.      .  140—150 

.  .  130—140 

.  .  115—130 

.  .  100—115 

.  .  95—105 


BEATS  PER  MINPTP.. 


From  the  7th  to  the  14th  year  .  80—90 

From  the  14th  to  the  21st  year .  75 — 85 

From  the  21st  to  the  60th  year .  70—75 

Old  agef   75—80 


133. 


I  l£Tci}[v  ?•  Phv9-  Heilk.,"  1853,  t.  xii.  p.  . 

T  1  he  rise  in  the  average  frequency  of  the  pulse  in  very  advanced  life,  contrary  to 
e  prevalent  notion,  has  been  determined  by  the  observations  of  Leuret  and  Mitivie 
•i,  t  fr^uence  des  Pouls  chezles  Alices"),  Dr.  Pennock  ("Amor.  Journ.  of  Med. 
l'i  July,  1847),  and  Prof.  Volkmann  (Op.  cit.,  p.  427). 
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b.  The  difference  caused  by  Sex  appears  from  the  inquiries  of  Dr. 
Guy,*  to  be  such,  that  the  pulse  of  the  adult  Female  is  more  frequent 
than  the  pulse  of  the  adult  Male,  at  the  same  mean  age,  by  from  10  tc 
14  beats  in  a  minute. 

c.  The  influence  of  Stature  is  affirmed  by  Volkmann  to  be  tolerably 
well  defined.  The  pulse  being  cceteris  paribus  less  frequent  as  th( 
stature  is  greater  ;  so  that  if  the  pulse  of  a  man  of  5^  feet  high  were 
70  per  minute,  that  of  a  man  of  6  feet  would  be  6G'7,  and  that  of  a  mat 
of  5  feet,  73-8. 

d.  The  effect  of  Muscular  Exertion  in  raising  the  pulse  is  wel  | 
known ;  as  is  also  the  fact,  which  is  one  exemplification  of  it,  that  th 
pulse  varies  considerably  with  the  posture  of  the  body.    The  amoun 
of  this  variation  has  been  made  the  subject  of  extensive  inquiry  by  Di 
G-uy;  and  the  following  are  his  results.    In  100  healthy  Males,  of  th 
mean  age  of  27  years,  in  a  state  of  rest,  the  difference  between  stand 
ing  and  sitting  was  10  beats,  or  about  l-8th  of  the  whole  number  ( ' 
beats  per  minute ;  the  difference  between  sitting  and  lying  was  5  beats 
or  1-1 3th  of  the  whole  ;  and  the  difference  between  standing  and  lyinl 
was  15  beats,  or  l-5th  of  the  whole.    In  50  healthy  Females  of  tm. 
same  mean  age,  the  difference  between  standing  and  sitting  was  7  beat* 
or  l-13th  of  the  whole ;  that  between  sitting  and  lying  was  4,  or  l-24f» 
of  the  whole ;  and  that  between  standing  and  lying  was  1 1,  or  1-8* 
of  the  whole.    Dr.  Ed.  Smith  has  made  similar  and  very  extended  otj- 
servations  on  Adults  in  Phthisis  and  on  Children  in  health ;  and  con- 
joined with  them  the  influence  of  period  of  the  day.    He  found  fc 
Phthisis,  at  8  a.m.,  the  increase,  on  assuming  the  sitting  and  standi* 
postures,  was  in  each  case  10  pulsations  per  minute,  but  at  4  p.m.1 
Avas  reduced  to  7,  and  on  the  whole  average  there  was  an  increase  | 
8|  pulsations  in  each  posture.     In  healthy  Children,  at  8  a.m.,  j." 
(noon),  5  p.m.,  and  8  p.m.,  the   increase  in  the  sitting  posture  xk- 
12  :  9  :  7*3  :  3*5  pulsations,  whilst  in  the  standing  posture  it  was  '2 
14-6  :  12  :  10  pulsations  per  minute :  results  which  seemed  to  show  tlji 
the  irritability  of  the  heart,  augmented  by  the  rest  and  quiescence  I 
sleep,  undergoes  a  gradual  diminution  through  the  day.    In  both  sexjs 
the  effect  produced  by  change  of  posture  increases  with  the  usual  ft 
quency  of  the  pulse,  whilst  the  exceptions  to  the  general  rule  are  ni<t 
numerous,  as  the  pulse  is  less  frequent.    The  variation  is  temporal  |l 
increased  by  the  muscular  effort,  involved  in  the  absolute  change  of 
posture ;  and  it  is  only  by  the  use  of  a  revolving  board,  by  which 
position  of  the  body  can  be  altered,  without  any  exertion  on  the  par* 
the  subject  of  the  observation,  that  correct  results  can  be  obtain 
That  the  difference  between  standing  and  sitting  should  be  greff 
than  that  between  sitting  and  lying,  is  just  what  we  should  exp 
when  we  compare  the  amount  of  muscular  effort  required  in  the  ms 
tenance  of  the  two  former  positions  respectively.    It  is  stated  by  Li 
tenfels  and  Frohlich  that  the  alternate  contraction  and  relaxation  of 

set  of  muscles  has  a  much  greater  effect  than  their  simple  tonic  c 
traction  in  increasing  the  action  of  the  heart  f 

*  "  Guy's  Hospital  Reports,"  vol.  iii.  p.  312  ;  and  "  Cyclop,  of  Anat.  andPhysi  I 
vol.  iv.,  Art.  'Pulse.' 

T  "Denk.  d.  kais.  Akad.  d.  Wissens.  zu  Wien,"  1852,  t.  iii.  pt.  ii.  p- 
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e.  The  pulse  is  well  known  to  be  much  accelerated  by  Mental  Excite- 
ment, especially  by  that  of  the  Emotions ;  it  is  also  quicker  during 
!)i<jcstion.    The  ingestion  of  warm  food  produces  this  effect  much  more 
luickly  than  cold  ;  and  according  to  Budge,*  whilst  animal  food  raises 
he  frequency  of  the  pulse  more  quickly  than  vegetable,  the  effect  of 
he  latter  is  much  greater  and  more  permanent.     Lichtenfels  and 
[?rohlich  found  that,  an  hour  and  a  half  after  breakfast,  the  pulse  was 
13  beats  per  minute  quicker  than  before,  whilst  there  was  only  an  in- 
arease  of  9  beats  an  hour  after  dinner.    The  pulse  was  less  frequent  in 
vegetarians,  however,  than  in  those  who  fed  on  animal  diet,  and  was 
>robably  less  energetic.    The  ingestion  of  large  quantities  of  water 
liminished  the  frequency  of  the  pulse  (Bocker).    Dr.  Ed.  Smith  ascer- 
aiaed  the  rate  at  each  hour  of  the  24  hours  for  3  days  successively  in 
lealth,  and  for  six  days  in  Phthisis.    He  found  that  it  was  uever  sta- 
ionary,  but  that  there  was  a  progressive  increase  after  a  meal  and  de- 
cease before  a  meal,  so  that  there  were  four  maxima  and  four  minima 
iaily.    The  maxima  occurred  about  two  hours  after  a  meal,  and  were 
he  greatest  after  breakfast  and  after  tea.     The  day  minima  immedi- 
tely  preceded  the  meals,  and  all  were  nearly  equal.    The  pulse  invari- 
bly  fell  after  9  p.m.,  so  that  supper  produced  but  little  effect;  and  the 
owest  point  of  the  24  hours  was  from  3  to  5  a.m.    There  Avas  an  in- 
rease  in  the  morning  with  sunlight.     The  difference  between  the 
aaximum  of  the  day  and  the  minimum  of  the  night  amounted  in  health 
j  from  14  to  34  pulsations,  and  in  Phthisis  to  from  22  to  45  pulsa- 
ions.    The  increase  from  that  of  the  night  to  the  breakfast  maximum 
i  fas,  on  the  average,  27  pulsations  in  phthisis.    There  was  a  consider - 
ble  increase  in  children  whilst  eating.    During  a  fast  of  24  hours  the 
l.ariation  in  the  rate  was  small,  but  there  was  an  increase  during  the 
I  sual  meal  hours  and  an  increase  at  night. 

I  /.  The  pulse  varies  also  with  the  Season,  and  Dr.  Ed.  Smith  has 
■hown  by  daily  experiments  throughout  the  year,  that  the  rate  of  pul- 
sion is  greater  in  the  Spring  and  Summer  than  in  the  Winter,  both  in 
ealth  and  Phthisis.    In  experiments  made  upon  Frogs,  Budge  j  and 
i  alhburces  found  that  immersion  of  the  excised  Heart  or  of  the  hind 
I  'gs  in  warm  water  increased  the  frequency  of  the  pulse  ;  the  same  re- 
J  ult  was  obtained  after  section  of  the  Crural  Nerves,  or  after  poison- 

)g  by  Woorara,  showing  that  it  was  not  effected  through  the  nervous 
I  ystem. 

0-  Variations  in  the  pressure  of  the  surrounding  atmosphere  exert 
j  certain,  but  not  very  well  ascertained  influence  on  the  frequency  of  the 
J  iilse.    Alpine  travellers  are  well  acquainted  with  the  increased  ra- 

>'  'ty  ot  the  pulse  which  occurs  on  attaining  great  heights:  but  this  is 
1  ro  Jably  m  great  measure  attributable  to  the  great  muscular  exertion 

oviously  made.  Salvatore  Tommasi,  however,  observed  an  increase 
I  j  .  ™  ™e  number  of  his  pulsations,  after  a  good  night's  rest  in  the 
1  1)1     ^usa,  at  an  elevation  of  between  seven  and  eight  thousand  feet.J 

_  some  experiments  performed  by  Vivenot§  on  the  effects  of  com- 
|    ssea  air,  in  which  the  barometer  rose  from  742  mm.  to  1060  mm., 

§  ViwttK  r  6,V  P"  2-75'  +  Ibid'-  P'  272'  *  "iHsiologia."  J861,  p.  244. 
i  1  'this  subject  '   xxxiv.  p.  515.  See  also  the  Essays  of  Bucquoy  and  Pravaz. 
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the  pulse  was  observed  to  rise  3'45  beats  on  an  average  of  79.  After 
exposure  for  an  hour  and  a  half  to  the  maximum  of  pressure  it  rose 
to  6*33  beats,  and  to  7*31  beats  on  return  to  the  ordinary  pressure. 
In  other  experiments  on  the  influence  of  rarefied  air,  the  barometer 
falling  from  758  to  500  mm.,  there  were  observed  an  increase  in  the 
amplitude  of  the  radial  tracings,  as  shown  by  the  sphygmograph,  in- 
dicative of  diminution  of  vascular  tension  ;  increased  feeling  of  warmth 
in  the  skin,  especially  of  the  face  ;  congestion  of  the  conjunctiva;  un- 
easiness in  the  head,  difficulty  of  thinking,  and  neuralgic  pains  in  the 
forehead,  neck,  and  teeth  ;  all  which  symptoms  appeared  to  arise  from 
derivation  of  the  blood  to  the  cutaneous  capillaries.  On  gradual  re- 
admission  of  the  air  they  soon  vanished. 

3.  Movement  of  the  Blood  in  the  Arteries. 

246.  The  Blood  propelled  from  the  Heart  is  distributed  to  the  body 
in  general  by  a  system  of  Arteries,  which  may  be  likened  in  its  arrange- 
ment to  the  trunk  and  branches  of  a  tree,  except  that  very  frequent 
communications  or  anastomoses  exist  among  these  branches,  so  that,  by 
continual  subdivision  and  inosculation,  their  distribution  comes  more 
and  more  to  resemble  the  capillary  network  in  which  they  terminate 

Fig.  93^ 


a 


Web  of  Frog 't  foot,  stretching  between  two  toes,  mapnified  3  diameters  :  showing  the  blood- 
vessels, and  their  anastomoses  : — a,  a,  veins  ;  b,  b,  b,  arteries. 

(Fig.  94).  Although  the  diameters  of  the  branches,  at  each  subdivision 
together  exceed  that  of  the  trunk,  yet  there  is  but  little  difference  »| 
their  respective  areas.  What  difference  does  exist,  however,  is  usuallj 
in  favour  of  the  branches ;  and  thus  it  happens  that  there  is  a  gradual 
increase  in  the  capacity  of  the  arterial  system  from  its  centre  toward 
the  capillaries,  whose  capacity  is  many  times  greater. — The  Artericj 
exert  a  most  important  influence  upon  the  movement  of  blood  through 
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them,  in  virtue  of  the  physical  and  vital  properties  of  their  walls,  or 
rather  of  their  middle  or  fibrous  coat,  which  alone  is  possessed  of  con- 
tractile properties.  We  find  in  this  coat  a  layer  of  yellow  Elastic 
tissue,  which  is  much  thicker  in  the  larger  arteries,  in  proportion  to 
their  size,  than  in  the  smaller.  On  the  inside  of  this  is  a  layer  of 
annular  fibres,  composed  of  Muscular  fibre-cells,  mingled  with  areolar 
tissue;*  the  muscular  element,  however,  is  much  more  abundant  in  the 
smaller  arteries,  than  in  the  larger.  To  the  former  tissue  is  due  the 
simple  elasticity  of  the  arterial  walls,  which  is  a  physical  property  that 
persists  after  death,  until  a  serious  change  takes  place  in  their  compo- 
sition; whilst  to  the  latter  we  are  to  attribute  the  property  which  they 
unquestionably  possess  (in  common  with  proper  muscular  tissue),  of 
contracting  on  the  application  of  a  stimulus,  so  long  as  their  vitality  re- 
mains. These  two  endowments  are  possessed  in  various  degrees,  pro- 
portional to  the  respective  predominance  of  the  elastic  or  of  the  mus- 
cular tissue,  by  the  different  parts  of  the  Arterial  system.  Thus,  as 
was  justly  remarked  by  Hunter,  the  elasticity,  being  the  property  by 
which  the  interrupted  force  of  the  Heart  is  made  equable  and  con- 
tinuous, is  most  seen  in  the  large  vessels  more  immediately  connected 
with  that  organ ;  whilst  on  the  other  hand,  the  contractility  is  most 
observable  in  the  smaller  vessels,  where  it  is  more  required  for  regu- 
lating the  flow  of  blood  towards  particular  organs. 

247.  The  Arteries  possess  a  distinct  power  of  contraction,  which  may 
be  called  into  play  either  by  the  direct  application  of  a  stimulus  to  their 
walls,  or  by  irritation  of  the  Vaso-motor  nerves  supplying  them.  This 
contractile  power  is  derived  from  the  middle  or  muscular  coat ;  and  it 
is  of  course  in  the  smaller  arteries  that  the  evidence  of  its  presence 
should  be  sought ;  and  this  may  be  readily  obtained  by  observing  the 
effects  of  various  stimuli,  mechanical,  chemical,  or  electrical,  upon  the 
vessels  of  a  transparent  membrane,  such  as  the  bat's  wing  or  the  frog's 
loot.  Thus  if,  whilst  we  watch  the  movement  of  blood  in  a  companion 
artery  and  vein,  we  draw  the  point  of  a  fine  needle  across  them  three 
or  four  times,  without  apparently  injuring  them  or  the  membrane  over 
them,  they  will  both  presently  contract  and  close  ;  then,  after  remaining 
lor  a  few  minutes  in  the  contracted  state,  they  will  begin  again  to  dilate, 
and  will  gradually  increase  in  diameter  until  they  acquire  a  larger  size 
than  before  the  stimulus  was  applied.  When  in  this  condition,  they 
will  not  again  contract  on  the  same  stimulus  as  before  ;  the  needle  may 
now  be  drawn  across  them  much  oftener  and  more  forcibly,  but  no  con- 
traction ensues,  or  only  a  trivial  one  which  is  quickly  followed  by  dila- 
tation ;  with  a  stronger  stimulus,  however,  such  as  that  of  great  heat, 
they  will  again  contract  and  close,  and  such  contraction  may  last  more 
than  a  day,  before  the  vessels  again  open  and  permit  the  flow  of  blood 
through  them.f — The  comparative  effects  of  chemical  and  other  stimuli 

vo*       P29i  K"lliker'8  "  Manual  °f  Human  Histology"  (Sydenham  Society's  edit.), 

A+.fSee  Mr-  Paget'8  "Lectures  on  Surgical  Pathology/' vol.  i.  pp.  302,  303.— 
sin  11  "r  .p3,tj"8tly  remarks,  it  is  from  the  mechanical  stimulus  of  the  knife,  that 
cont  J  ,  veR8,jls  contract  and  close,  so  as  speedily  to  cease  bleeding  ;  but  this 
tion  ™f  Vi0"  8  °nly  for  a  timc  '  aml  haemorrhage  would  commence  on  their  dilata- 
on,  ii  tbeir  mouths  were  not  sealod  by  coagula  of  blood  or  lymph.    When  secondary 
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have  been  especially  studied  by  Mr.  Wharton  Jones,*  by  whom  they 
are  thus  classified.  (1.)  Constriction  may  slowly  take  place,  and  be 
slowly  succeeded  by  the  normal  width ;  this  is  the  action  of  the  sul- 
phate of  atropia,  (2.)  Constriction  may  quickly  take  place,  and  be 
soon  succeeded  by  the  normal  width,  or  a  width  not  much  exceeding 
the  normal ;  this  is  the  result  of  the  moderate  application  of  cold,  and  of 
mechanical  and  galvanic  irritation.  (3).  Constriction  either  does  not 
take  place  at  all,  or  when  it  does,  it  very  rapidly  gives  place  to  great 
dilatation  ;  this  is  the  effect  of  a  weak  solution  of  sulphate  of  copper,  of 
a  strong  solution  of  common  salt,  of  wine,  of  opium,  and  of  spirit  of 
wine.  (4.)  Dilatation,  preceded  or  not  by  momentary  constriction, 
may  slowly  yield  to  constriction,  which  remains  permanent ;  this  is  the 
effect  of  sulphate  of  copper,  applied  in  strong  solution,  or  in  substance. — 
The  electric  stimulus  is  most  effectual  when  applied  by  the  magneto- 
galvanic  apparatus ;  and  the  effects  of  such  application  have  been  in- 
vestigated by  the  Professors  Weber.-}"  When  the  minute  arteries  of  the 
mesentery  of  frogs,  between  l-7th  and  l-17th  of  a  Paris  line  in 
diameter,  were  thus  stimulated,  they  did  not  immediately  respond  to  the 
irritation,  but  began  to  contract  after  a  few  seconds,  so  that  their 
diameter,  in  from  five  to  ten  seconds,  was  diminished  by  a  third,  and 
their  sectional  area  consequently  reduced  to  about  half ;  by  a  continued 
application  of  the  stimulus,  their  calibre  was  so  much  reduced,  that  only 
a  single  row  of  corpuscles  could  pass ;  and  at  last  the  vessels  became 
completely  closed,  and  the  current  of  blood  arrested,  the  original  con- 
ditions being  gradually  restored  on  the  cessation  of  the  electric  current. — 
Further,  it  has  been  ascertained  by  the  careful  experiments  of  Poiseuille 
(which  confirm  those  of  John  Hunter),  that  when  an  artery  is  dilated 
by  fluid  injected  into  it,  it  reacts  with  a  force  superior  to  the  distending 
impulse  ;  and  he  has  also  shown  that,  if  a  portion  of  an  artery  from  an 
animal  recently  dead  (in  which  the  vital  contractility  seems  to  be  pre- 
served), and  one  from  an  animal  that  has  been  dead  some  days  (in 
which  nothing  but  the  elasticity  remains),  be  distended  with  an  equal 
force,  the  former  becomes  much  more  contracted  than  the  latter,  after 
the  distending  force  is  removed. 

248.  Although  the  walls  of  the  Arteries  cannot  be  readily  stimulated 
to  contraction  through  the  medium  of  their  nerves,  yet  the  influence  of 
the  Nervous  system  upon  the  calibre  of  the  vessels,  which  might  be 
inferred  to  exist  from  the  act  of  blushing  and  other  analogous  phe- 
nomena, is  capable  of  experimental  demonstration.  Thus  evidence  has 
been  afforded  by  the  experiments  of  Dr.  Aug.  Waller,  that  whilst 
section  or  ligature  of  the  Sympathetic  trunk  on  either  side  of  the  neck 
produces  an  enlargement  of  the  minute  arteries  on  that  side  of  the  face 
(as  is  best  seen  in  the  lining  of  the  external  ear  of  the  cat  or  rabbit), 
accompanied  with  an  elevation  of  temperature,  the  application  of  gal- 
vanism to  the  nerve  for  a  minute  or  less,  causes  them  to  contract  to 
their  ordinary  calibre.J    The  branches  of  nerves  which  are  thus  dis- 

hsemorrhage  does  occur  from  want  of  such  coagulation,  it  is  most  effectually  controlled 
by  the  application  of  such  stimuli  as,  like  the  actual  cautery,  induce  a  more  prolonged 
contraction  of  the  vessels. 

*  '  Prize  Essay  on  Inflammation,'  in  "  Guy's  Hospital  Reports  "  for  1850,  pp.  8,  9. 

f  Miillcr's  "Archiv,"  1847. 

J  See  "Comptes  Rendus,"  1853,  torn,  xxxvi.  p.  378.— Of  this  remarkable  cxperi- 
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tributcd  upon  the  vessels  are  termed  Vasomotor  nerves,  the  central 
organ  of  which  appears  from  the  experiments  of  Ludwig  and  Thiry 
to  be  situated  in  the  medulla  oblongata,  from  whence  nerve  fibres  take 
origin,  which  pass  by  the  anterior  roots  of  the  spinal  cord  into  the 
cervical  portion  of  the  sympathetic,  and  into  the  splanchnic  nerves.  Irri- 
tation of  this  centre  or  of  these  fibres,  occasions  contraction  of  the  vessels. 
The  Vaso-motor  nerves  are  capable  of  being  called  into  action  by 
direct  mechanical  irritation*  and  also  by  reflex  action.    Callenfels,|  for 
instance,  has  noticed  contractions  of  vessels  of  one  ear  of  a  rabbit  occur 
when  the  opposite  ear  was  pinched ;  and  Brown-SequardJ  observed 
that  on  immersion  of  one  hand  in  cold  water,  the  temperature  of  the 
other  uniformly  fell,  in  one  instance  as  much  as  21°  F.  :  a  result  which 
may  perhaj)s  serve  to  explain  the  effects  of  the  application  of  cold  in 
controlling  haemorrhage  when  applied  to  some  distant  part  of  the  body. 
The  smaller  arteries  can  be  caused  to  dilate  by  section  of  the  vaso-motor 
nerves,  or  reflectorially  by  irritation  of  the  small  depressor  nerve  dis- 
jovered  by  Ludwig  and  Cyon  (§  242),  or  by  irritation  of  the  sensory 
nerves  of  a  part.§    Whether  proper  nerves  exist,  the  function  of  which 
s  to  effect  direct  dilatation  of  the  vessels,  is  still  doubtful ;  but  Loven 
has  observed  that  on  irritating  the  nervi  erigentes  the  vessels  of  the  penis 
n large,  and  irritation  of  the  chorda  tympani  produces  the  same  effect  in 
he  submaxillary  gland  (§  98.)    The  permanent  enlargement,  however, 
vliich  is  seen  in  the  arteries  supplying  parts  that  are  in  a  state  of  active 
ncrease,  must  be  due,  not  to  simple  dilatation  merely,  but  to  augmented 
mtrition ;  since  we  find  that  their  walls  are  thickened  as  well  as  ex- 
ended.    And,  on  the  other  side,  when  slow  contraction  occurs  in  these 
t  ubes  as  a  consequence  of  disease,  it  must  be  in  part  occasioned  by 
trophy;  since  their  nutrition  is  so  much  diminished,  that  in  time  they 
Imost  entirely  disappear, — a  portion  of  a  large  artery  shrivelling  into  a 
jr  gamentous  band. 

249.  Several  experiments  also  indicate  the  existence  of  that  power  of 
low  contraction  in  the  arteries,  which  has  been  distinguished  by  the 
ppellation  Tonicity.    Thus,  when  a  ligature  is  placed  upon  an  artery  in 
living  animal,  the  part  of  the  artery  beyond  the  ligature  becomes 
radually  smaller,  and  is  emptied  to  a  certain  degree,  if  not  completely, 
f  the  blood  it  contained.    Again,  when  part  of  an  artery  in  a  living 
mmal  is  isolated  by  means  of  two  ligatures,  and  is  punctured,  the  blood 
ssues  from  the  orifice,  and  the  inclosed  portion  of  the  artery  is  almost 
lompletely  emptied  of  its  contents.  Further,  every  Surgeon  knows,  that 
I  ie  contraction  of  divided  arteries  is  an  efficient  means  of  the  arrest  of 
I  fcmorrhage  from  them,  especially  when  they  are  of  small  calibre  ;  so 
I  iat,  m  the  case  of  the  temporal  artery  for  example,  the  complete  divi- 
I  on  of  the  tube  is  often  the  readiest  means  of  checking  the  flow  of  blood 
1  om  it,  when  it  has  been  once  wounded.    This  contraction  is  much 
I. eater  than  could  be  accounted-for  by  the  simple  elasticity  of  the  tissue ; 
I  id  is  more  decided  in  small  than  in  large  vessels.   The  empty  condition 

1  cut  which  first  demonstrated  the  influence  of  the  Sympathetic  Nerve  upon  the 
I  lialler  arteries,  the  Author,  by  the  kindness  of  Dr.  Waller,  has  himself  been  a  witness. 

*  See  Marey,  "  Annal.  des  Sci.  Nat.,"  1858,  t.  ix.  p.  68. 

T  "Zeits.  f.  Rat.  Med.,"  1855,  Bd.  vii.  p.  191. 

+  '  Journ.  de  la  Physiol.,"  1858,  p.  504. 

§  Loven,  "  Arbeiten  aus  der  Physiolog.  Anstatt  zu  Leipzig,"  1867,  p.  1. 
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of  the  arteries,  generally  found  within  a  short  time  after  death,  seems  to 
be  in  part  due  to  the  same  cause ;  since  their  calibre  is  usually  much 
diminished,  and  is  sometimes  completely  obliterated.    A  remarkable 
example  of  the  same  slow  contraction,  is  that  which  takes  place  in  the  I 
end  of  the  upper  portion  of  an  arterial  trunk,  when  the  passage  of  blood 
through  it  is  interrupted  by  a  ligature ;  for  the  current  of  blood  then 
passes-ofl:  by  the  nearest  large  lateral  branch  ;  and  the  tube  of  the  artery 
shrivels,  and  soon  becomes  impervious,  from  the  point  at  which  the 
ligature  is  applied,  back  to  the  origin  of  that  branch.    This  last  fact  is  I 
important,  as  proving  how  little  influence  the  vis  a  tergo  possesses  overl 
the  calibre  of  arterial  tubes  ;  since,  without  any  interruption  to  the  pres-l 
sure  of  blood  occasioned  by  it,  the  tube  becomes  impervious.  It  is  to  thel 
moderate  action  of  the  tonicity  of  arteries,  that  their  contraction  upon  thel 
stream  of  blood  passing  through  them  (which  serves  to  keep  the  tubes! 
always  full)  is  due.    If  the  tonicity  be  excessive,  the  pulse  is  hard  and! 
wiry  ;  but  if  it  be  deficient,  the  pulse  is  very  compressible,  though  bound-l 
ing,  and  the  flow  of  blood  through  the  arteries  is  retarded.   Dr.  C.  J.  B.I 
Williams  has  performed  some  ingenious  experiments  (§  273),  which  prove}1 
that  the  force  required  to  propel  fluid  through  a  tube  whose  sides  arel 
yielding,  is  very  much  greater  than  that  which  will  carry  it  through  a] 
tube  of  even  smaller  size  with  rigid  parietes;  consequently  a  loss  ofl 
tonicity  in  the  blood-vessels  retards  the  flow  of  blood  through  them;l 
whilst  an  increase  hastens  it. — There  is  much  less  difference  between  thel 
Irritability  and  the  Tonicity  of  arteries,  than  between  the  like  properties! 
in  ordinary  muscle ;  since  the  former  is  so  long  in  manifesting  itself^ 
that  it  almost  approaches  to  the  character  of  the  latter.    But  in  thel 
Arteries,  as  in  other  muscles,  the  tonic  contraction  may  be  most  efficientl)! 
induced  by  cold.    Thus  Hunter  observed  that  the  exposure  of  an  arteru 
of  a  warm-blooded  animal  to  the  air  for  some  time,  would  occasion  iti 
gradual  contraction  to  such  an  extent  as  to  effect  the  obliteration  of  ita: 
canal.    This  statement  has  been  verified  by  many  subsequent  experi j  j 
menters ;  and  it  has  also  been  confirmed  by  the  observations  of  Schwamf  i 
upon  the  small  arteries  of  the  mesentery  of  frogs,  which  he  caused  td  . 
contract  slowly  by  the  application  of  cold  water,  and  then  saw  dilata  I 
again ;  as  much  as  half  an  hour  being  required,  however,  before  they 
recovered  their  original  size.    On  the  other  hand,  the  application  oj  3 
moderate  warmth  causes  a  relaxation  of  this  tonic  contraction. — -AxiclJ.1 
thus  Cold  and  Heat  are  two  of  our  most  valuable  remedial  agents,  wheij 
the  Tonicity  of  the  Vascular  system  is  deficient  or  in  excess. 

250.  We  have  now  to  inquire  more  closely  into  the  influence  exerted 
by  the  vital  and  physical  properties  of  the  walls  of  the  Arteries,  upon  thj 
motion  of  Blood  through  them.    There  is  no  sufficient  proof  that  thj  t 
vital  Contractility  of  these  vessels  enables  them  to  exert  a  propulsiiA  j 
action  in  any  degree  supplementary  to  that  of  the  Heart ;  and  yet,  lookj 
ing  to  the  general  facts  already  stated,  as  to  the  diffusion  of  the  propujl  \ 
sive  power  through  the  arterial  trunks  in  many  of  the  lower  animaj 
(§  230),  their  experimentally-proved  reaction  upon  a  distending  forcl 
(§  247),  and  to  the  circumstance  that  a  kind  of  rhythmical  action  hq  I 
been  observed  by  Wharton  Jones  in  the  vessels  of  the  Bat,  and  by  Schil 
in  those  of  the  ear  of  the  Rabbit,  it  does  not  seem  by  any  means  imprcl  ^ 
bable  that  some  such  power  should  be  preserved,  even  where  there  I 
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the  greatest  concentration  of  the  propulsive  force  in  the  muscular  Avails 
of  the  heart.  The  contractility  of  the  arteries  seems  to  be  chiefly  exer- 
cised, however,  in  regulating  the  diameter  of  the  tubes  in  accordance  with 
the  quantity  of  blood  to  be  conducted  through  them  to  any  part,  which 
will  depend  upon  its  peculiar  circumstances  at  the  time.  Such  local 
changes  are  continually  to  be  observed  in  the  various  phases  of  normal 
; lie  as  well  as  in  disease ;  and  they  will  be  found  to  be  constantly  in 
harmony  with  the  particular  condition  of  the  processes  of  nutrition, 
secretion,  &c,  to  which  the  capillary  circulation  ministers. 

251.  The  chief  purpose  served  by  the  Elasticity  of  the  Arteries,  is  one 
of  a  purely  physical  character :  its  effect  being  to  convert  the  intermitting 
impulses  which  the  blood  receives  from  the  heart,  into  a  continuous 
current.  The  former  are  very  evident  in  the  larger  trunks  ;  but  they 
diminish  with  the  subdivision  of  these,  until  they  entirely  disappear  in 

:  the  capillaries,  in  which  the  stream  is  usually  equable  or  nearly  so.  If 
a  powerful  force-pump  were  made  to  inject  water,  by  successive  strokes, 
into  a  system  of  tubes  with  unyielding  walls,  the  flow  of  fluid  at  the 
farther  extremities  of  these  tubes  would  be  as  much  interrupted  as  at  its 
entrance  into  them.  But  if  an  air-vessel  (like  that  of  a  fire-engine)  were 
placed  at  their  commencement,  the  flow  would  be  in  a  great  degree 
equalized ;  since  a  part  of  the  force  of  each  stroke  would  be  spent  upon 
the  compression  of  the  air  included  in  it ;  and  this  force  would  be  restored 
I  by  the  elasticity  of  the  air  during  the  interval,  which  would  propel  the 
-tream,  until  directly  renewed  by  the  next  impulse.  A  much  closer 
nutation  of  the  natural  apparatus  would  be  afforded  by  a  pipe  which 
bad  elastic  walls  of  its  own;  thus  if  water  were  forced  by  a  syringe  into 
i  long  tube  of  caoutchouc,  for  example,  the  stream  would  be  equalized 
)efore  it  had  proceeded  far.  This  effect  is  found  to  be  accomplished,  at 
my  point  of  the  Arterial  circulation,  in  a  degree  proportionate  to  its 
listance  from  the  Heart ;  and  in  this  mode  it  is,  that  the  intermitting 
orce  of  the  ventricular  contraction  is  almost  equally  distributed  over 
he  whole  of  the  interval  between  one  systole  and  another,  by  the  con- 
raction  of  the  elastic  tubes  in  the  dilatation  of  which  it  was  at  first 
xpended. — Another  effect  of  this  elasticity  is  to  distribute  the  pressure 
■f  the  blood  upon  the  walls  of  the  arteries,  much  more  equally  than 
vould  be  the  case  if  they  formed  a  system  of  rigid  tubes. 

252.  The  distension  of  the  Arteries  that  is  consequent  upon  the  inter- 
mittent injection  of  blood  into  their  trunks,  and  the  subsequent  contrac- 
tu which  results  from  the  elasticity  of  their  walls,  give  rise  to  the 
ulsation  which  is  perceptible  to  the  touch  in  all  but  the  smallest  arteries, 
nd  which  is  visible  to  the  eye  when  they  are  exposed.  This  pulsation 
ivolves  an  augmentation  of  the  capacity  of  that  portion  of  the  artery  in 
rtuch  it  is  observed  ;  and  it  would  seem  to  the  touch,  as  if  this  were 
hieny  effected  by  an  increase  of  diameter.  It  has  been  experimentally 
roved,  however,  that  the  increased  capacity  is  partly  given  by  the 
ongation  of  the  artery,*  which  is  lifted  from  its  bed  at  each  pulsation, 

*  The  experiments  of  Volkmann  ("  Hamodynamik  ")  have  led  him  to  believe  that 
ie  transverse  dilatation  is  greater  than  the  longitudinal ;  but  these  experiments 
'•re  made  under  conditions  so  different  from  those  of  the  living  artery,  that  but  little 
I  'gnt  can  in  the  Author's  opinion,  be  attached  to  them.    It  is  to  bo  remembered, 
'  ever,  that  every  increase  in  length  augments  the  capacity  in  only  a  simple  ratio ; 
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and,  when  previously  straight,  becomes  curved ;  the  impression  made 
upon  the  nnger.by  such  displacement,  not  being  distinguishable  from 
that  which  would  result  from  the  dilatation  of  the  tube  in  diameter.  A 
very  obvious  example  of  this  upheaval  is  seen  in  the  prominent  temporal 
artery  of  an  old  person.  The  total  increase  of  capacity  was  estimated  hy 
Flourens,  from  experiments  upon  the  carotid  artery,  at  about  l-23rd 
part;  but  it  is  affirmed  by  Volkmann*  that  this  must  not  be  considered 
by  any  means  a  constant  ratio,  since  it  varies  in  different  arteries,  and 
in  the  same  artery  under  different  circum stances. — The  fluctuations  pf 
the  Pulse  in  the  living  body  without  exposure  of  the  Artery  can  be 
rendered  apparent  by  the  use  of  an  instrument  invented  by  Vierordt, 
and  termed  by  him  the  Sphygmograph.    It  is  represented  in  Fig.  94, 

Fig.  94. 


The  Sphygiiiogruph  of  Vierordt. 

and  consists  of  a  light  lever  a  b,  capable  of  being  accurately  adjusted  bj 
sand  or  mercury  in  the  cups  p  p ;  from  the  lower  surface  of  the  lever : 
little  rod  descends,  terminating  in  a  button  jo,  which  is  allowed  to  restj 
with  gentle  pressure  on  the  artery  r.  Its  tracings  are  made  by  the 
style  o,  on  the  revolving  drum  s,  and  the  vertical ity  of  the  movement  i^ 
secured  by  the  parallelogram  n  n  m  m.  One  of  the  tracings  obtained  b}| 
this  instrument  is  shown  in  Fig.  95,  in  which  it  will- be  seen  that  theT 

Fig.  95. 


upstroke  indicating  the  momentary  increase  of  tension  in  the  vessel  conj 
sequent  upon  the  systole  of  the  heart,  is  of  equal  duration  with  the  downl 
stroke  representing  the  diastole.  According  to  M.  Marey,  the  vis  inertij 
of  this  instrument  is  too  great,  and  the  periods  of  systole  and  diastole  arj 

thus  a  tube  of  21  inches  in  length  will  only  contain  one-twentieth  more  than  a  *«l 
of  20  inches  long,  of  the  same  diameter.  On  the  other  hand,  every  increase  in  uiq 
meter  augments  the  capacity  of  the  tube  in  the  ratio  of  the  square  of  that  increase 
thus  the  capacity  of  a  tube  of  21  lines  in  diameter  will  be  to  that  of  a  tube  of  2 
lines,  as  441  :  400,  or  one-tenth  more.  Consequently,  supposing  the  increase  of  cajw 
city  to  take  place  equally  in  both  directions,  the  increase  in  longitudinal  dimensiif 
will  be  far  more  apparent  than  the  transverse  enlargement. 
*  Op.  cit.,  chap.  xiv. 
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not  accurately  indicated.  To  obviate  this  defect,  he  has  himself  con- 
structed an  instrument  in  which  the  lever  is  much  lighter.  Its  general 
arrangement  is  shown  in  Fig.  96,  where  the  part  b  b  is  applied  to  the 

Fig  96.  -afi«\ 


Marey's  Spbygmograph 


brearm,  Avhilst  the  pressure  on  the  artery  is  effected  by  a  very  light  steel 
spring,  terminating  in  a  small  plate  of  ivory  capable  of  elevation  or  de- 
gression by  the  screw  v.  The  long  arm  of  the  wooden  lever  l  termi- 
lates  in  a  fine  point  touching  the  plate  of  smoked  glass  P,  which  is  made 
o  move  gradually  forwards  by  clockwork  in  the  box  H.  The  immediate 
descent  of  the  lever  after  its  elevation  is  accomplished  by  the  very  delicate 
ipring  at  r.*  The  tracings  made  by  this  instrument  show  that  under 
.  ordinary  circumstances  the  period  of  ascent  or  of  increase  in  the  tension 
f  the  arterial  walls  is  rapid  ;  whilst  the  period  of  decrease,  during  which 
he  elasticity  of  the  larger  arteries  is  acting,  is  comparatively  slow  and 
prolonged.  It  is  perfectly  obvious  that  the  fulness  of  the  pulse,  or  in 
ther  words  the  amplitude  of  the  pulsation,  is  in  inverse  ratio  to 
he  tension  of  the  walls  of  the  vessel ;  whilst  the  hardness  of  the  pulse  is 
adicative  of  arterial  tension,  and  may  be  produced  either  by  the  heart 
cting  with  great  force  and  injecting  more  blood  than  the  arteries  can 
scharge  through  the  capillaries,  or  by  the  contraction  of  the  capillaries 
emselves  preventing  the  escape  of  the  blood  from  the  arteries  into  the 
eins.  M.  Marey  has  clearly  shown  how  these  two  conditions  of  the 
rterial  system  may  be  induced  by  acting  upon  the  capillaries  alone,  and 
ither  facilitating  the  passage  of  the  blood  through  them,  or,  on  the  con- 
rary,  rendering  it  more  difficult.    Thus  the  tracing  obtained  by  his 

Fm.  97. 


phygmograph,  after  exposure  to  a  cold  bath  of  one  minute's  duration,  is 
iown  m  Fig.  97.    It  is  that  of  a  hard  pulse,  in  which  there  is  consider- 

„j  nac^  "SilzungHborichtd  k.  Akad.  zu  Wien,"  1863,  p.  55,  Baker,  of  Holborn, 
n«i  ur.  Foster,  of  Birmingham,  "Journal  of  Anat.  and  Phys.,"  ser.  ii.  vol.  i.  p.  62, 
ve  recently  made  improvements  in  the  construction  of  the  spring  and  lever. 
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able  tension  of  the  arterial  walls  ;  for  the  contraction  of  the  cutaneous 
capillaries  constitutes  an  obstacle  to  the  passage  of  the  blood  from  the 
arteries.  The  line  of  ascent  is  accordingly  sudden  and  short,  the  limit  j 
of  the  elasticity  of  the  vessel  being  soon  reached,  and  the  summit  of  the 
curve  is  rounded ;  whilst  the  line  of  descent  is  protracted  and  gradual,  the 
resiliency  of  the  vessel  being  only  capable  of  reacting  slowly  on  the  con- 
tained blood,  and  there  is  no  tendency  to  dicrotism.  On  the  other 
hand,  Fig.  98  shows  the  effects  of  a  hot-air  bath,  and  presents  the  cha- 

Fio.  98. 


racters  of  a  soft  full  pulse ;  a  pulse  of  deficient  tension,  in  which  the 
greater  boldness  of  the  curves,  their  sharper  summits,  and  the  marked 
tendency  to  dicrotism,  may  particularly  be  noticed  ;  as  well  as  the  in- 
creased frequency  of  the  heart's  action,  corresponding  to  the  diminished 
exertion  which  it  has  to  make  in  propelling  the  column  of  blood  through  | 
the  same  vessels. 

253.  The  mode  in  which  the  pulse  is  propagated  through  the  arte- 
ries, is  made  manifest  by  the  following  ingenious  experiment  devised  byj 
M.  Marey.    A  small  caoutchouc  bag  (Fig.  99,  b)  is  fitted  with  valves! 

Fig.  99. 


which  permit  the  contained  fluid  to  move  only  in  one  direction,  anc 
is  connected  with  a  long  elastic  tube  forming  a  rude  resemblance  tc 
the  Heart  and  Arteries.  At  three  different  points  of  its  length  the 
tube  is  placed  under  the  control  of  a  Sphygmograph,  the  levers  ofj 
which,  I  V  I",  register  their  movements  on  the  drum  c  in  such  a  manner 
that  their  tracings  may  be  exactly  parallel  and  comparable  with  one 
another.  Fig.  100  shows  such  a  triple  tracing  after  the  india-rubber  baa 
has  been  for  a  few  times  rhythmically  compressed.  It  is  here  evident 
that,  as  indicated  by  the  oblique  dotted  line,  the  period  at  which  the 
maximum  of  tension  is  attained,  is  latest  in  that  portion  of  the  tubej 
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vliich  is  most  distant  from  the  impelling  organ,  and  a  certain,  though 
uinute  retardation  occurs  in  the  passage  of  the  wave  through  the 
olumn  of  liquid.    The  actual  amount  of  this  retardation  has  been 
arefully  investigated 
>y  Czermak,*  with 
ciie  aid  of  his  photo- 
phygmograph,  in 
,/hich   the  fluctua- 
oas  of  a  ray  of 
ight  reflected  from  a 
nail  mirror  placed 
ver  the  radial  ar- 
;ry,  are  registered 
a  n  screen  of  pre- 
ircd  photographic 
Dllodion.     The  mean  of  a  series  of  twenty  experiments,  showed 
mat  the  pulse  in  the  radial  artery  at  the  wrist  was  0-018  sec.  earlier 
.  uin  in  the  dorsal  artery  of  the  foot;  whilst  the  shock  of  the  heart 
3curred  0"159  of  a  sec.  earlier  than  the  pulsation  at  the  wrist, 
id  0*087  sec.  earlier  than  the  pulse  in  the  carotid.    E.  H.  Weber 
Estimated  the  rapidity  of  the  pulse  wave  at  about  28*5  feet  per 
icond,  which  is,  of  course,  to  be  carefully  distinguished  from  the 
I  slocity  of  the  blood  itself.  Again,  in  the  above  tracings  it  may  be  noticed 
iat  the  force  of  the  impulse,  or  the  extent  of  the  vertical  movement  of 
j  ie  lever,  diminishes  with  increase  of  distance  from  the  impelling  organ, 
<  roducing  the  effect  which  Poiseuille  described  as  ''extinction  of  the 
r  ave."  Thedicrotous  character  which  almost  every  tracing  of  the  pulse 
p  resents,  appears  to  be  attributable  to  the  vibrations  or  oscillations  which 
iturally  occur  in  all  fluids  to  which  an  intermittent  impulse  is  given, 
ri1  id  which  become  conspicuous  in  proportion  to  the  density  of  the 
j  lid.    The  wave  of  blood  propelled  into  the  aorta  by  the  contraction 
m  the  ventricle  passes  towards  the  periphery,  but  the  diminution  in  the 
j  ameter  of  the  arteries  acts  as  an  obstacle,  and  causes  a  return  wave 
I  •  reflex  towards  the  origin  of  the  aorta  :  its  passage  in  this  direction,  is, 
i  fcnvever,  stopped  by  the  sigmoid  valves,  from  whence,  therefore,  it  again 
bounds.  As  might  naturally  be  expected,  the  feebler  the  tension  of  the 
;  teries,  the  more  marked  is  the  dicrotism  of  the  pulse. 

2o4.  Since  the  blood,  like  other  fluids,  is  almost  completely  incom- 
I  essible,  all  force  applied  to  it  becomes  perceptible  by  movement,  or  if 
j  at  be  prevented,  by  lateral  pressure  exerted  against  the  sides  of  the 
,-l-ssels,  and  these  two,  the  velocity  of  movement  and  the  lateral  pressure, 
j  ,wever  much  each  may  vary  in  amount,  always  together  represent  the 
-I  ipelling  force.  The  circumstances  that  chiefly  affect  the  movement  or 
I  locity  of  the  blood,  independently  of  variations  in  the  amount  of  the 

I  opelling  force,  are  those  which  increase  or  diminish  the  friction  between 
and  the  vascular  walls.    Thus  it  will  be  retarded  by  diminution  of 

|  e  diameter  of  the  tubes,f  or,  as  was  observed  by  Hunter,  by  curves, 

II  M[ttlleilnngen  aus  dem  Privat-Laboratorium,  Heft  1,  1864,  p.  27. 

I  T  Thus  I'oiaeuillo  ("  Me"m.  de  l'Acad.  des  Sciences  Sav.  Strang.,"  t.  ix.  p.  513  et 
I  '■)  found  that  the  amount  of  fluid  discharged  by  small  tubes  increases,  cceteris  pari- 
1  ?,  in  proportion  to  the  diameters  of  those  tubes  raised  to  the  fourth  power  ;  so  that 
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angles,  or  divisions  in  their  course,*  or  by  their  rigidity,  f  or  by  iJj 
creased  viscidity  in  the  blood  itself ;  or  lastly,  by  augmentation  of  if 
attraction  for  the  tissues,  or  for  the  walls  of  the  vessels  through  whiJ 
it  is  coursing.  These  constitute  the  obstacles  or  resistance  to  the  passiut 
of  the  blood;  and  with  their  increase,  if  the  impelling  force  rem&l 
same,  whilst  the  velocity  of  its  movement  is  retarded,  the  amount  # 
lateral  pressure  exerted  is  increased.    The  effects  of  diminished  resistance 

in  diminishing  pressul 
Fig.  101.  may  be  understood  frol 

a  consideration  of  FI 
101.  For  here  the  heigl 
to  which  the  fluid  \vl 
rise  in  the  small  tulj: 
numbered  1 — 6,  is  ti 
expression  of  the  prJ 
sure  of  the  liquid  again, 
the  walls  of  the  tul)e  r  £ 
at  different  points.  If  til 
fluid    were  stationaw 
from  the  closure  of  tl> 

orifice  c,  it  would,  according  to  a  well-known  law,  rise  to  the  sa;t 
height  in  all ;  but  when  a  discharge  is  allowed  to  take  place  fronifc 
a  gradual  diminution  of  pressure,  indicated  by  the  diagonal  line  Rr 
may  be  observed  as  the  outlet  is  approached.    Now,  if  the  bore  t> 
the  tube  be  contracted  at  any  part,  as  at  o,  an  obstacle  to  the  d|  { 
charge  of  the  fluid  will  be  created,  through  the  increase  of  irictiot 
the  pressure  against  the  walls  of  the  preceding  portion  of  the  tub* J 
to  o  will  increase,  and  consequently  the  line  of  levels  will  rise  in  tlji 
part,  as  indicated  by  the  dotted  line  R  b  c.    If,  on  the  other  hail? 
the  outlet  be  enlarged,  the  fluid  will  be  discharged  more  easily,  aHj 
the  line  of  levels  will  fall  with  great  rapidity.    Upon  these  priucipr 
M.  MareyJ  has  constructed  an  apparatus  bearing  some  resemblance  j; 

a  tube  of  vJ^th  mm.  in  diameter  will  discharge  16  times  more  fluid  in  a  given  tif 
thau  one  of  g^Tth  mm.  in  diameter.  The  following  facts  are  worthy  of  recollection]- 
connection  with  the  physics  of  the  circulation  : — 

The  circumference  of  a  cylindrical  tube    =  the  radios  x  6  28. 

The  sectional  area  of  ditto  =  the  square  of  the  radius  x  3*14.  I 

The  amount  of  discharge  from  ditto         =  the  sectional  area  x  the  velocity! 

the  current. 

And  lastly,  the  velocity  of  the  current  =  the  discharge  bv  the  sectional  aij; 
(See  Yierordt,  "  Phys."  1861,  p.  88  )  | 

*  So  Budge  ("  Physiologic,*  1862,  p.  309)  found  that  a  simple  tube  (a)  wouldl 
bvermore  fluid  in  a  given  time  than  a  bifid  one  (6),  the  sectional  areas  of  whose  ad 
were  together  eqnal  to  a,  and  the  bifid  tube  more  than  a  trifid  one  (e)  in  the  prod 
tion  of  (a)  3860  :  (b)  3400  :  (c)  3100,  the  pressure  being  equal  in  all  three  cases.  1 

t  Thus  Marey  has  shown  that  whilst  elastic  and  rigid  tubes  of  equal  diameters  1 
discharge  an  equal  quantity  of  fluid  as  long  as  the  stream  is  continuous,  the  moral 
the  stream  becomes  intermittent  an  advantage  is  gained  by  the  elastic  tubes,  n(l 
rently  owing  to  the  diminution  of  friction  in  the  latter,  and  the  conversion  ot  I 
jetting  movement  of  the  fluid  into  a  more  continuous,  uniform,  and  steady  flow,  I  . 
herein  perhaps  we  may  perceive  an  explanation  of  the  hypertrophy  ot  the  "ea.r| 
frequently  observed  as  a  concomitant  of  a  rigid  aorta  in  old  asre.  See  "  •'\"na  "j 
Sci.  Nat  Zool,"  1857,  t.  viii.  p.  330  ;  and  Marey 's  "  These  lnaugnrale,"  1859. 

J  Brown-S&juard's  "  Journal  de  la  Physiol.,"  vol.  ii.  p.  436. 


MOVEMENT  OF  THE  BLOOD  IN  THE  ARTERIES. 


289 


the  different  systems  of  vessels  in  the  body,  a  constricted  portion  at  o 
(Fig.  101)  representing  the  Capillaries,*  and  being  preceded  by  a  wider 
portion  for  the  Arteries,  and  followed  by  a  still  wider  one  for  the  Veins. 
By  this  instrument  it  may  be  shown  physically,  that  the  pressure  is 
highest  in  the  Arterial  vessels,  whilst  it  is  much  less  in  the  Capillaries, 
and  is  lowest  in  the  Veins,  j"  It  may  also  be  shown  that  the  mean 
tension  of  an  Artery 

diminishes  in  propor-  Fig.  102. 

tion  to  its  distance  from 
the  heart,   and   is  by 
so  much   the   less  in 
.  proportion  as  the  Capil- 
laries are  dilated,  and 
thus  constitute  a  smaller 
obstacle  to  the  passage 
Df  the  arterial  blood. 
:  These  facts,  at  least  as 
regards  the  difference 
)f  the  pressure  in  the 
irterial  and  venous  sys- 
■ems,  were  clearly  per- 
ceived by  Hales,  and 
.  lave  been  substantiated 
j  iy  Bernard  with  the 
If  .inferential  Manometer, 
Li'ig.   102;     the  two 
t  aouthpieces  of  which, 
j  e,  being  inserted  into 

i  rteries  at  the  same  dis- 
tance from  the  Heart, 
I  s  the  two  Carotids  or 
t  pe  two  Crurals,  the 
1'ivel  of  the  mercury  on 
t  ie  two  sides  remains 
|  lual,  indicating  equa- 
1     of  pressure ;  whilst 

one  be  placed  in  a 
\  ore  distant  artery  or 
to  a  vein,  the  mer- 
K|  iry  constantly  rises  on 
j  at  side,  thus  showing 

ii  diminution  of  pres- 
kl,Je  or  tension.  If  the 
it  attracted  or  Capillary 
»>rtion  of  Marey's  ap- 


Differential  Manometer  of  Bernard  .J 


an!h  6  Cap.,llanes,of  tne  body»  though  in  their  aggregate  Bectional  area  much  larger 
Hion   a°    i        y  reason  of  their  smallness,  and  the  consequent  great  increase  of 
t  In  tF'r-     llr  Walls'  °Perate  virtually  as  such  a  constricted  portion, 
much  1     Ju"g      7  the  Pre8suro  rises  again  in  the  veins,  as  their  collective  calibre 
i  +  T^J*  j     ,  .  at  of  the  capillaries,  though  greater  than  that  of  the  arteries. 
I  Bernard,  vol.  i.  p.  205,  1859. 

u 
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paratus  (Fig.  101)  be  enlarged,  the  fluid  will  pass  through  it  with 
less  resistance,  and  the  pressure  in  the  Arterial  portion  will  diminish, 
and  vice  versd.  This  has  actually  been  observed  by  Bernard  in  the 
living  subject:  for  on  placing  the  mouthpieces  of  his  differential 
manometer  into  the  two  facial  arteries  of  a  horse,  the  mercury  stood 
at  the  same  level  in  each  arm  of  the  instrument;  but  on  division  of  one 
of  the  cervical  sympathetic  nerves,  the  mercury  instantly  rose  on  that 
side,  indicating  a  diminution  in  the  tension  of  the  vessel.  Now  it  has 
been  ascertained  that  section  of  the  Sympathetic  causes  a  dilatation  of  the 
Capillary  vessels,  and  therefore  facilitates  the  passage  of  the  blood  through 
them ;  and  the  counterproof  is  shown  by  galvanizing  the  cut  extremity 
of  the  Sympathetic,  which  inducing  contraction  of  the  Capillaries,  in- 
creases the  resistance  to  the  passage  of  the  blood  from  the  Arteries,  and 
augments  the  tension  of  their  walls,  as  is  indicated  by  the  gradual  falling 
of  the  mercury  on  the  galvanized  side,  till  the  pressure  there  may  even 
exceed  that  of  the  healthy  one. 

255.  The  absolute  pressure  of  the  blood  in  the  living  vessels  has  en- 
gaged the  attention  of  many  observers.    Hales*  endeavoured  to  ascer- 
tain it  by  inserting  long  pipes  into  the  vessels  of  living  animals,  and  | 
measuring  the  height  to  which  the  blood  rose.    In  a  Mare,  when  the  j 
tube  was  introduced  into  the  crural  artery,  it  rose  8  ft.  3  in. ;  in  two 
Horses,  9  ft.  8  in.  and  9  ft.  6  in.   From  parallel  experiments  upon  sheep,  j 
oxen,  dogs,  and  other  animals,  and  from  the  comparison  of  the  calibre  I 
of  their  respective  vessels  with  that  of  the  human  aorta,  Hales  con-  I 
eluded  that  the  usual  force  of  the  heart  in  Man  would  sustain  a  column  I 

of  blood  7^  feet  high,  the  weight  of  which  would  I 
be  about  4  lbs.  6  oz.  on  the  square  inch.  Poi- 
seuille,  improving  on  Hales'  method,  employed  a{ 
much  more  portable  instrument  in  the  form  of  a  j 
doubly-bent  tube  (Fig.  103),  containing  mercury  in  I 
the  curve,  and  a  solution  of  carbonate  of  soda  in  I 
the  mouthpiece,  which  prevented  the  formation  oil 
clots.    A  still  further  improvement  was  made  by  I 
Volkmann   and  Ludwig,  by  placing  Poiseuille'sl . 
instrument  in  connection  with  a  revolving  drum,f 
on  which  tracings  indicating  the  fluctuations  of  the 
pressure  could  be  taken.    The  instrument  so  modi-j 
fled  was  called  the  "  Kymographion."  Poiseuillel 
estimated  the  pressure  in  the  arteries  at  6"3  inches! 
PoiseuiUe's   Haemady-  of  mercury  on  the  square  inch,  which  he  assumed  asi 
pi™e.me  er'~A'  mou  "  the  standard  for  all  arteries,  and  for  all  Mammalia.) 

But  the  tracings  of  Ludwig  and  Volkmann  showedl 
that  the  range  of  variation  was  very  wide,  being  in  the  carotid  of  the! 
Horse  from  6  to  13  inches,  and  not  less  in  other  animals.  Bernard  hast 
invented  a  lighter  instrument,  termed  the  "  Cardiometer,"  the  indications 
given  by  which  are  somewhat  higher  than  those  obtained  by  Poiseuille  3 
apparatus.  The  following  table  presents  the  results  of  Volkmann's  obj 
servationsf  upon  the  relative  lateral  pressure  at  four  points  of  the  circulaj 
tion  in  different  animals,  expressed  in  millimeters ;  namely  (i.)  the  carotnj 


Fio.  103. 


"Haemastatica,"  vol.  i.  pp.  1-60. 


f  Op.  cit.,  p.  173. 
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near  its  origin,  (n.)  a  peripheral  branch  of  the  carotid  or  some  other 
artery,  (m.)  a  peripheral  rootlet  of  a  vein,  and  (iv.)  a  jugular  vein  : — 

i.  ii.  in.  iv. 

Goat  ....    135  ...  126  ...  41  ...  18  mm. 

Horse     ...    122  ...      97  ...  44  ...  21-5  mm. 

Calf  ....    165-5  ...  146  ...  27-5  ...     9  mm. 

256.  The  rate  of  movement  of  the  blood  in  any  artery  can  only  be 
guessed  at  as  regards  the  Human  subject  from  the  comparative  results 
of  experiments  upon  the  lower  animals ;  but  several  methods  have  been 
suggested,  by  which  it  may  be  ascertained  in  them  with  some  approxi- 
mation to  truth.    One  of  these,  employed  by  Volkmann,  and  termed 


Fig.  104. 


Volkmann's  Haemodroxometer. 


>y  him,  the  Hajmodromometer,  is  exhibited  in  Fig.  104,  where  a  shows  the 
strument  as  it  is  inserted  between  the  two  cut  extremities  of  an  artery 
r  vein.    In  this  position  the  blood  continues  to  flow  in  the  original  di- 
ection ;  but  by  a  simple  mechanical  arrange- 
ent,  its  course  can  be  suddenly  diverted 
as  in  b),  through  the  bent  tube  filled  with 
ater  in  the  direction  of  the  arrows.  The 
pidity  of  the  current  may  be  readily  estimated 
»y  timing  its  course  along  the  scale  at  the 
<Je.    A  second  method  is  that  represented  in 
'ig.  105,  devised  by  Vierordt,  and  termed  by 

1  the  "  Haematochometer."     This   consists   H«ematoehometer  of  Vierordt:- 

a  small  glass  cell  filled  with  water,  with         a  and  6,  mouthpieces. 

u  2 


Fig.  105. 
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Fig.  106. 


V 


M.  Lortet'a  Instrument. 


two  mouthpieces  for  insertion  into  the  vessel,  and  a  light  vertically- 
suspended,  and  easily-moveable  pendulum,  placed  close  to  the  point 
of  entrance  of  the  current  from  the  upper  extremity  of  the  divided 
artery.  The  amount  of  deviation  from  the  perpendicular  produced  by 
the  instreaming  blood  on  the  pendulum,  as  measured  by  the  scale, 
indicates  the  velocity  of  the  current.  Volkmann  gave  the  rapidity 
of  the  stream  in  the  carotid  of  the  Horse  at  from  12-17  inches  per 
second,  and  in  the  Dog,  at  about  12  inches  per  second.  Vierordt 
estimated  it  at  10-^  inches  per  second  in  the  carotid  of  Man,*  and  at  2| 
inches  per  second  in  the  metatarsal  artery.  Chauveau,f  with  a  similar 
but  somewhat  improved  instrument,  estimated  the  rapidity  of  the  blood 
in  the  carotid  of  the  Horse  at  20-28  inches  per  second  during  the 
systole  of  the  heart,  falling  to  8"78  inches  during  the  diastole. 
The  instrument  adopted  by  M.  LortetJ  (Fig.  106)  is  founded 
on  the  same  principle  as  the  one  suggested  by  MM.  Chauveau, 
Bertolus,  and  Laroyenne.§    It  consists  of  a  short  tube,  open 

at  both  ends  (a),  which  is  intro- 
duced into  the  artery.  On  one 
side,  near  the  middle,  is  a  square 
opening  (6),  which  is  closed  by 
a  plate  or  ring  of  caoutchouc. 
The  caoutchouc  is  pierced  by  a 
long  and  light  lever  (c),  the  short  and  somewhat  broader  end  of  which 
hangs  in  the  current  of  blood,  whilst  the  long  end  records  its  corre- 
sponding but  opposite  movements  on  a  rotating  drum,  the  fulcrum 
being  the  point  where  the  lever  is  gripped  by  the  sides  of  the  opening 
in  the  india-rubber.  Connected  with  the  instrument  is  a  sphygmo- 
scope  and  a  sphygmographic  apparatus,  with  the  object  of  obtaining 

traces  of  the  pulsa- 
tions, the  tube  of  the 
former  being  soldered 
on  the  one  hand  into, 
the  side  of  the  pri-| 
mary  or  haemodromo- 
graphic  tube,  and  onj 
the  other  being  con-j 
nected  with  an  elastic} 
cushion  filled  with  air) 
and  supporting  a  lever  J 
the    movements  ol 
which  are  registered 
just  below  those  oj, 
the  lever  indicating 
the   rapidity  of  th<| 
movement     of  tha 

Tracing  obtained  by  M.  Lortet's  Instrument.  blood.   Fig.  1 07  show! 

Tbe  scale  above  indicates  lOths  of  a  second.  dnnhlp  normal  tracj 

V,  tracing  indicating  the  variations  in  the  rapidity  of  the  blood.       **  UULtL,io 
P,  tracing  of  the  pulse. 

*  "  Physiologie,"  p.  110,  1861.  J] 
t  "  Archiv.  Gen.  de  Med."  vol.  i.  1861,  p.  1 13;  and  "  Jour,  de  la  Phys."  1860,  p. 
t  "  Recherches  sur  la  Vitesse  chi  Cours  du  Sang,''  &c,  Paris,  1868. 
§  "Journal  de  la  Physiologie  ; "  Brown-Sequard,  I860,  t.  in. 


Fig.  107. 
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ing  obtained  from  the  carotid  of  a  horse  with  a  pulse  of  40  per 
minute.  Each  complete  trace,  therefore,  occupied  a  second  and  a 
half.  From  this  it  will  be  seen  that  the  increase  of  the  rapidity  com- 
mences briskly,  the  line  of  ascent  being  sharp,  and  reaching  its  acme  in 
the  space  of  two-tenths  of  a  second.  In  the  following  tenth  the  line 
rapidly  falls  : — In  the  fourth  and  fifth-tenths  the  rapidity  diminishes 
insensibly,  and  in  the  sixth  the  line  is  almost  horizontal,  though  still 
above  the  zero  line.  At  the  seventh-tenth  second  is  a  slight  elevation, 
showing  a  dicrotism  of  rapidity.  During  the  succeeding  eight-tenths 
of  a  second  the  line,  though  descending,  presents  undulations  corre- 
sponding to  oscillations  of  the  rapidity.  Amongst  the  more  important 
results  of  his  observations,  M.  Lortet  believes  he  has  shown  that  the 
blood  attains  its  maximum  of  rapidity  shortly  before  the  systole  of  the 
heart,  as  indicated  by  the  pressure  in  the  arteries,  reaches  its  greatest  in- 
tensity. The  closure  of  the  sigmoid  valves  exerts  little  influence  on  the 
rapidity.  The  rapidity  is  greatest  during  expiration,  and  least  during 
inspiration.  Section  of  the  spinal  cord  in  the  atlo- occipital  region,  or 
of  the  Pneumogastrics,  increases  both  the  speed  of  the  blood  and  the 
pressure  in  the  arteries.  On  ligature  of  one  carotid  the  rapidity  of  the 
blood  was  found  to  increase  in  the  other.  The  influence  of  expiration 
and  inspiration,  and  of  muscular  effort  upon  the  frequency  and  force  of 
the  cardiac  pulsations,  as  indicated  by  the  tracings  obtained  from  a  bamio- 
dynamometer  applied  to  a  large  vessel,  are  of  much  interest.  In  the  ex- 
periments of  Einbrodt*  it  was  found,  as  shown  by  the  accompanying  trac- 
ing! (Fig.  108),  that  the  maximum  of  the  blood  pressure  does  not  coin- 

Fio.  108. 


-ide  with  the  end  of  expiration,  nor  the  minimum  with  the  end  of  in- 
spiration, but  that  it  sinks  at  the  commencement  of  inspiration,  and 
subsequently  rises,  the  augmentation  increasing  with  the  commencement 
5i  expiration,  but  then  again  falling.  These  phenomena  are  thus  ex- 
plained by  Einbrodt: — at  the  commencement  of  inspiration  a  diminu- 
'ion  of  the  blood  pressure  occurs  in  consequence  of  the  increased  nega- 
tive inspiration  pressure,  or  suction  power  exerted  by  the  expansion  of 
«e  chest,  but  subsequently  the  increased  flow  of  blood  which  takes 
I  ilace  towards  the  heart  increases  both  the  number  and  the  energy  of 
he  beats  of  the  heart.  Inversely,  at  the  commencement  of  expiration, 
•he  blood  pressure  increases,  though  it  subsequently  falls,  because  ex- 


*  a 


Sitz.-ber.  d.  k.  Akad.  zu  Wien,"1859,  p.  345.         t  Funke,  Bd.  i.  p.  135. 
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piration  facilitates  the  flow  of  blood  through  the  aorta,  whilst  it  obstructs 
the  flow  of  blood  to  the  heart  through  the  veins.  Almost  identical  re- 
sults have  been  arrived  at  by  Dr.  Sanderson.*  This  observer  has  ar- 
rived at  the  conclusion  that  in  natural  breathing  each  expansion  of  the 
chest  is  followed  by  increase  of  arterial  tension  and  shortening  of  the 
diastolic  interval ;  in  other  words,  that  the  immediate  effect  of  inspira- 
tion is  to  increase  both  the  force  and  frequency  of  the  contractions  of 
the  heart,  which  is  a  direct  consequence  of  the  augmentation  of  the  flow 
of  blood  which  then  takes  place  to  it,  whilst  in  the  act  of  expiration,  the 
tension  diminishes  and  the  pulse  falls  in  number.  In  the  accompanying 
cut  (Fig.  109)  it  will  be  seen  that  the  upper  line  represents  the  cardiac, 


Fm.  109. 


the  lower  the  respiratory  tracing,  the  depression  in  the  latter  is  cause 
by  the  act  of  inspiration,  which,  as  shown  in  the  upper  tracing,  is  im 
mediately  followed  by  an  elevation,  indicating  augmented  blood-pr 
sure,  and  increased  frequency  of  pulse. 

4.  Movement  of  the  Blood  in  the  Capillaries. 

257.  In  Man,  as  in  all  the  higher  Animals — in  the  adult  conditio 
at  least — the  Capillary  circulation  is  almost  entirely  carried  on  throug 
tubes  having  distinct  membranous  parietes,  the  only  known  exceptio 
being  in  the  case  of  the  Spleen  (§  151,  ctj.   These  tubes  commonly  for 
a  minutely-anastomosing  network  (Fig.  110),  into  which  the  blood  i 
brought  by  the  ramifications  of  the  arteries  on  one  side,  and  from  vine 
it  is  returned  by  the  radicles  of  the  veins  on  the  other.    The  Avails  o 
the  tubes  are  composed  of  a  delicate  membrane,  on  the  inner  surface  o 
which  is  a  single  layer  of  epithelial  cells  possessing  nuclei,  and  of  fusi 
form  shape,  in  this  respect  resembling  the  cells  lining  the  smaller  arterie 
but  differing  from  those  in  the  interior  of  the  veins,  which  are  lozenge 
shaped,  with  wavy  outline.  According  to  Eberthf  (Fig.  Ill),  the  walls 
the  very  finest  capillaries,  as  those  of  the  retina  and  brain,  are  composed 

*  See  '  Croonian  Lecture  '  delivered  at  the  Royal  Society,  March  7,  1867.  _  Throug 
the  kindness  of  Dr.  Sanderson  the  Editor  has  had  the  opportunity  of  watching  an  e 
periment  on  a  dog,  and  can  therefore  speak  with  confidence  of  the  care  and  accura 
with  which  it  was  conducted.  , 

t  "  Wurzburg.  Naturwiss.  Zeit.,"  Bd.  vi.  1865,  p.  27.  See  also  Chrzonszczews 
Virchow's  "Archiv,"  1866,  Bd.  xxxv.  p.  171 ;  Auerbach,  "  Breslau.  Zeitung,  18* 
Aeby,  "  Medicin.  Central  blatt,"  1865,  No.  14;  Cohnheim,  Virchow's  "Archiv/  Bd. : 
p.  52,  and  Ranvier  and  Cornil,  Brown-Sequard,  "Archiv.  de  Physiol.,"  t.  i.  1868,  p.  o< 
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the  intimately-adhering  cells  alone,  without  any  basement  membrane, 
which  only  becomes  perceptible  in  those  of  larger  diameter.    It  is  not  im- 

Fig.  110. 


Capillary  plexus  in  a  portion  of  the  web  of  a  Frog's  foot,  magnified  110  diameters  : — a,  trunk 
of  vein ;  b,  b,  its  branches  j  c,  c,  pigment  cells. 

probable  that  minute  interspaces  exist  between  adjoining  cells,  through 
which,  when  the  pressure  of  the  blood  is  increased,  the  white  and  even  the 


Via.  111. 
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less-yielding  red  corpuscles  may  escape.  The  diameter  of  the  Capillaries 
varies  in  different  animals,  in  accordance  with  that  of  their  blood-cor- 
puscles ;  thus  the  Capillaries  of  the  Frog  are,  of  course,  much  larger 
than  those  of  Man.    The  ordinary  diameter  of  the  latter  appears,  from 
the  measurements  of  Weber,  Miiller,  and  others,  to  vary  from  about  the 
1- 300th  to  the  l-2500th  of  an  inch  ;  the  extremes,  however,  are  stated 
by  Kolliker  at  as  little  as  l-5600th  and  as  much  as  l-1870th  of  an  inch. 
As  the  diameter  of  the  Human  capillaries,  however,  can  only  be  ex- 
amined after  death,  it  is  probable  that  these  statements  may  not  be  alto- 
gether exact,  particularly  as  tubes  of  the  smallest  of  the  above  sizes 
would  not  admit  ordinary  blood-corpuscles.    The  dimensions  of  the 
individual  vessels,  indeed,  are  by  no  means  constant ;  as  may  be  seen  by 
watching  the  Circulation  in  any  transparent  part,  for  some  little  time. 
Putting  aside  those  general  changes  in  diameter  which  result  from  cir- 
cumstances affecting  all  the  capillaries  of  a  part,  it  may  be  observed 
that  a  single  capillary  will  sometimes  enlarge  or  contract  by  itself,  with- 
out any  obvious  cause.    Thus,  the  stream  of  blood  will  sometimes  be 
seen  to  run  into  passages  which  were  not  before  perceived ;  and  it  has 
hence  been  supposed  that  they  were  new  excavations,  formed  by  the 
retreating  or  removal  of  the  solid  tissue  through  which  it  passes.  But 
a  more  attentive  examination  shows,  that  such  passages  are  real  capil- 
laries, which  did  not,  at  the  time  of  the  first  observation,  admit  the 
stream  of  blood-corpuscles,  in  consequence  of  the  contraction  of  th 
calibre,  or  of  some  other  local  impediment ;  and  that  they  are  brough 
into  view  by  the  simple  increase  in  their  diameter.    The  compressio 
of  one  of  the  small  arteries  will  generally  occasion  an  oscillation  of  th 
corpuscles  of  blood  in  the  smallest  capillaries,  which  will  be  followed  b 
the  disappearance  of  some  of  them ;  but  when  the  obstruction  is  re 
moved,  the  blood  soon  regains  its  previous  velocity  and  force,  and  flow 
into  exactly  the  same  passages  as  before.    The  Capillaries  in  cert 
regions,*  as  the  central  parts  of  the  nervous  system  and  the  mesentery 
appear  to  be  surrounded  by  a  sheath  between  which  and  their  o-v 
proper  coat,  lymph  corpuscles  have  been  observed ;  these  spaces  hav 
consequently  been  regarded  as  extensions  of  the  lymphatic  system. 

258.  The  opinion  was  long  entertained,  that  there  are  vessels  adapte 
to  supply  the  white  or  colourless  tissues;  carrying  from  the  arteries  th 
£  liquor  sanguinis,'  and  leaving  the  corpuscles  behind,  through  inabili 
to  receive  them.    A  considerable  development  has  lately  been  given 
this  view  by  the  investigations  of  Virchowf  and  others ;  by  whom 
has  been  attempted  to  be  shown  that  in  the  various  structures  include 
under  the  term  connective  tissues,  the  corpuscles,  which  are  almo 
constantly  found  disseminated  through  them,  are  to  be  regarde 
like  the  lacunae  of  bone,  as  centres  and  storehouses  of  nutriment,  whi 
is  again  distributed  by  their  caudate  prolongations  (frequently  assuro 
the  form  of  elastic  tissue)  to  the  most  distant  parts.    The  idea  th 
Nutrition  can  only  be  carried-on  by  means  of  Capillary  vessels,  is,  ho 
ever,  entirely  gratuitous ;  for  there  is  no  essential  difference  between 
nutrition  of  the  non-  vascular  tissues,  and  that  of  the  islets  in  the  mid 
of  the  network  of  capillary  vessels  which  traverses  the  most  vascula 

*  Strieker,  in  Molesehott's  "  Untersuch.,"  Bd.  x.  Heft  2,  p.  168. 
t  See  "  Cellular  Pathology,"  passim. 
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In  both  cases,  the  nutrient  materials  conveyed  by  the  blood  are  absorbed 
by  the  cells  or  other  elementary  parts  of  the  tissue  immediately  adjoin- 
ing the  vessels,  and  are  imparted  by  them  to  others  which  are  further 
removed ;  and  the  only  difference  lies  in  the  amount  of  the  portion  of 
tissue  which  has  to  be  thus  traversed,  so  that  we  are  only  required  to 
extend  our  ideas,  from  the  largest  of  the  islets  which  we  find  in  the 
vascular  tissues,  to  the  still  more  isolated  structures  of  which  the  non- 
i  a^cular  tissues  are  composed. — The  disposition  of  the  Capillaries,  both 
as  to  the  degree  of  minuteness  and  the  plan  of  the  reticulation  which 
they  form,  varies  so  greatly  in  the  different  vascular  tissues,  that  it  is 
possible  to  state  with  tolerable  certainty  the  nature  of  the  part,  from 
which  any  specimen  has  been  detached, — whether  a  portion  of  Skin 
(Fig.  112),  Mucous  membrane  (Fig.  113),  Serous  membrane,  Muscles 
(Fig.  114),  Nerve  Fat  (Fig.  115),  Areolar  tissue,  Gland  (Fig.  45),  &c. 


Fig.  112. 


Fig.  113. 


Distribution  of  Capillaries  on  the  surface 
of  the  Skin  of  the  linger. 

Fig.  114. 


Distribution  of  Capillaries  around  follicles 
of  Mucous  Membrane. 


Fig.  115. 


Distribution  of  Capillaries  in  Muscle. 


Capillary  network  around  Fat-cells. 


The  degree  of  minuteness  is  obviously  in  accordance  with  the  copious- 
ness of  the  supply  of  blood  which  is  required  for  the  purposes  of  its 
circulation  through  the  part ;  thus  the  plexus  is  closest,  where  some 
•nange  is  to  be  effected  on  the  blood  itself,  as  in  the  absorbent,  respira- 
*>ry,  and  secreting  organs ;  whilst  it  is  widest  in  those  parts  which  re- 
vive the  blood  solely  for  their  own  nutrition, — the  nervous  centres  and 
muscles  having  a  more  minute  reticulation  than  is  seen  in  the  gene- 
ality  of  the  last-named  parts,  in  virtue  of  the  peculiar  activity  of  the 
;  nolecular  changes  which  take  place  in  them.  But  the  arrangement 
>  vessels  peculiar  to  each,  evidently  has  reference  only  to  the  con- 
venience of  the  distribution  of  blood  among  the  elementary  parts  of  the 

T*}?'  Varies  witn  tneir  f°rm-  It  is  not  possible  to  imagine  that 
I    nas  any  other  relation  than  this  to  their  functions ;    since  the 
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function  of  each  separate  element  of  the  organ,  of  which  that  of  the 
entire  organ  is  the  aggregate,  is  due  to  its  own  inherent  vital  powers, — 
the  supply  of  blood  being  only  required  as  furnishing  the  material  on 
which  these  are  to  be  exercised. 

259.  The  average  rate  of  movement  of  the  blood  through  the  Capillary 
system,  may  be  determined  with  tolerable  precision  by  microscopic 
measurement ;  and  the  observations  of  Hales,  Valentin,  and  Weber 
concur  in  representing  it  to  average  in  the  systemic  capillaries  of  the 
Frog  1'2  inch  per  minute.  In  warm-blooded  animals,  however,  the 
capillary  circulation  is  probably  much  more  rapid  than  this ;  the  obser- 
vations of  Volkmann  upon  the  mesenteric  arteries  of  the  Dog  making 
its  rate  about  1  *8  inch  per  minute ;  whilst  Ludwig  and  Vierordt,  from 
observations  on  the  movement  of  the  blood-corpuscles  in  the  retinal 
capillaries  of  their  own  eyes,  estimate  the  rapidity  at  from  one  inch  in 
41  seconds  to  one  inch  in  28  seconds.  The  layer  which  is  in  imme- 
diate proximity  to  the  wall  of  the  vessels  flows  from  9  to  17  times  more 
slowly  if  the  movement  of  the  white  corpuscles  is  to  be  taken  as  a  means 
of  estimating  it  (Weber).  Assuming  '03  inch  per  second,  however,  aa 
the  rate,  and  comparing  this  with  the  rate  of  movement  of  the  blood  in 
the  larger  arteries,  which  seems  on  the  average  to  be  11 -8  inches  per 
second,  it  is  calculated  by  Volkmann  that  the  aggregate  area  of  the 
capillaries  (being  in  an  inverse  ratio  to  the  rate  of  the  blood's  movement 
through  them)  must  be  nearly  four  hundred  times  that  of  the  arterial 
trunks  which  supply  them.*  Donders,  on  similar  data,  estimates  it  at 
500  times  greater,  and  Vierordt  at  from  800  to  850  times.  | 

260.  That  the  movement  of  the  Blood  through  the  Capillary  system 
of  vessels,  is  mainly  dependent  upon  the  force  which  it  derives  from  the 
Heart  and  from  the  coats  of  the  Arteries,  is  a  matter  altogether  beyond 
dispute.    But  it  is  a  most  important  question,  not  merely  in  itself,  but 
in  its  bearing  on  one  of  the  fundamental  questions  of  Pathology, — the 
nature  of  Inflammation, — whether  the  Capillary  circulation  is  influenced 
by  any  other  agency  than  the  contractile  power  of  the  Heart  and 
Arterial  system ;  some  Physiologists  maintaining  that  this  alone  is  suffi- 
cient to  account  for  all  the  phenomena  of  the  Capillary  circulation ;  and 
others  asserting  that  it  is  necessary  to  admit  some  supplementary  force,  i 
which  may  be  exerted  either  to  assist,  retard,  or  regulate  the  flow  of  J 
blood  from  the  Arteries  into  the  Veins.    We  shall  first  consider  the 
evidence  which  may  justify  an  affirmative  conclusion  as  to  the  existence  j 
of  such  force ;  and  shall  then  examine  into  its  nature. — No  physiological  | 
fact  seems  to  the  Author  to  be  more  clearly  proved,  than  the  existence,  I 
in  the  lower  classes  of  Animals,  as  well  as  in  Plants,  of  some  power  in- 
dependent of  a  vis  a  tergo,  by  which  the  nutritive  fluid  is  caused  toj 
move  through  their  vessels.^    This  power  appears  to  originate  in  the! 
circulation  itself,  and  to  be  closely  connected  with  the  state  of  thel 
Nutritive  and  Secreting  processes :  since  anything  which  stimulates  these! 
to  increased  energy,  accelerates  the  movement ;  whilst  any  check  tot. 
them  occasions  a  corresponding  stagnation.    It  maybe  convenient  toj 
designate  this  motor  force,  by  the  name  of  capillar}/  power ;  it  beingl 

*  "Hamodynamik,"  pp.  184,  204.  „ 
t  "  Die  Erscheinungen  und  Gesetze  der  Stroingeschwindigkeit  des  Blutes,  • 
X  See  "  Principles  of  Comparative  Physiology,"  chap.  v. 
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clearly  understood,  however,  that  no  mechanical  propulsion  is  thence 
implied.  On  ascending  the  Animal  scale,  we  find  the  power  which,  in 
the  lower  organisms,  is  diffused  through  the  whole  system,  gradually 
concentrated  in  a  single  part ;  a  new  force,  that  of  the  heart,  being 
brought  into  operation,  and  the  Circulation  placed,  in  a  greater  or  less 
degree,  under  its  control.  Still  there  is  evidence,  that  the  movement 
of  blood  through  the  capillaries  is  not  entirely  due  to  this ;  since  it  may 
continue  after  the  cessation  of  the  Heart's  action,  may  itself  cease  in  par- 
ticular organs  when  the  Heart  is  still  acting  vigorously,  and  is  constantly 
being  affected  in  amount  and  rapidity,  by  causes  originating  in  the 
part  itself,  and  in  no  way  affecting  the  Heart. — The  chief  proofs  of 
these  statements  will  now  be  adverted-to. 

261.  When  the  flow  of  blood  through  the  Capillaries  of  a  transparent 
part,  such  as  the  web  of  a  Frog's  foot,  is  observed  with  the  Microscope, 
t  appears  at  first  to  take  place  with  great  evenness  and  regularity. 
But  on  watching  the  movement  for  some  time,  various  changes  may  be 
observed,  which  cannot  be  attributed  to  the  Heart's  influence,  and 
,vhich  show  that  a  certain  regulating  or  distributive  power  exists  in  the 
.vails  of  the  capillaries,  or  in  the  tissues  which  they  traverse.    Some  of 
;hese  changes,  involving  variations  in  the  size  of  the  capillary  tubes, 
lave  been  already  referred-to  (§  257).    Others,  however,  are  manifested 
n  great  and  sudden  alterations  in  the  velocity  of  the  current ;  which 
:ause  a  marked  difference  in  the  rates  of  the  movement  of  the  blood 
hrough  the  several  parts  of  the  area  under  observation.  Sometimes 
his  variation  extends  even  to  the  entire  reversal,  for  a  time,  of  the 
lirection  of  the  movement,  in  certain  of  the  transverse  or  communicating 
ranches ;  the  flow  always  taking  place,  of  course,  from  the  stronger 
jwards  the  weaker  current.    Not  unfrequently,  an  entire  stagnation  of 
ae  current  in  some  particular  tube  precedes  this  reversal  of  its  direc- 
ion.    Irregularities  of  this  kind,  however,  are  more  frequent  when  the 
leart's  action  is  partly  interrupted ;  as  it  usually  is  by  the  pressure  to 
inch  the  tadpole  or  other  animal  must  be  subjected,  in  order  to  allow 
ucroscopic  observations  to  be  made  upon  its  circulation.    Under  such 
ircumstances,  the  varieties  in  the  capillary  circulation,  induced  by 
mses  purely  local,  become  very  conspicuous  ;  for  when  the  whole 
urrent  is  nearly  stagnated,  and  a  fresh  impulse  from  the  heart  renews 
,  the  movement  is  not  by  any  means  uniform  (as  it  might  have  been 
tpected  to  be)  through  the  whole  plexus  supplied  by  one  arterial 
unk,  but  is  much  greater  in  some  of  the  tubes  than  it  is  in  others ; 
ie  variation  being  in  no  degree  connected  with  their  size,  and  being 
hry  different  at  short  intervals. 

^2.  The  movement  of  the  blood  in  the  Capillaries  of  cold-blooded 
I  urnals,  after  complete  excision  of  the  Heart,  has  been  repeatedly  wit- 
|>2ssed.  In  warm-blooded  animals,  this  cannot  be  satisfactorily  established 
I  f  experiment,  since  the  shock  occasioned  by  so  severe  an  operation 
I  uch  sooner  destroys  the  general  vitality  of  the  system  ;  but  it  may  be 
I  'oved  in  other  way  s  to  take  place.  After  most  kinds  of  natural  death, 
I  e  arterial  system  is  found,  subsequently  to  the  lapse  of  a  few  hours, 
I  most  or  completely  emptied  of  blood ;  this  is  partly,  no  doubt,  the  effect 
I  the  tonic  contraction  of  the  tubes  themselves  ;  but  the  emptying  is 
I  mmonly  more  complete  than  could  be  thus  accounted  for,  and  must 
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therefore  be  partly  due  to  the  continuance  of  the  capillary  circulation. 
It  has  been  observed  by  Dr.  Bennet  Dowler,*  that  in  the  bodies  of  in- 
dividuals who  have  died  from  yellow  fever,  the  external  veins  frequently 
become  so  distended  with  blood  within  a  few  minutes  after  the  cessation 
of  the  heart's  action,  that,  when  they  are  opened,  the  blood  flows  in  a 
good  stream,  being  sometimes  projected  to  the  distance  of  a  foot  or  more, 
especially  when  pressure  is  applied  above  the  puncture,  as  in  ordinary 
blood-letting.  It  is  not  conceivable  that  the  slowly  acting  tonicity  of 
the  arteries  should  have  produced  such  a  result  as  this ;  which  can 
scarcely,  therefore,  be  attributed  to  anything  else  than  the  sustenance  of 
the  capillary  circulation  by  forces  generated  within  itself.  Further,  it 
has  been  well  ascertained  that  a  real  process  of  secretion  not  unfrequently 
continues  after  general  or  somatic  death  ;  urine  has  been  poured-out  by 
the  ureters,  sweat  exuded  from  the  skin,  and  other  peculiar  secretions 
formed  by  their  glands ;  and  these  changes  could  scarcely  have  taken  j 
place,  unless  the  capillary  circulation  were  still  continuing.  In  the  early 
embryonic  condition  of  the  highest  animals,  the  movement  of  blood 
seems  to  be  unquestionably  due  to  some  diffused  power,  independent  of 
any  central  impulsion  ;  for  it  may  be  seen  to  commence  in  the  Vascular 
Area,  before  it  is  subjected  to  the  influence  of  the  Heart.  The  first 
movement  is  towards,  instead  of  from,  the  centre  ;  and  even  for  some 
time  after  the  circulation  has  been  fairly  established,  the  walls  of  the 
Heart  consist  merely  of  cells  loosely  attached  together,  and  can  hardly  I 
be  supposed  to  have  any  great  contractile  power. 

263.  The  last  of  these  facts  may  be  said  not  to  have  any  direct  bearing  J 
on  the  question,  whether  the  '  capillary  power'  has  any  existence  in  thej 
adult  condition  ;  but  the  phenomena  occasionally  presented  by  the  foetus,! 
at  a  later  stage,  appear  decisive.  Cases  are  of  no  very  unfrequent  occur-! 
rence,  in  which  the  heart  is  absent  during  the  whole  of  embryonic  life,! 
and  yet  the  greater  part  of  the  organs  are  well  developed.    In  most  orj 
all  of  these  cases,  it  is  true,  a  perfect  twin  foetus  exists,  of  which  thej 
placenta  is  in  some  degree  united  with  that  of  the  imperfect  one  ;  and  itf 
has  been  customary  to  attribute  the  circulation  in  the  latter  to  the  infiu-< 
ence  of  the  heart  of  the  former,  propagated  through  the  placental  vessels  J 
This  supposition  had  not  been  disproved  (however  improbable  it  might! 
seem),  until  a  case  of  this  kind  occurred,  which  was  submitted  to  the) 
most  careful  examination  by  an  accomplished  anatomist  ;f  when  tha 
decisive  result  was  obtained,  that  it  seemed  impossible  for  the  heart  olj 
the  twin  foetus  to  have  occasioned  the  movement  of  blood  in  the  imper-| 
feet  one,  and  that  some  cause  present  in  the  latter  must  have  been  sutri-j 
cient  for  the  propulsion  of  blood  through  its  vessels.    It  was  a  very 
curious  anomaly  in  this  case,  that  the  usual  functions  of  the  arten 
and  veins  must  have  been  reversed  ;  for  the  Vena  Cava,  receiving  ltj 
blood  from  the  umbilical  vein  nearly  as  usual,  had  no  communicatioi 
with  the  Arterial  system  (the  Heart  being  absent),  except  through  thj 

*  '  Researches,  Critical  and  Experimental,  on  the  Capillary  Circulation,' reprintej 
from  the  "  New  Orleans  Medical  and  Surgical  Journal,"  Jan.,  1849. 

f  See  Dr.  Houston  in  the  "Dublin  Medical  Journal,"  1837— An  attempt  w«l 
made  by  Dr.  M.  Hall  ("  Edinb.  Monthly  Journal,"  1843)  to  disprove  Dr.  Houston  s  in 
ferences ;  but  a  most  satisfactory  reply  was  given  by  Dr.  Houston,  at  the  ^e^tl"^  l 
the  British  Association,  August,  1843,  and  published  in  the  "  Dublin  Journal, 
1844.    See  also  "Edinb.  Med.  and  Surg.  Journ.,"  July,  1844. 
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systemic  capillaries ;  to  which,  therefore,  the  blood  must  have  next 
proceeded,  returning  to  the  placenta  by  the  umbilical  artery.  This 
view  of  the  course  of  the  blood  was  confirmed  by  the  fact,  that  the 
veins  were  eveiywhere  destitute  of  valves. — It  is  evident  that  a  single 
ease  of  this  kind,  if  unequivocally  demonstrated,  furnishes  all  the  proof 
that  can  be  needed,  of  the  existence,  even  in  the  highest  animals,  of  a 
•  capillary  power ; '  which,  though  usually  subordinate  to  the  Heart's 
action,  is  sufficiently  strong  to  maintain  the  circulation  by  itself,  when 
the  power  of  the  central  organ  is  diminished.  In  this,  as  in  many  other 
:ases,  we  may  observe  a  remarkable  capability  in  the  living  system,  of 
adapting  itself  to  exigencies.  In  the  acardiac  Fcetus,  the  1  capillary 
oower'  supplies  the  place  of  the  Heart,  up  to  the  period  of  birth ;  after 
which,  of  coiirse,  the  circulation  ceases,  for  want  of  due  aeration  of 
;he  blood.  It  has  occasionally  been  noticed,  that  a  gradual  degenera- 
tion in  the  structure  of  the  Heart  has  taken-place  during  life,  to  such 
m  extent  that  scarcely  any  muscular  tissue  could  at  last  be  detected 
n  it,  but  without  any  such  interruption  to  the  circulation  as  must  have 
>een  anticipated,  if  this  organ  furnishes  the  sole  impelling  force. 

264.  Further,  it  is  a  general  principle,  unquestioned  by  any  Physio- 
ogist,  and  embodied  in  the  ancient  aphorism  Ubi  stimulus,  ibi  jiuxus, 
hat,  when  there  is  any  local  excitement  to  the  processes  of  Nutrition, 
Secretion,  &c,  a  determination  of  blood  towards  the  part  speedily  takes 
'lace,  and  the  motion  of  blood  through  it  is  increased  in  rapidity ;  and 
lthough  it  might  be  urged  that  this  increased  determination  may  not  be 
ie  effect,  but  the  cause,  of  the  increased  local  action,  such  an  opinion 
ould  not  be  sustained  without  many  inconsistencies  with  positive  facts, 
or  it  is  known  that  such  local  determinations  may  take  place,  not  only 
i  a  part  of  the  regular  phenomena  of  growth  and  development  (as  in  the 
ise  of  the  entire  genital  system  at  the  time  of  puberty  and  of  periodical 
eat,  the  uterus  after  conception,  and  the  mammae  after  parturition),  but 
so  as  a  consequence  of  a  strictly  local  cause.    Thus,  the  student  is  well 
rare  that,  after  several  hours'  close  application,  there  is  commonly  an 
icreased  determination  of  blood  to  the  brain,  causing  a  sense  of  oppres- 
on,  a  feeling  of  heat,  and  frequently  a  diminished  action  in  other  parts ; 
Lid,  again,  when  the  capillary  circulation  is  being  examined  under  the 
icroscope,  it  is  seen  to  be  quickened  by  moderate  stimuli,  and  to  be 
jually  retarded  by  depressing  agents.    All  these  facts  harmonise  com- 
I  etely  with  the  phenomena,  which  are  yet  more  striking  in  the  lower 
l-asses  of  organized  beings,  and  which  are  evidently  in  accordance  with 
I-  e  same  laws. 

|  265.  It  is  equally  capable  of  proof,  on  the  other  hand,  that  an  influence 
I  aerated  in  the  Capillaries  may  afford  a  complete  check  to  the  circu- 
I  -ion  in  the  part ;  even  when  the  Heart's  action  is  unimpaired,  and  no 
J  3chanical  impediment  exists  to  the  transmission  of  blood.  Examples  of 
;  is  may  be  seen  in  the  loss  of  vitality  produced  by  the  prolonged  appli- 
I  ion  of  cold  to  a  part ;  also  in  cases  of  spontaneous  gangrene  of  the 
|  *er  extremities,  in  which  the  death  of  the  solid  tissues  is  clearly  con- 
j  cted  with  a  local  decline  of  the  circulation,  and  in  which  it  has  been 
I  Dwn  by  examination  of  the  limb  after  its  removal,  that  both  the  larger 
I  3<1?  t^G  caP^a:"es  were  completely  pervious ;  so  that  the  cessation 
the  flow  of  blood  could  not  be  attributed  to  any  impediment,  except 
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that  arising  from  the  cessation  of  some  power  which  exists  in  the  capilla- 
ries, and  which  is  necessary  for  the  maintenance  of  the  current  through 
them.    The  most  remarkable  evidence  on  this  point,  however,  is  derived 
from  the  phenomena  of  Asphyxia,  which  will  be  more  fully  explained  in 
the  succeeding  Chapter.  At  present  it  may  be  stated  as  a  fact,  which  has  | 
now  been  very  satisfactorily  ascertained,  that,  if  admission  of  air  into  the 
lungs  be  prevented,  the  circulation  through  them  will  be  brought  to  a  f 
stand,  as  soon  as  the  air  which  they  contain  has  been  to  a  great  degree  I 
deprived  of  its  oxygen,  or  rather  has  become  loaded  with  carbonic  acid ;  I 
and  this  stagnation  will,  of  course,  be  communicated  to  all  the  rest  of  the! 
system.    Yet,  if  it  have  not  continued  sufficiently  long  to  cause  the  loss  I 
of  vitality  in  the  nervous  centres,  the  movement  may  be  renewed  by  the! 
admission  of  air  in  the  lungs.    Now  although  it  has  been  asserted,! 
that  the  stagnation  is  due  to  a  mechanical  impediment,  resulting  from  the! 
contracted  state  of  the  lungs  in  such  cases,  this  has  been  clearly  proved! 
not  to  be  the  fact,  by  causing  animals  to  breathe  a  gas  destitute  of  oxygen,! 
so  as  to  produce  Asphyxia  in  a  different  manner  ;  for  the  same  stagnation!; 
results  as  in  the  other  case. 

266.  If  the  phenomena  which  have  been  here  brought  together  bei 
considered  as  establishing  the  existence,  in  all  classes  of  beings  possessing!^ 
a  circulating  apparatus,  of  a  '  Capillary  power,'  which  affords  a  necessary!  • 
condition  for  the  movement  of  the  nutritious  fluid,  through  those  parts| 
in  which  it  comes  into  more  immediate  relation  with  the  solids,  the 
question  still  remains  open,  what  is  the  nature  of  that  power? — Itisverjjjf 
doubtful  whether  the  Capillaries  possess  true  contractility ;  for  althougl] 
their  diameter  is  subject  to  great  variation,  yet  this  may  be  due  simply 
to  the  elasticity  of  their  walls,  which  tends  to  keep  them  constantly  con-j 
tracted  upon  the  stream  of  blood  that  passes  through  them  ;  and  there  if  j 
no  adequate  proof  that  the  alterations  in  their  size,  which  are  consequent 
upon  the  local  application  of  stimuli,  proceed  from  any  other  source  than  i 
the  alteration  in  the  quantity  of  blood  delivered  to  them  by  the  minute 
arteries,  the  very  considerable  alterations  in  whose  calibre  under  sue* 
influences  have  been  already  described  (§§  247,  248).    In  the  esperil 
ments  of  the  Profrs.  Weber  (loc.  cit.),  the  application  of  the  electril 
stimulus  to  the  capillaries  produced  no  change  in  their  diameter.  Evei 
supposing  the  capillaries,  however,  to  possess  such  an  independent  com 
tractility,  this  could  not  exert  itself  in  aiding  the  flow  of  blood  througj 
them,  except  either  by  rhythmical  alternations  of  contraction  and  dila| 
tation,  or  by  some  kind  of  peristaltic  movement ;  and  observation  com) 
pletely  negatives  the  idea  of  the  existence  of  any  such  movement,  smcf 
the  stream  of  blood,  now  rendered  continuous  by  the  elasticity  of  tlj  ■ 
arteries,  passes  through  the  capillaries  as  through  tubes  of  glass.  Hen<f  J 
the  notion  of  any  mechanical  assistance,  afforded  by  the  action  of  tlj 
Walls  of  the  Capillaries  to  the  movement  of  blood  through  them,  must  a  t 
altogether  dismissed. 

267.  There  is  experimental  evidence,  however,  that  the  movement  I, 
the  blood  may  be  affected  by  any  agency  which  alters  the  chemico-w\ 
relations  between  the  blood  and  the  tissues  which  it  permeates,  ^"jl 
when  the  interrupted  electric  current  was  applied  to  the  capillaries  IJ 
the  Profrs.  Weber,  they  noticed  that  the  blood-corpuscles  showed  I  < 
remarkable  tendency  to  adhere  to  each  other  and  to  the  walls  of  t| 
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vessels,  so  as  to  produce  a  great  amount  of  friction  and  a  consequent 
retardation.    A  very  similar  set  of  phenomena  has  been  observed  by 
Mr.  Wharton  Jones,*  as  the  consequence  of  the  direction  of  a  stream  of 
carbonic  acid  against  the  capillary  network.    And  the  depression  of  the 
vitality  of  the  part,  by  such  injuries  as  tend  to  excite  Inflammation  in  it, 
produces  a  like  stagnation.    This  effect  cannot  be  attributed  to  mecha- 
nical obstruction  in  the  vessels,  for  they  are  usually  dilated  rather  than 
contracted,  when  this  condition  exists ;  and  without  any  change  in  the 
dimensions  of  a  tube,  the  stream  of  blood  through  it  may  be  seen 
decreasing  from  extreme  velocity  to  complete  stagnation.f    That  altera- 
tions in  the  chemical  state  of  the  blood  (involving,  of  course,  important 
changes  in  its  vital  properties)  are  capable  of  exercising  a  most  important 
effect  on  the  Capillary  circulation,  is  shown,  not  merely  by  the  stagnation 
of  the  pulmonary  Circulation  in  Asphyxia,  but  by  the  curious  fact  ascer- 
tained by  Dr.  J.  Reid,J  that  the  blood,  when  imperfectly  arterialised, 
is  retarded  in  the  systemic  capillaries,  causing  an  increased  pressure  on 
the  walls  of  the  arteries.  He  found  that,  when  the  ingress  of  air  through 
I  the  trachea  of  a  Dog  was  prevented,  and  the  Asphyxia  was  proceeding 
to  the  stage  of  insensibility, — the  attempts  at  -inspiration  being  few  and 
laboured,  and  the  blood  in  an  exposed  artery  being  quite  venous  in  its 
character, — the  pressure  upon  the  arterial  walls,  as  indicated  by  the 
hsemadynamometer  applied  to  the  femoral  artery,  was  much  greater 
;lian  usual.    Upon  applying  a  similar  test  to  a  vein,  however,  it  was 
lbund  that  the  pressure  was  proportionably  diminished ;   whence  it 
oecame  apparent,  that  there  was  an  unusual  obstruction  to  the  passage 
>f  venous  blood  through  the  systemic  capillaries1.    After  this  period, 
lowever,  the  mercury  in  the  haemadynamometer  applied  to  the  artery 
jegan  to  fall  steadily,  and  at  last  rapidly,  in  consequence  of  the  dimi- 
.ished  force  of  the  heart,  and  the  retardation  of  the  blood  in  the  pulmonic 
apillaries ;  but,  if  atmospheric  air  was  admitted,  the  mercury  rose  in- 
tantly,  showing  that  the  renewal  of  the  proper  chemical  state  of  the 
I  uood  restored  the  condition  necessary  for  its  circulation  through  the 
I  apillaries. § 

I  268.  It  appears  from  the  preceding  facts,  that  the  conditions  under 
J  fhich  the  power  in  question  uniformly  operates,  may  be  thus  simply  and 
I  efinitely  expressed  :  Whilst  the  injection  of  blood  into  the  Capillary 
I-  essels  of  every  part  of  the  system  is  due  to  the  action  of  the  Heart,  its 
I  ite  of  passage  through  those  vessels  is  greatly  modified  by  the  degree  of 
|  ctivity  in  the  processes,  to  which  it  should  normally  be  subservient  in 
fciem ; — the  current  being  rendered  more  rapid  by  an  increase  in  their 
iJtmty,  and  being  stagnated  by  their  depression  or  total  cessation.  Or 

|  *  '' Brit-  and  For.  Med.  Review,"  vol.  xiv.  p.  600. 

I  Mr.  Paget,  Op.  cit.,  p.  311.— The  Author  had  long  previously  satisfied  him- 

I    that  such  was  the  fact ;  and  is  glad  to  be  able  to  cite  the  far  more  extended 
|  T^Sv11?  of  Mr-  Paget  on  this  POint,  in  confirmation  of  his  own 
I  *    ^"nb-  Med.  and  Surg.  Journ.,"  April,  1841  ;  and  "  Anat.,  Phys.,  and  Pathol. 
I  esearches,"  chap.  ii. 

I  £n)\last  fact  (as  Dr.  Reid  has  remarked)  is  sufficient  to  negative  the  idea  of 
I  A  "?n8en.'  that  the  obstruction  is  caused  by  the  contraction  of  the  capillaries 
I  ?!  e  8t.lmu,us  of  venous  blood  ("Edinb.  Med.  and  Surg.  Journ.,"  Jan.,  1845)  ; 
I  »  »  ®?Pe^ments  agree  in  showing,  that  such  contraction  can  only  be  excited  by 
I.  >reP8U»wltl0I\  °f  *  8timulus  for  80me  minutes,  and  that  relaxation  takes  place  still 
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at  any  rate,  to  use  the  more  guarded  language  of  Mr.  Paget  (loc.  cit.), 
we  have  facts  enough  to  justify  the  hypothesis,  "  that  there  is  some 
mutual  relation  between  the  blood  and  its  vessels,  or  the  parts  around 
them,  which,  being  natural,  permits  the  most  easy  transit  of  the  blood, 
but,  being  disturbed,  increases  the  hindrances  to  its  passage." — A  phy- 
sical principle  has  been  put-forth  by  Prof.  Draper,*  which  seems  quite 
adequate  to  explain  these  phenomena.  It  appears  fully  capable  of  proof, 
that  "  if  two  liquids  communicate  with  one  another  in  a  capillary  tube, 
or  in  a  porous  or  parenchymatous  structure,  and  have  for  that  tube  or 
structure  different  chemical  affinities,  movement  will  ensue  ;  that  liquid 
which  has  the  mo3t  energetic  affinity  will  move  with  the  greatest 
velocity,  and  may  even  drive  the  other  liquid  before  it."    Now  Arterial 
blood, — containing  oxygen  with  which  it  is  ready  to  part,  and  being 
prepared  to  receive  in  exchange  the  carbonic  acid  which  the  tissues  set 
free,- — must  obviously  have  a  greater  affinity  for  those  tissues  than 
Venous  blood,  in  which  both  these  changes  have  already  been  effected. 
Consequently,  upon  mere  physical  principles,  the  arterial  blood  which 
enters  the  Systemic  capillaries  on  one  side,  must  drive  before  it,  and 
expel  on  the  other  side  of  the  network,  the  blood  which  has  become 
venous  whilst  traversing  it ;  but  if  the  blood  which  enters  the  capillaries 
have  no  such  affinity,  no  such  motor  power  can  be  developed. — On  the 
other  hand,  in  the  Pulmonary  capillaries  the  opposite  affinities  prevail. 
The  venous  blood  and  the  air  in  the  cells  of  the  lungs  have  a  mutual 
attraction,  which  is  satisfied  by  the  exchange  of  oxygen  and  carbonic 
acid  that  takes  place  through  the  walls  of  the  capillaries;  and  when  the 
blood  has  become  arterialised,  it  no  longer  has  any  attraction  for  the  air. 
Upon  the  very  same  principle,  therefore,  the  venous  blood  will  drive  the 
arterial  before  it  in  the  Pulmonary  capillaries,  whilst  respiration  is  pro- 
perly going-on  :  but  if  the  supply  of  oxygen  be  interrupted,  so  that  the 
blood  is  no  longer  aerated,  no  change  in  the  affinities  takes  place  whilst 
it  traverses  the  capillary  network ;  the  blood  continuing  venous,  still 
retains  both  its  need  of  a  change,  and  its  attraction  for  the  walls  of  the 
capillaries ;  and  its  egress  into  the  pulmonary  veins  is  thus  resisted,  rather 
than  aided,  by  the  force  generated  in  the  lungs. — The  change  in  the  con- 
dition of  the  blood,  in  regard  to  the  relative  proportions  of  its  oxygen 
and  carbonic  acid,  is  the  only  one  to  which  the  Pulmonary  circulation  is 
subservient ;  biit  in  the  Systemic  circulation,  the  changes  are  of  a  much 
more  complex  nature,  every  distinct  organ  attracting  to  itself  the  peculiar 
substances  which  it  requires  as  the  materials  of  its  own  nutrition,  and 
the  nature  of  the  affinities  thus  generated  being  consequently  different  in 
each  case.    But  the  same  law  may  be  considered  to  hold  good  in  all 
instances.    Thus  the  blood,  conveyed  to  the  Liver  by  the  portal  vein,  , 
contains  the  materials  at  the  expense  of  which  the  bile-secreting  cells 
are  developed ;  consequently  the  tissue  of  the  Liver,  which  is  principally 
made-up  of  these  cells,  possesses  a  certain  degree  of  affinity  or  attraction 
for  blood  containing  these  materials ;  and  this  is  diminished,  so  soon  as 
they  have  been  drawn  from  it  into  the  cells  around.     Consequently  the  I 
blood  of  the  portal  vein  will  drive  before  it,  into  the  hepatic  vein,  the  I 
blood  which  has  traversed  the  capillaries  of  the  portal  system,  and  which,  I 


*  "Treatise  on  the  Forces  which  produce  the  Organization  of  Plants,''  pp- 
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in  doing  so,  has  given-up  the  elements  of  bile  to  the  solid  tissues  of  the 
liver.* 

269.  The  influence  which  the  Nervous  System  is  known  to  exert 
upon  the  functions  of  Nutrition  and  Secretion,  which  are  very  intimately 
related  to  the  movement  of  the  blood  in  the  Capillaries,  would  lead  us  to 
expect  that  it  should  exercise  some  like  influence  over  that  movement 
itself.    And  two  distinct  channels  for  such  an  influence  may  be  assigned 
nth  much  probability  ;  first,  the  control  exercised  by  the  Sympathetic 
stem  over  the  diameter  of  the  smaller  arteries,  which  will  thus  regulate 
the  rate  at  which  the  blood  is  supplied  to  the  capillary  plexus;  and 
second,  the  direct  agency  of  Nerve-force  in  stimulating,  retarding,  or 
lodifying  those  molecular  changes,  in  which  the  Nutritive  and  Secretory 
Dperations  consist.  (See  Prin.  of  Gen.  Phys.). — That  the  ordinary  action 
)f  this  force  is  not  required  to  sustain  the  Capillary  circulation,  is  clearly 
xroved  by  the  continuance  of  the  flow  without  any  apparent  alteration, 
fter  section  of  the  nerves  of  the  part,  as  has  been  observed  by  M  tiller, 
larton  J  ones,  and  others ;  and  this  corresponds  with  the  well-known 
ict,  that  the  Nutritive  and  Secretory  processes  may  take  place  after 
fervous  agency  has  been  thus  suspended.  But  it  seems  indubitable  that 
sudden  and  violent  '  shock'  to  the  nervous  centres  may  exert  the  same 
itagonistic  influence  on  the  movement  of  blood  in  the  Capillaries,  as  we 
ave  seen  it  to  do  on  the  Heart's  action  (§  242)  :  for  this  appears  alike 
•om  the  immediate  and  total  annihilation  of  all  vital  activity  which  is 
msequent  upon  such  an  injury,  and  from  direct  observation  in  such  an 
Deriment  as  the  following,  made  by  Dr.  Wilson  Philip.    "  The  web  of 
le  of  the  hind  legs  of  a  frog  was  brought  before  the  microscope  ;  and 
lile  Dr.  Hastings  observed  the  circulation,  which  was  vigorous,  the 
i  -ain  was  crushed  by  the  blow  of  a  hammer.    The  vessels  of  the  web 
stantly  lost  their  power,  the  circulation  ceasing ;  an  effect  which  cannot 
ise,  as  we  have  seen,  from  the  ceasing  of  the  action  of  the  heart.  [Dr. 
ilip  here  refers  to  experiments,  by  which  it  was  ascertained  that  the 
rculation  in  the  capillary  vessels  of  the  frog  will  continue  for  several 
inutes  after  interruption  of  the  heart's  action.]    In  a  short  time  the 
ood  again  began  to  move,  but  with  less  force.    This  experiment  was 
peated,  with  the  same  result.    If  the  brain  is  not  completely  crushed, 
shough  the  animal  is  killed,  the  blow,  instead  of  destroying  the  circula- 
>n,  increases  its  rapidity.  "I 


5.  Movement  of  the  Blood  in  the  Veins. 

1270.  The  Venous  system  takes  its  origin  in  the  small  trunks  that  are 
I  med  by  the  re-union  of  the  Capillaries ;  and  it  returns  the  blood 
m  these  to  the  Heart.    The  structure  of  the  Veins  is  essentially  the 
ne  with  that  of  the  Arteries  ;  but  the  fibrous  tissue  of  which  their 
[  idle  coat  is  made  up,  bears  more  resemblance  to  the  areolar  tissue  of 
skin,  than  it  does  to  the  true  elastic  tissue,  and  presents  the  distin- 
shing  feature  of  Lamina}  running  longitudinally  as  well  as  trans- 

For  further  information,  the  reader  is  referred  to  Mr.  Savory's  excellent  Review 
he  whole  of  this  subject,  with  original  experiments,  in  the  "Brit,  and  For.  Med.- 
|  ^Review,"  vol.  xv.  p.  372,  and  vol.  xvi.  p.  12. 

"Experimental  Inquiry  into  the  Laws  of  the  Vital  Functions,"  4th  edition,  p.  52. 
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versely  ;  and  the  muscular  fibre-cells  are  usually  much  fewer  in  number, 
and  are  sometimes  wanting  altogether.*    The  elasticity  of  the  Veins  is 
shown  by  the  jet  of  blood  which  at  first  spouts  out  in  ordinary  venesec- 
tion, when,  by  means  of  the  ligature,  a  distension  has  been  occasioned 
in  the  tubes  below  it.    Though  the  walls  of  the  Veins  are  thinner,  they 
yet  resist  pressure  better  than  the  Arteries.  In  an  experiment  of  Win- 
tringhamf  the  Aorta  burst  when  the  pressure  rose  to  158  lbs.,  whilst  the 
Vena  Cava  only  gave  way  when  it  reached  176  lbs.    A  slight  contrac- 
tility on  the  application  of  stimuli,  and  on  irritation  of  the  Sympathetic 
nervous  fibres,  has  been  observed ;  but  this  is  not  so  decided  as  in  the 
arteries.    The  whole  capacity  of  the  Venous  system  is  considerably 
greater  than  that  of  the  arterial ;  the  former  is  usually  estimated  to  con- 
tain from  two  to  three  times  as  much  blood  as  the  latter,  in  the  ordinary 
condition  of  the  circulation  ;  and  when  we  consider  the  great  proportion 
which  the  Veins  in  almost  every  part  of  the  body  bear  to  the  arteries, 
we  shall  scarcely  regard  even  the  larger  of  these  ratios  as  exaggerated. 
Of  course  the  rapidity  of  the  movement  of  the  blood  in  the  two  systems 
will  bear  an  inverse  ratio  to  their  respective  capacities ;  thus  if,  in  a  given 
length,  the  veins  contain  three  times  as  much  blood  as  the  arteries,  the 
fluid  will  move  with  only  one-third  of  the  velocity.    Even  at  their 
origins  in  the  capillary  plexus,  the  veins  are  larger  than  the  arteries 
which  terminate  in  the  same  plexus  ;  so  that  wherever  the  arterial  and 
venous  networks  form  distinct  strata,  they  are  readily  distinguished  fro 
each  other.    The  Veins  are  remarkable  for  the  number  of  valves  whicl 
they  contain,  formed  of  duplicatures,  or  loose  folds  of  the  internal  tunic 
between  the  component  laminae  of  which  contractile  fibres  are  interposed 
and  also  for  the  dilatations  behind  these,  which,  when  distended,  giv 
them  a  varicose  appearance.    The  valves  are  single  in  the  small  veins 
the  free  edge  of  the  flap  closing  against  the  opposite  wall  of  the  vein 
in  the  larger  trunks  they  are  double ;  and  in  a  few  instances  they  ar 
composed  of  three  flaps.    The  object  of  these  valves  is  evidently  to  pre 
vent  the  reflux  of  blood  ;  and  we  shall  presently  see  that  they  are  of  iml 
portant  use  in  assisting  in  the  maintenance  of  the  venous  circulation!; 
They  are  most  numerous  in  those  veins  which  run  among  parts  affecte*) 
by  muscular  movement ;  and  they  are  not  found  in  the  veins  of  the  lung*  i 
of  the  abdominal  viscera,  or  of  the  brain. 

27 1 .  The  movement  of  the  blood  through  the  Veins  is,  without  doubt  I 
chiefly  effected  by  the  vis  a  tergo  or  propulsive  force,  which  results  fron  I 
the  action  of  the  heart  and  arteries ;  this,  as  already  shown  (§  2o5M 
is  very  greatly  diminished  by  the  time  that  it  acts  on  the  blooj  1 
in  the  veins  ;  but  the  resistance  to  the  onward  movement  of  the  blood 
now  so  slight,  that  a  very  feeble  power  is  adequate  to  overcome 
There  are  some  concurrent  causes,  however,  Avhich  are  supposed 
some  to  have  much  influence  upon  it,  and  of  which  the  considerati 
must  not  be  neglected. — One  of  these  has  been  found  by  some  Physiol 
gists,  in  the  inspiratory  movement ;  this  is  supposed  to  draw  the  bloody 
the  Veins  into  the  chest,  in  order  to  supply  the  vacuum  which  is  crea 
*  The  following,  according  to  Prof.  Kblliker  ("  Manual  of  Human  Histology,"  ^ 
Soc.  vol.  ii.  p.  307),  are  Veins  which  are  unprovided  with  muscular  structure: 
vein's  of  the  uterine  portion  of  the  placenta  ;  the  veins  of  the  cerebral  substance  « 
pia  mater ;  the  sinuses  of  the  dura  mater ;  Breschet's  veins  of  the  bones  ;  the  veno 
cells  of  the  corpora  cavernosa  in  the  male  and  female  ;  and  probably  the  venous  c 
of  the  spleen.  t  "Experimental  Inquiry,"  &c.,  1740. 
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there  at  the  moment  of  the  descent  of  the  diaphragm.    That  the  move- 
ment in  question  has  some  influence  on  the  flow  of  venous  blood  into  the 
chest,  is  evident  from  the  occurrence  of  the  respiratory  pulse,  long  ago 
described  by  Haller,  which  may  be  seen  in  the  veins  of  the  neck  and 
shoulder  in  thin  persons,  and  in  those  especially  who  are  suffering  from 
pulmonary  diseases.  During  Inspiration,  the  veins  are  seen  to  be  partially 
emptied,  whilst  during  Expiration  they  become  turgid,  partly  in  conse- 
quence of  the  accumulation  from  behind,  and  of  the  check  ir^jfront ; 
and  partly  (it  may  be)  in  some  cases,  through  an  absolute  reflux  from 
the  veins  within  the  chest  (§  236).    The  fact  that  in  the  immediate 
neighbourhood  of  the  chest  the  flow  of  blood  towards  the  heart  is  aided 
by  inspiration  and  impeded  by  expiration,  is  further  proved  by  Sir  D. 
Barry's  experiment,  which  consisted  in  introducing  one  extremity  of  a 
tube  into  the  jugular  vein  of  a  Horse,  and  the  other  into  water,  which 
exhibited  an  alternate  elevation  and  depression  with  inspiration  and  ex- 
piration ;  this  has  been  repeated  and  confirmed  by  several  Physiologists. 
On  the  other  hand,  the  explicatory  movement,  while  it  directly  causes  ac- 
cumulation in  the  veins,  will  assist  the  heart  in  propelling  the  blood  into 
the  arteries  ;  and  by  the  combined  action  of  these  two  causes  is  produced 
among  other  effects,  the  rising  and  sinking  of  the  Brain,  synchronously 
with  expiration  and  inspiration,  which  are  observed  when  a  portion  of 
the  cranium  is  removed.     Several  considerations,  however,  agree  in 
pointing  to  the  conclusion,  that  no  great  efficacy  can  be  rightly  attributed 
j  the  Respiratory  movements,  as  exerting  any  general  vcAuenoe  over  the 
\renous  circulation.    The  Pulmonary  circulation  being  entirely  within 
he  chest,  cannot  be  affected  by  variations  in  atmospheric  pressure  ;  the 
mtire  venous  circulation  of  the  fcetus,  also,  is  independent  of  any  such 
r  igency.    Again,  it  has  been  shown  experimentally  by  Dr.  Arnott  and 
(i)thers  that  no  suction-power,  exerted  at  the  farther  end  of  a  long  tube, 
j:  vhose  walls  are  so  deficient  in  firmness  as  are  those  of  the  Veins,  can 
iccasion  any  acceleration  in  a  current  of  fluid  transmitted  through  it,  for 
|  he  effect  of  the  suction  is  destroyed  at  no  great  distance  from  the  point  at 
I  /hich  it  is  applied,  by  the  flapping  together  of  the  sides  of  the  vessels. 
I; :.  his  tendency  may  be  counteracted,  however,  as  Berard*  maintains,  by 
!|:irm  adhesions  of  the  external  surface  of  the  Veins  to  the  adjoining  parts  : 
I  uch  adhesions  undoubtedly  take  place  in  many  parts,  as  for  instance  in 
I  ne  Hepatic  and  Innominate  Veins,  and  in  the  lower  part  of  the  Jugular 
;|  ein;  and  therefore,  to  that  extent  at  least,  the  venous  circulation  must 
r;  influenced  by  the  respiratory  movements."]" — Another  agency  which 

I  *  "Coure  de  Physiologie,"  t.  iv.  p.  62. 

6  t  The  pressure  of  the  blood  in  the  veins  has  been  carefully  examined  by  MM. 
I  icobson  andRecklinghausen  (Virchow's  "  Archiv,"  Bd.  xxxvi.  p.  1),  who  found  it  to 
f  1 1  as  follows  in  the  sheep,  when  the  animal  was  breathing  naturally: — 

Left  vena  innominata  —  0"l  mm.  of  mercury. 

Right  subclavian  vein  —  01  „ 

Left  subclavian  vein  —  0"6  „ 

Right  jugular  vein  +0*2 

Left  jugular  vein  —  0/1 

External  facial  vein  ......     +  3"0 

Internal  facial  vein  +  5"2 

Brachial  vein  +  4'1 

Branch  of  the  brachial  vein     ...+90  „ 

Crural  vein  +11-4  about  4  inch  English. 

x  2 


i) 


308 


OF  THE  CIRCULATION  OF  THE  BLOOD. 


certainly  assists  the  venous  circulation  in  some  animals,  is  the  rhyth- 
mical contraction  of  the  walls  of  the  veins,  which  has  been  observed  to 
occur  8  to  10  times  per  minute  in  the  transparent  membrane  of  the 
wing  of  the  Bat,  the  amount  of  contraction  being  about  one-fourth 
of  the  diameter  of  the  vessel  (Wharton  Jones).  The  same  phenomenon 
has  been  observed  by  Schiff  in  the  Ear,  and  by  Wagner*  in  the  Iris 
of  the  rabbit.  It  has  also  been  shown  by  Mr.  Wharton  Jonesf  that 
the  Lppiphatic  Hearts  of  the  Eel  and  Frog  are  to  be  regarded  as  exert- 
ing an  auxiliary  agency  on  the  general  circulation,  propelling  their  con- 
tents at  certain  intervals  into  the  veins.  The  walls  of  these  hearts  are 
composed  of  unstriped  rhythmically  contractile  muscular  fibrils. 

272.  One  of  the  most  powerful  of  the  general  causes  which  influence 
the  Venous  circulation,  is  doubtless  the  frequently  recurring  pressure 
of  the  muscles  upon  their  trunks.    In  every  instance  that  Muscular 
movement  takes  place,  a  portion  of  the  Veins  of  the  part  will  undergo 
compression  ;  and  as  the  blood  is  prevented,  by  the  valves  in  the  veins, 
from  being  driven-back  into  the  small  vessels,  it  is  necessarily  forced 
on  towards  the  heart.    As  each  set  of  muscles  is  relaxed,  the  veins 
compressed  by  it  fill-out  again,  to  be  again  compressed  by  the  renewal 
of  the  force.    That  the  general  Muscular  movement  is  an  important 
agent  in  maintaining  the  circulation,  at  a  point  above  that  at  which  it 
would  be  kept  by  the  action  of  the  heart  and  arterial  system  alone, 
appears  from  several  considerations.    The  pulsations  are  diminished  in 
frequency  by  rest,  accelerated  by  exertion,  and  very  much  quickened 
by  violent  effort  (§  245  d).    In  all  kinds  of  exercise,  and  in  almost 
every  sort  of  effort,  there  is  that  alternate  contraction  and  relaxation  of 
particular  groups  of  Muscles,  which  has  been  just  mentioned  as  affect- 
ing the  flow  of  blood  through  the  veins ;  and  there  can  be  little  doubt 
that  the  increased  rapidity  of  the  return  of  blood  through  them,  is  o 
itself  sufficient  cause  for  the  accelerated  movements  of  the  heart.  When 
a  large  number  of  muscles  are  put  in  action  after  repose,  as  is  the  case 
when  we  rise  up  from  a  recumbent  or  a  sitting  posture,  the  blood  i 
driven  to  the  heart  with  a  very  strong  impetus ;  and  if  that  organ 
should  be  diseased,  it  may  arrive  there  in  a  quantity  larger  than  can  be) 
disposed-of;  so  that  sudden  death  may  be  the  result.    Hence  thej 
necessity  for  the  avoidance  of  all  sudden  and  violent  movements  on  thej 
part  of  those  who  labour  under  either  functional  disorder  or  structural 
disease  of  the  centre  of  the  circulation. 

273  The  Venous  circulation  is  much  more  liable  than  the  ArterialJ 
to  be  influenced  by  the  force  of  Gravity  ;  and  this  influence  is  particu-j 
larly  noticeable,  when  the  tonicity  of  the  vessels  is  deficient. — Th<| 
following  experiments  performed  by  Dr.  C.  J.  B.  Williams,!  to  elucidate! 
the  influence  of  deficient  firmness  in  the  walls  of  the  vessels,  and  o 
gravitation,  over  the  movement  of  fluids  through  tubes,  throw  gre 
light  on  the  causes  of  venous  congestion.  A  tube  with  two  equal  arm 
having  been  fitted  to  a  syringe,  a  brass  tube  two  feet  long,  havin 
several  right  angles  in  its  course,  was  adapted  to  one  of  them,  whilst  t 
the  other  was  tied  a  portion  of  a  rabbit's  intestine  four  feet  long,  and  c  4 

*  "  Archiv  f.  Ophthalmol.,"  Bd.  xii.  Heft  ii.  p.  1. 
t  "  Proceed,  of  the  Roy.  Soc,"  1868,  Nos.  98,  101,  and  102. 
%  "  Principles  of  Medicine,"  2nd  edit.,  p.  188. 
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I  calibre  double  that  of  the  brass  tube,  this  being  arranged  in  curvea  and 
I  coils,  but  without  angles  or  crossings.    When  the  two  tubes  were  raised 
t  to  the  same  height,  the  small  metal  tube  discharged  from  two  to  five 
|  times  the  quantity  of  water  discharged  in  a  given  time  by  the  larger 
[  but  membranous  tube ;  the  difference  being  greatest  when  the  strokes 
[  of  the  piston  were  most  forcible  and  sudden,  by  which  the  intestine  was 
I  much  dilated  at  its  syringe-end,  but  conveyed  very  little  more  water. 
pWhen  the  discharging  ends  were  raised  a  few  inches  higher,  the  diffe- 
[  rence  increased  considerably,  the  amount  of  fluid  discharged  by  the  gut 
being  much  diminished  ;  and  when  the  ends  were  raised  to  the  height 
of  eight  or  ten  inches,  the  gut  ceased  to  discharge,  each  stroke  only 
moving  the  column  of  water  in  it,  and  this  subsiding  again,  without 
rising  high  enough  to  overflow.  When  the  force  of  the  stroke  increased, 
l  the  part  of  the  intestine  nearest  the  syringe  burst. — From  these  ex- 
l  periments  it  is  easy  to  understand,  how  any  deficiency  of  '  tone  '  in  the 
[  Venous  system  will  tend  to  prevent  the  ascent  of  the  blood  from  the 
j  depending  parts  of  the  body,  and  will  consequently  occasion  an  in- 
creased pressure  on  the  walls  of  the  vessels,  and  an  augmentation  in  the 
I  quantity  of  blood  they  contain.    All  these  conditions  are  peculiarly 
,  favourable  to  the  escape  of  the  watery  part  of  the  blood  from  the 
small  vessels  ;  and  this  may  either  infiltrate  into  the  areolar  tissue,  or 
I  it  may  be  poured  into  some  neighbouring  serous  cavity,  producing 
dropsy.    Thus  it  happens  that  such  effusions  may  often  be  traced  to 
>  that  state  of  deficient  vigour  of  the  system,  which  peculiarly  manifests 
ikitself  in  want  of  tone  of  the  blood-vessels ;  and  that  it  is  relieved  by 
w  remedies  which  restore  this.  In  many  young  females  of  leuco-phlegmatic 
;  :emperament,  for  example,  there  is  a  tendency  to  swelling  of  the  feet,  by 
I  £dematous  effusion  into  the  areolar  tissue,  in  consequence  of  the  de- 
al pending  position  of  the  limbs ;  the  oedema  disappears  during  the  night, 
!  out  returns  during  the  day,  and  is  at  its  maximum  in  the  evening.  And 
irl:he  congestion  which  frequently  manifests  itself  in  the  posterior  parts  of 
he  body,  towards  the  close  of  exhausting  diseases  in  which  the  patient 
5 1  bas  lam  much  upon  his  back,  is  attributable  to  a  similar  cause ;  of  such 
I  congestion,  effusions  into  the  various  serous  cavities  are  frequent  results ; 
Imd  such  effusions,  taking  place  during  the  last  hours  of  life,  are  often 
I erroneously  regarded  as  the  source  of  death.    To  the  same  cause  we 
1  re  to  attribute  the  varicose  state  of  the  veins  of  the  leg,  which  is  so 
I  common  amongst  persons  of  relaxed  fibre,  and  especially  in  those  whose 
I  labits  require  them  to  be  much  in  the  erect  posture ;  and  this  distension 
I  >ccasionally  proceeds  to  complete  rupture,  the  causes  of  which  are  fully 
li.ilucidated  by  the  experiments  just  cited. 

6.  Peculiarities  of  the  Circulation  in  different  Parts. 

_  274.  In  several  portions  of  the  Human  body,  there  are  certain  varie- 
I  ies  in  the  distribution  and  in  the  functional  actions  of  the  blood-vessels, 
1  vhich  should  not  be  omitted  in  a  general  account  of  the  Circulation. — 
I  n  these,  we  have  in  the  first  place  to  notice  the  apparatus  for  the 
ulmonary  circulation ;  the  chief  peculiarity  of  which  is,  that  venous 
I  »Iood  is  sent  from  the  heart,  through  a  tube  which  is  arterial  in  its 
I  tructure,  whilst  arterial  blood  is  returned  to  the  heart,  through  a 
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vessel  whose  entire  character  is  that  of  a  vein.    The  movement  of  the 
blood  through  these  is  considerably  affected  by  the  physical  state  of  the 
lungs  themselves;  being  retarded  by  any  causes  which  can  occasion 
pressure  on  the  vessels  (such  as  over-distension  of  the  cells  with  air, 
obstruction  of  their  cavity  by  solid  or  fluid  depositions,  or  by  foreign  i 
substances  injected  into  them,  &c.) ;  and  proceeding  with  the  great 
energy  and  regularity  when  the  respiratory  movements  are  freely  per- 
formed.— The  Portal  circulation,  again,  is  peculiar,  in  being  a  kind  of 
offset  from  the  general  or  systemic  circulation,  and  also  in  being  des-  I 
titute  of  valves  ;  and  it  may  be  surmised  with  much  probability,  that  I 
the  purpose  of  their  absence  is,  to  allow  of  an  unusually  free  passage  of  I 
blood  from  one  part  of  that  system  to  another,  during  the  very  varying  I 
conditions  to  which  it  is  subjected. — Another  very  important  modifica-  I 
tion  of  the  Circulating  system,  is  that  which  presents  itself  within  the  I 
Cranium.    From  the  circumstance  of  the  cranium  being  a  closed  cavity,  I 
which  must  be  always  filled  with  the  same  total  amount  of  contents,  the  I 
How  of  blood  through  its  vessels  is  attended  with  some  peculiarities,  jj 
The  pressure  of  the  atmosphere  is  here  exerted,  rather  to  keep  the 
blood  in  the  head,  than  to  force  it  out ;  and  it  might  accordingly  be 
inferred,  that,  whilst  the  quantity  of  cerebral  matter  remains  the  same, 
the  amount  of  blood  in  the  cranial  vessels  must  also  be  invariable.  This  | 
inference  appeared  to  derive  support  from  the  experiments  of  Dr.  Kellie.*  I 
On  bleeding  animals  to  death,  he  found  that,  whilst  the  remainder  of 
the  body  was  completely  exsanguine,  the  usual  quantity  of  blood  re-  < 
mained  in  the  arteries  and  veins  of  the  cranium ;  but  that  if  an  I 
opening  was  made  in  the  skull,  these  vessels  were  then  as  completely! 
emptied  as  the  rest.    In  the  experiments  performed  by  Kussmaul  and! 
Tenner,f  it  was  found  on  trephining  the  skull  and  compressing  the! 
carotids,  that  the  brain,  especially  after  removal  of  the  dura  mater,  I, 
became  very  pale,  and  retreated  from  the  opening  to  so  great  an  extent! 
as  to  form  a  cup  2£  mm.  in  depth ;  whilst  on  releasing  the  pressure,  itjjj 
assumed  a  deep  rose  colour  and  became  convex.   When,  however,  they 
luted  a  piece  of  glass  air-tight  into  the  hole  made  by  the  trephine,  aslj  ? 
suggested  by  Donders,  the  phenomena  were  no  longer  the  same,  for  no| \ 
movement  of  any  kind  could  then  be  perceived  in  the  brain,  which  re-i 
mained  in  all  cases  immovably  in  contact  with  the  glass  plate ;  but  thel 
same  changes  in  the  tint  of  the  cerebral  substance,  on  checking  andl 
again  restoring  the  current  in  the  arteries,  were  observed.  Observa-I 
tions  of  a  similar  nature  were  made  by  Mr.  DurhamJ  and  Dr.  HanH 
mond,§  by  whom  it  was  noticed  that  the  condition  of  the  brain  varied 
to  a  remarkable  degree  in  the  sleeping  and  in  the  waking  states,  being  d 
paler  and  anasmic  in  the  former,  and  comparatively  congested  in  thej  i 
latter.    These  experiments,  therefore,  appear  to  furnish  indisputable! ; 
evidence  that  the  circulation  of  blood  through  the  Brain  varies  witlj 
the  general  conditions  of  the  vascular  system,  and  is  not,  as  Dr.  Kellie  i^ 
experiments  appeared  to  show,  independent  of  them.    Moreover,  uj 

*  "Edinburgh  Medico-Chirurgieal  Transactions,"  vol.  i. 
+  See  their  Essay  (Syd.  Soc.  translation,  p.  39  et  seq.,  1859). 
t  "  Guy's  flosp.  Rep.,"  I860,  p.  149.  ,  J  . 

§  "New  York  Med.  Journ.,"  1865,  quoted  in  the  'Physiology  of  Man,  oy  v  y 
Austin  -Flint. 
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disordered  states  of  the  circulation,  the  quantity  of  blood  in  the  vessels 
of  the  cranium  maybe  for  a  time  diminished  by  a  sudden  extravasation, 
either  of  blood  or  serum,  into  the  cerebral  substance ;  and  the  amount 
of  interior  pressure  upon  the  walls  of  the  vessels  may  also  be  consider- 
ably altered,  even  when  there  is  no  difference  in  the  quantity  of  fluid 
contained  in  them.*  It  seems  highly  probable  that  in  the  delicate  and 
extensive  system  of  capillaries  found  in  the  pia  mater  and  choroid 
plexus,  a  provision  is  made  by  which  a  large  quantity  of  cerebro-spinal 
lluid  can  be  effused  or  absorbed  in  a  short  space  of  time,  to  compensate 
for  sudden  changes  in  the  balance  of  the  circulation. 

l'7.").  The  Erectile  Tissues  present  another  curious  modification  of 
the  ordinary  vascular  apparatus.  The  chief  of  these  are  the  corpora 
cavernosa  in  the  penis  of  the  male,  and  in  the  clitoris  of  the  female ;  the 
collection  of  similar  tissues  round  the  vagina  and  in  the  nymphse  and 
uterus  (Rouget)  of  the  female  ;  and  the  nipple  in  both  sexes.  In  all 
these  situations,  erection  may  be  produced,  and  in  the  case  of  the  penis, 
emissio  seminis  may  be  effected,  by  local  irritation.  The  nerves  impli- 
cated in  producing  erection  in  the  Dog  were  found  by  Eckhardf  to  be, 
first,  the  Nn.  pudend.  communes  proceeding  from  the  sciatic  plexus,  and 
supplying  the  musculi  ischio-cavernosi,  the  corpora  cavernosa  of  the 
penis,  and  membranous  portion  of  the  urethra ;  and  second,  the  Nervi 
engentes  proceeding  from  the  sacral  nerves  and  entering  the  hypogastric 
plexus.  This  plexus  contains  minute  ganglia,  communicates  with  the 
posterior  mesenteric  plexus,  and  furnishes  branches  to  the  bladder,  pro- 
late gland,  rectum,  and  membranous  portions  of  the  urethra.  After 
division  of  the  former,  or  common  pudendal  nerves  in  the  Dog,  Eckhard 
found  it  impossible  to  produce  erection  of  the  penis  or  emission  of  semen 
|  by  direct  irritation  of  the  penis.  The  Nervi  erigentes  are,  however,  the 
chief  excitors  to  erection,  for  on  exposing  and  irritating  them,  swelling 
:  oi  the  penis,  gradually  proceeding  forwards  to  the  glans,  immediately 
commenced.  Erection  may  also  occur  as  a  result  of  certain  emotional 
conditions  of  the  mind,  the  influence  of  which  is  probably  transmitted 
through  the  Sympathetic  nerve,  as  it  may  be  experienced  even  in  cases 
of  paraplegia,  whilst  according  to  Legros,^:  after  section  of  the  sympa- 
thetic fibres  distributed  to  an  erectile  organ  no  erection  occurs.  The 
•  erectile  tissue  appears  essentially  to  consist  of  a  plexus  of  veins  with 
varicose  enlargements,  inclosed  in  a  fibro-muscular  envelope  with  tra- 
becular partitions  ;  the  contraction  of  which  is  doubtless  in  some  way 
concerned  in  the  result.  In  the  penis,  as  first  pointed-out  by  Prof, 
i  Muller,§  there  are  two  sets  of  arteries ;  those  of  one  set,  destined  for 
the  nutrition  of  the  tissues,  communicating  with  the  veins  in  the  usual 

*  The  results  of  the  experiments  of  Dr.  G.  Burrows  ("  Medical  Gazette,"  April 

+  u  r7'- 1843)  ful1^  connrm  the  views  stated  above, 
t    Beitrage  zur  Anat.  und  Phys.,"  Giessen.  1863,  and  1867,  p.  71. 
I  "  Gaz.  MeU  de  Paris,"  1866,  No.  6. 
,  |  Entdeckung  der  bei  der  Erection  wirksamen  Arterien,'  in  Miiller's  "  Arcbiv,'' 
law'  P"  2^l\  Xr®  views  of  Miiller,  though  opposed  by  Valentin  (Miiller's  "  Arcbiv," 

ltly  by  Rouget 
1863,  p.  120,) 
on  the  difficulty 
iuo  tiaucwiuiec,  u»»«  ueen  supported  by 
,1  goe^  authority  of  Henle  ("  Handbuch  d.  Mcnsch.  Auatom.,"  1866,  p.  402).  See 
also  Kobin,  pamphlet  "  On  the  Erectile  Tissues." 
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way,  through  a  capillary  network ;  whilst  the  others,  termed  by  him  the 
'  helicine  arteries,'  are  short,  tendril-like  branches,  which  project  into 
the  veins  (covered,  however,  by  their  lining  membrane),  sometimes 
singly,  and  sometimes  in  tufts,  ending  abruptly  by  dilated  extremities. 
It  was  maintained  by  Miiller,  that  the  dilated  ends  of  these  helicine 
arteries  communicate  directly  with  the  venous  cavities,  since  injection 
thrown  into  the  former  always  fills  the  latter,  although  no  distinct 
apertures  have  been  seen  in  them ;  and  Kolliker  states  that  he  has  fre- 
quently found  them  giving-off  delicate,  almost  capillary  vessels,  which 
discharge  themselves  into  the  venous  spaces. — The  proximate  cause  of 
the  erection  of  the  penis,  has  been  stated  by  some  to  be  the  action  of 
the  ischio-cavernosi  and  the  bulbo-cavernosus  muscles,  in  compressing 
the  veins  which  return  the  blood  from  the  penis ;  but  although  these 
muscles  probably  afford  assistance  in  completing  and  strengthening  the 
erection,  they  are  unable  to  effect  it  by  their  own  act ;  and  it  is  obvious 
that  no  analogous  power  can  be  exerted  in  other  erectile  organs,  the 
nipple  for  example. — It  is  maintained  by  Prof.  Kolliker,  that  the  office 
of  the  muscular  fibres  which  pass  in  every  direction  amongst  the  dilated 
veins,  is  to  keep  them  compressed  in  the  intervals  of  erection,  so  as  to 
prevent  them  from  being  distended,  by  the  vis  cb  tergo  of  the  blood ; 
and  that  the  stimulus  to  erection,  which  is  usually  conveyed  through 
the  nervous  system,  so  operates  upon  these  fibres  as  to  occasion  their 
relaxation,  whereby  the  free  distension  of  the  cavernous  veins  and  of 
the  arterial  diverticula  is  permitted.  He  refers,  moreover,  to  the  ex- 
cessive contraction  of  erectile  organs,  which  is  induced  by  cold,*  and  to 
the  effect  of  warmth  in  favouring  their  enlargement,  as  confirmatory  of 
this  view ;  and  considers  that  no  other  agency  is  required. — Now 
although  we  are  so  accustomed  to  consider  the  stimulus  of  innervation 
as  exerted  in  producing  muscular  contraction,  yet  since,  in  the  act  of 
Blushing,  there  is  undoubtedly  a  relaxation  of  the  muscular  walls  of  the 
blood-vessels  under  the  influence  of  emotional  excitement,  there  seems 
a  strong  analogical  probability  (at  any  rate,  no  a  priori  improbability) 
that  the  same  may  be  the  case  with  the  act  of  Erection.  Eckhard,  how- 
ever, suggests  that  instead  of  relaxation  of  the  circular,  there  may  be  con- 
traction of  the  longitudinal  muscular  fibres  of  the  arteries.  At  any  rate 
it  must  be  understood  that  the  act  of  erection  does  not  consist  of 
mere  passive  venous  congestion,  but  that  the  circulation  in  the 
whole  organ  is  greatly  increased  ;  Eckhard  stating  that  in  the  Dog 
he  obtained  eight  times  more  blood  from  the  veins  of  the  penis  at 
the  period  of  erection  than  during  the  intervals.  He  found  the  tension 
of  the  blood  in  the  femoral  artery  sank  during  erection. 

*  The  application  of  moderate  cold,  however,  (as  in  putting  on  a  clean  shirt,)  fre- 
quently occasions  erection  of  the  male  nipple. 
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CHAPTER  IX. 

.  OF  RESPIRATION. 


1.  Nature  of  the  Function:  and  Provisions  for  its  Performance. 

27 G.  The  Nutritive  fluid,  in  its  circulation  through  the  capillaries  of 
he  system,  undergoes  great  alterations,  both  in  its  physical  constitution 
nd  in  its  vital  properties.  It  gives-up  to  the  tissues  with  which  it  is 
rought  into  contact,  some  of  its  most  important  elements  ;  and  at  the 
ime  time  it  is  made  the  vehicle  of  the  removal,  from  these  tissues,  of 
igredients  which  are  no  longer  in  the  state  of  combination  that  fits 
lem  for  their  offices  in  the  Animal  Economy.  To  separate  these  in- 
redients  from  the  general  current  of  the  circulation,  and  to  carry  them 
at  of  the  system,  is  the  great  object  of  the  Excretory  organs ;  the  im- 
ortance  of  whose  respective  functions  will  vary,  it  is  very  evident,  with 
le  amount  of  the  ingredient  which  they  have  to  separate,  and  with  the 
sleterious  influence  which  its  retention  would  exert  on  the  welfare  of 
le  system  at  large.    Of  all  these  injurious  ingredients,  Carbonic  Acid 

without  doubt  the  one  most  abundantly  introduced  into  the  nutritive 
aid;  and  it  is  also  most  deleterious  in  its  effects  on  the  system,  if 

lowed  to  accumulate. — "We  find,  accordingly,  that  the  provision  for 
ie  removal  of  this  substance  from  the  blood  is  one  of  peculiar  extent 

id  importance,  especially  in  the  higher  forms  of  animals ;  and  further, 

at  instead  of  being  effected  by  an  operation  peculiarly  vital  (like  other 

ts  of  Excretion),  its  performance  is  secured  by  being  made  to  depend 
i:)on  simple  physical  conditions,  and  is  thus  comparatively  little  suscep- 
,)le  of  derangement  from  disorder  of  other  processes.  All  that  is 
:.:nnsite  for  it,  is  the  exposure  of  the  Blood  to  the  influence  of  the 
>  mospheric  air  (or,  in  aquatic  animals,  of  air  dissolved  in  water), 

rough  the  medium  of  a  membrane  that  shall  permit  the  '  diffusion  of 
I  ses ;  an  interchange  then  taking  place  between  the  gaseous  matters  on 
1 3  two  sides, — Carbonic  acid  being  exhaled  from  the  Blood,  and  being 
I  placed  by  Oxygen  from  the  air.  Thus  the  extrication  of  Carbonic 
I  a  is  effected  in  a  manner  that  renders  it  subservient  to  the  introduc- 
I  n  of  that  element  which  is  required  for  all  the  most  .active  manifesta- 
|  ns  of  vital  power;  and  it  is  in  these  two  processes  conjointly,  not  in 
I  her  alone,  that  the  function  of  Respiration  essentially  consists. — We 
I  til  n?W-  incluire  int0  tne  sources  from  which  Carbonic  acid  is  produced 
I  the  living  body,  and  the  causes  of  the  demand  for  Oxygen. 

.^nte  v^tal  activity  of  the  organism  at  large  involves  a  continual 
inge  in  its  constituent  parts ;  and  those  which  (so  to  speak)  live  the 

I  "iSfc>  usually  die  the  soonest,  and  pass  most  readily  into  decay  (chap. 

|  >ect.  1),  Hence  in  the  very  performance  of  the  Organic  functions 
1  ich  concur  to  effect  the  Nutrition  of  the  the  body,  there  is  a  constant 

I  r<Te  of  disintegration ;  and  one  of  the  chief  products  of  the  decay  of 

I I  — T?'  Whicn  is  consoquent  upon  their  loss  of  vitality,  is  Carbonic 
I  -—Thus  the  most  general  object  of  the  Respiratory  process,  which  is 
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common  to  all  forms  of  organized  being,  is  the  extrication  of  this  pro- 
duct from  the  system ;  and  the  demand  for  aeration  hence  arising,  will 
vary  with  the  activity  of  the  nutritive  operations.  Now  the  rate  of  life, 
and  consequently  the  amount  of  disintegration,  in  any  organized 
structvire,  depend  in  great  measure  upon  the  temperature  at  which  it 
is  maintained ;  and  thus  it  happens  that  the  production  of  Carbonic 
acid  from  this  source,  at  the  ordinary  rate  of  vital  activity,  is  much 
more  rapid  in  '  warm-blooded'  than  in  '  cold-blooded'  animals,  and  that 
the  former  suffer  far  more  speedily  than  the  latter  from  the  privation 
of  air.  But  when  the  temperature  of  the  Reptile  is  raised  by  external 
heat  to  the  level  of  that  of  the  Mammal,  its  need  for  respiration  increases, 
owing  to  the  augmented  waste  of  its  tissues.  When,  on  the  other  hand, 
the  warm-blooded  Mammal  is  reduced,  in  the  state  of  hybernation,  to  the 
level  of  the  cold-blooded  Reptile,  the  waste  of  its  tissues  diminishes  to 
such  an  extent,  ns  to  require  but  a  very  small  exertion  of  the  respiratory 
process  to  get  rid  of  the  carbonic  acid,  which  is  one  of  its  chief  products. 
And  in  those  animals  which  are  capable  of  retaining  their  vitality  when 
they  are  frozen,  or  when  their  tissues  are  completely  dried-up,  vital 
activity  and  disintegration  are  alike-  entirely  suspended,  and  conse- 
quently there  is  no  carbonic  acid  to  be  set-free. 

278.  But  another  source  of  Carbonic  acid  to  be  set-free  by  the  Respi- 
ratory process,  and  one  which  is  peculiar  to  animals,  consists  in  the  rapid 
changes  which  take  place  in  the  Muscular  and  Nervous  tissues,  in  th 
very  act  of  performing  their  peculiar  functions ;  the  development  of  th 
Muscular  and  of  the  Nervous  forces  involving,  as  the  very  condition  o 
their  production,  a  change  in  the  substance  of  these  tissues  respectively 
in  which  change  a  large  quantity  of  Oxygen  is  consumed,  and  a  larg 
amount  of  Carbonic  acid  is  generated.   Hence  in  Man,  as  in  all  Animals 
in  which  the  Nervo-Muscular  apparatus  constitutes  the  essential  part  o 
the  organism,  a  powerful  demand  for  Respiration  is  created  by  i 
activity ;  the  amount  of  oxygen  taken-in,  and  of  carbonic  acid  exhale 
being  determined,  cceteris  paribus,  by  the  degree  in  which  this  apparatu 
is  exercised. — That  Carbonic  acid  is  set-free  ready-formed  by  th 
muscles,  and  is  not  exclusively  generated  by  the  oxidation  of  the  pro 
ducts  of  their  disintegration  after  the  reception  of  these  into  the  bloo 
current,  has  been  shown  by  the  experiments  of  Dr.  G.  Liebig,*  wh 
found  that  carefully  prepared  frogs'  muscles  absorb  oxygen  and  exhal 
carbonic  acid  so  long  as  their  contractility  lasts,  even  when  they  ha 
been  completely  (  deprived  of  blood.     So  that,  in  this  instance, 
probably  in  all  others  of  its  kind,  the  first  interchange  of  gases  tak 
place  in  the  parenchyma  of  the  organs  themselves,  oxygen  being  dra 
by  them  from  the  blood,  and  carbonic  acid  being  imparted  to  it ;  ? 
the  converse  change  must  be  as  constantly  effected  in  the  lungs, 
order  that  the  circulating  medium  may  be  maintained  in  the  requisi 
state  of  purity,  f 

279.  Besides  these  sources  of  Carbonic  acid  which  are  common  to  a 

•  "  Bericht  d.  Akad.  d.  Wissensch.  zu  Berlin,"  1850,  §§  339-347. 

t  The  statement  of  MM.  Estor  and  St.  Pierre,  that  the  formation  of  carbonic :  au 
is  most  energetic  in  the  arterial  system  (Robin's  "  Journal  de  1' Anatomic,  <j 
p.  302),  has  been  refuted  by  Hirschmann,  Dubois-Rcymond  ("  Archiv,"  1866,  P- 
and  Hoppe-Seyler  ("  Med.  Chem.  Untersuch.,"  Berlin,  1867,  p.  295). 


GENERAL  STRUCTURE  OF  THE  RESPIRATORY  ORGANS.  315 


Animals,  there  is  another  which  is  restricted  (or  nearly  bo)  to  the  two 
highest  classes,  Birds  and  Mammals  ;  these  being  distinguished  by  their 
power  of  maintaining  a  constantly-elevated  temperature.    A  part  of 
his  Heat  is  generated  by  the  oxygenation  of  the  components  of  their 
utegrating  tissues,  and  of  their  blood,  the  metamorphosis  of  which 
takes  place  at  a  very  rapid  rate ;  but  where  this  is  not  sufficient,  their 
power  of  maintaining  their  temperature  depends  upon  the  direct  com- 
bination of  certain  elements  of  the  food  with  the  oxygen  of  the  air,  by 
the  combustive  process. — The  quantity  of  carbonic  acid  that  is  generated 
directly  from  the  elements  of  the  food,  seems  to  vary  considerably  in 
different  animals,  and  in  different  states  of  the  same  individual.  In 
the  Carnivorous  tribes,  which  spend  the  greater  part  of-  their  time  in  a 
state  of  activity,  it  is  probable  that  the  quantity  which  is  generated  by 
;he  waste  or  metamorphosis  of  the  tissues  is  sufficient  for  the  main- 
enance  of  the  required  temperature ;  and  that  comparatively  little  of  the 
.■arbonic  acid  set-free  in  respiration,  is  derived  from  the  direct  com- 
Dustion  of  the  materials  of  the  food.     But  in  Herbivorous  animals 
)f  comparatively  inert  habits,  the  amount  of  metamorphosis  of  the 
•  issues  is  far  from  being  sufficient ;  and  a  large  part  of  the  food,  con- 
sisting as  it  does  of  substances  that  undergo  combustion  with  great 
acuity,  is  made  to  enter  into  direct  combination  with  the  oxygen 
>f  the  air,  and  thus  to  compensate  for  the  deficiency.    In  Man  and 
•ther  animals,  which  can  sustain  considerable  variations  of  climate,  and 
an  adapt  themselves  to  a  great  diversity  of  habits,  the  quantity  of 
arbonic  acid  formed  by  the  direct  combination  of  the  elements  of  the 
ood  with  the  oxygen  of  the  air,  will  differ  extremely  under  different 
ireumstances.    It  will  serve  as  the  complement  of  that  which  is  formed 
i  a  other  ways;  so  that  it  will  diminish  with  the  increase,  and  will 
lcrease  with  the  diminution  of  muscular  activity.    It  will  also  vary  in 
In  inverse  ratio  to  the  external   temperature,  increasing  with  its 
kiminution  (as  more  heat  must  then  be  generated),  and  diminishing 
| ith  its  increase;  the  effect  of  external  heat  being  thus  precisely 
|  pposite,  in  the  warm-blooded  animal,  to  that  which  it  exerts  on  the 
I  Md-blooded  (§  277).— In  all  cases,  if  a  sufficient  supply  of  food  be  not 
I  Irrushed,  the  store  of  fat  is  drawn  upon ;  and  if  this  be  exhausted, 
I  ie  animal  dies  of  cold. 

■  280.  To  recapitulate,  then,  the  sources  of  Carbonic  Acid  in  the 
t'uinal  body  are  threefold. — i.  The  continual  decay  of  the  tissues 
I  )mmon  to  all  organized  bodies,  which  is  favoured  by  whatever  pro- 
tiotea  their  vital  activity,  and  is  retarded  by  every  influence  that 
Impresses  it. — n.  The  metamorphosis  peculiar  to  the  Nervous  and 
J  uscular  tissues,  which  is  the  very  condition  of  the  production  of  their 
I  wlh!  in(1  W*licil  tlierefore  bears  a  direct  relation  to  the  degree  in 
I  nich  they  are  exerted.— in.  The  direct  conversion  of  the  carbon  and 
I  rogen  of  the  food  into  carbonic  acid  and  water,  which  is  peculiar 
I  ■TOTJ'n~kl00<k<l  animals;  and  which  varies  in  quantity,  in  accordance 
I  ith  the  amount  of  heat  to  be  generated. 

1       •  The  activity  of  the  process  of  Respiration  in  any  Animal,  is,  as 
i  general  rule,  in  direct  proportion  to  the  smallness  of  the  Corpuscles 
T  its  blood;  for  these,  as  has  already  been  shown  (§  189),  are  the 
Hers  of  oxygen;  and  it  is  evident  that  a  given  weight  of  smaller 
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globules  will  offer  a  larger  surface  for  the  absorption  of  oxygen,  than 
an  equal  weight  of  larger  corpuscles.    Hence  in  Fishes  and  Reptiles, 
which  possess  large  corpuscles,  the  provision  for  the  aeration  of  the 
blood  is  much  less  perfect,  and  the  amount  of  oxygen  absorbed,  and  of 
carbonic  acid  eliminated,  is  considerably  smaller  than  in  the  case  of 
Mammals  and  Birds,  the  corpuscles  of  whose  blood  are  remarkably 
minute.    At  the  same  time  the  size  of  the  lungs  in  the  latter  classes  is 
far  less  in  proportion  to  their  bulk  than  in  most  Reptiles ;  but  this 
diminution  is  more  than  compensated  by  the  minute  subdivision  of  their  i 
cavities,  by  the  peculiarity  of  the  distribution  of  their  blood-vessels, 
and  by  the  arrangements  whereby  a  continual  and  rapid  interchange, 
both  of  the  blood  and  of  the  air,  is  provided  for. — The  following  are  I 
the  points  of  most  importance  in  the  structure  of  the  Human  Lung.*  • 
The  walls  of  the  bronchial  tubes  contain  distinct  longitudinal  and 
circular  layers  of  fibrous  structure ;  but  the  latter  alone,  according  to 
Prof.  Kolliker,  contain  muscular  fibre-cells.    These  tubes  divide  and 
subdivide,  like  the  branches  of  a  tree,  still  retaining  their  ordinary 
characters,  until  they  are  no  more  than  from  l-50th  to  l-30th  of  an 
inch  in  diameter  ;  and  in  these  the  longitudinal  and  annular  fibres, 
together  with  the  ciliated  epithelium,  come  to  an 
abrupt  termination.    At  a  short  distance  from  this 
point  (a,  Fig.  116)  each  tube  terminates  in  a  slight 
dilatation  (6),  into  which  open  a  number  of  orifices! 
leading  into  somewhat  elongated  cavities  (c)  termed  I 
by  Dr.  Watersj  "  Air-sacs."    From  six  to  eight  or* 
ten  of  these  sacs  are  clustered  round  the  extremityj 
of  every  bronchial  tube  :  they  possess  exceedingly!;  i 
delicate  walls,  and  do  not  appear  to  communicate!  i 
with  one  another,  otherwise  than  by  their  commonl 
origin  from   the  bronchial   tube.  J    They  gene-l; 
rally  increase  slightly  in  size  towards  their  closed  extremity,  andlj 
often  bifurcate.    The  internal  surface  of  every  sac,  and  even  of  theft 
bronchial  tube  for  a  short  distance  before  it  terminates,  presents  anj  i 
alveolated  or  honeycombed  appearance.    These  minute  depressions  (a  1  a 
constitute  the  Air- vesicles  of  the  Lung,  and  from  ten  to  twenty  may  btj  I 
counted  on  the  interior  of  each  air-sac. 

282.  The  walls  of  the  air-vesicles  are  formed  of  a  very  thin  anclj 
transparent  membrane  (fig.  117,  c),  which  is  folded  sharply  at  the  orifice*  j 
of  communication,  so  as  to  form  a  very  definite  border  to  them;  an"*! 
which  is  lined  by  an  epithelial  layer  (a),§  composed  of  minute  polygonal  t 
cells  of  from  1- 1600th  to  l-2250th  of  an  inch  in  diameter,  and  fronj 

*  For  an  account  of  the  principal  forms  of  Kespiratory  apparatus  among  the  lowel  j 
Animals,  see  "  Pkinc.  of  Comp.  Phys."  chap.  vi. ;  also  the  Memoir  by  Mr.  liainey  ij  i 
the  "  Med.-Chirurg.  Trans.,"  vol.  xxviii. ;  and  Prof.  Kblliker's  "  Manual  of  HiiniaJ  \ 
Microscopic  Anatomy,"  1860,  Lond.  For  excellent  general  accounts  of  the  struc~Hj 
of  the  Human  Lung,  see  Waters's  " Fothergillian  Essay,"  London,  1860;  and  Will 
liams  in  the  Supplement  of  the  "  Cycl.  Anat.  and  Physiology." 

f  "  The  Human  Lung,"  Fothergillian  Prize  Essay,  1860,  p.  133  et  seq.  J  i 

J  According  to  Dr.  Williams,  however,  the  passages  corresponding  to  Dr.  waters 
air-sacs  intercommunicate  freely  with  one  another,  though  not  with  those  spring"1 
from  other  bronchial  tubes.  ,  ^ 

§  The  presence  of  this  layer  of  epithelium  has  been  much  contested,  ana  m 
eminent  authorities  may  be  cited  on  both  sides.  See  Zenker  ("  Beitrage  zur  Anato 
der  Lunge,"  Dresden,  1862,  p.  11),  who  positively  denies  its  existence. 
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Fig.  117. 


l-2800th  to  l-3800th  of  an  inch  in  thickness.    Between  the  air-vesi- 
des  is  a  kind  of  trabecular  tissue,  which  seems,  whilst  containing  a  few 
muscular  fibres,*  to  be  chiefly 
composed   of  yellow  elastic 
ibres  (b) ;  and  some  of  these 
.ibres  also  coalesce  with  the 
inins:  membrane,  so  as  to  im- 
(i-Dart  to  it  increased  strength  ; 
;his  being  especially  the  case 
,  iround  the  apertures  of  com- 
munication between  the  con- 
tiguous air-cells.     It  is  only 
)etween  the  lobular  groups 
[  >f  air-vesicles  that  connective 
I  issue  exists  in  any  appreciable 
Quantity.  —  The  diameter  of 
[  he  Human  air-cells  is  about 
I  wenty  times  greater  than  that 
|  f  the  capillaries  which  are 
t  istributed  upon  their  parietes ; 
r  arying  (according  to  the  mea- 
|  urement  of  Weber)  from  the 
I -200th  to  the  l-70th  of  an 
I  ich.f    The  capillary  plexus 
L5g.  118)  is  so  disposed  be- 
|  veen  the  two  layers  which 
:  >rm  the  walls   of  two  ad- 
I  cent  air-cells,  as  to  expose 
<t  le  of  its  surfaces  to  each ; 


Air-cells  of  Human  Lung,  with  intervening  tissues  : — 
a,  epithelium;  b,  elastic  trabecules;  c,  membranous 
wall,  with  fine  elastic  fibres. 


Fig.  118. 


y  which  provision  the  full  influence  of  the  air  upon  it  is  secured. 
2twork  of  vessels  is  so  close,  that 
e  diameter  of  the  meshes  is 
arcely  so  great  as  that  of  the 
pillaries  which  enclose  them; 
deed  it  would  be  impossible  to 
■nceive  of  a  method,  by  which 
ood,  whilst  still  retained  within 
:ssels,  should  be  spread  over  a 
rger  surface  for  aeration.  And 
not  restricted  within  vessels,  it 
uld  notbe  ceaselessly  and  rapidly 
I  iven-on  by  the  propulsive  power 
the  heart,  which  acts  no  less 
iciently  upon  the  pulmonary  cir- 
lation  than  upon  the  systemic, 
hough  the  force  exerted 


The 


is 


Arrangement  of  the  Capillaries  of  the  air-cells 
of  the  Human  Lung, 


Hirschmann  and  Chrzonsczczewsky,  Virchow's  "  Arcliiv,"  1866,  p.  355. 
r  Ihe  dimensions  given  by  Moleschott  ("  De  Vcsiculis  Pulraonum  Malpighianis") 

very  much  less  than  these;  the  range  of  diameter  being  stated  by  him  at  between 
uuth  and  1-1 200th  of  an  inch.  The  Author's  own  observations,  however,  lead 
i  to  regard  Weber's  statement  as  very  near  the  truth ;  and  that  of  Prof.  Kblliker  as 
lost  precisely  the  same. 
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much  inferior,  the  resisting  power  being  far  less,  in  consequence 
of  the  shortness  of  the  circuit. — Two  systems  of  vessels,  the  pulmo- 
nary and  the  bronchial,  transmit  blood,  though  in  very  different 
proportions,  through  the  lungs.  In  the  former,  which  is  by  far  the 
largest,  the  blood  received  from  the  system,  deficient  in  oxygen  and 
charged  with  carbonic  acid,  is  propelled  by  the  right  ventricle 
through  the  pulmonary  artery  to  the  minute  plexus  of  capillaries  just 
described  on  the  walls  of  the  air-sacs  and  vesicles.  From  thence, 
having  undergone  aeration,  it  is  returned  to  the  left  auricle  of  the 
heart,  through  the  pulmonary  veins,  to  be  distributed  by  the  left 
ventricle  and  arterial  system  to  the  body  at  large.  The  smaller  system, 
which  has  been  particularly  examined  by  Prof.  Turner,*  consisting  of 
the  bronchial  arteries  and  veins,  with  numerous  minute  branches  of 
the  intercostal,  internal  mammary  and  other  arteries,  is  distributed  to 
the  parts  about  the  root  of  the  lung,  the  large  bronchial  tubes,  and  the 
pulmonic  pleura ;  some  of  its  capillaries  discharge  themselves  into  the 
corresponding  bronchial  veins,  whilst  others  terminate  in  the  pulmonary 
system,  and,  there  is  reason  to  believe,  play  an  important  part  in  main- 
taining the  circulation  in  cases  where  the  pulmonary  artery  has  been 
obliterated  by  disease.  Lymphatics  of  extremely  small  size  have  been 
described  by  Wywodzoff  f  as  originating  in  the  lacuna;  of  the  walls  of 
the  alveoli ;  on  quitting  which  they  gain  a  proper  coat  or  tunica  interna, 
and  are  subsequently  supplied  with  valves.  Cloetta  found  in  the  lung 
tissue  of  oxen,  inosite,  uric  acid,  taurin,  and  leucin,  besides  the 
ordinary  chemical  constituents  of  the  glandular  textures,  as  albuminous 
compounds,  collagen,  chondrin,  protagon,  elastin,  and  mucin.  In  the 
fetus,  the  tissue  of  the  lungs  contains  a  large  number  of  cells  rich  in 
glycogen,  which  exude  on  pressure  in  the  form  of  a  milk-white  fluid,  but 
which  are  not  found  except  under  pathological  conditions  in  the  adult. 

283.  The  fibrous  coat  of  the  bronchial  tubes  possesses  a  considerable 
amount  of  muscular  contractility,  which  (according  to  the  experiments 
of  Dr.  C.  J.  B.  Williams  J)  may  be  excited  by  electrical,  chemical,  or 
mechanical  stimuli,  applied  to  themselves.  This  contractility  resembles 
that  of  the  intestines  or  arteries,  more  than  that  of  the  voluntary  mus- 
cles or  heart ;  the  contraction  and  relaxation  being  more  gradual  than 
that  of  the  latter,  though  less  tardy  than  that  of  the  former.  It  is 
chiefly  manifested  in  the  smaller  bronchial  tubes,  those  of  less  than  a 
line  in  diameter  having  been  seen  to  contract  gradually  under  the 
stimulus  of  galvanism,  until  their  cavity  was  nearly  obliterated ;  on  the 
other  hand,  in  the  trachea  and  the  larger  bronchi,  the  cartilaginous  rings 
prevent  any  decided  diminution  in  the  calibre  of  the  tubes,  and  the  mus- 
cular structure  is  much  less  distinct.  It  is  doubtful  whether  the  con- 
tractility can  be  called  into  play  by  irritation  of  the  Pneumogastrics ; 
Volkmann§  and  Longet||  affirming  that  it  can,  whilst  Rosenthal^"  and 
Riigenberg**  maintain  that  if  a  manometer  be  inserted  into  the  trachea, 
irritation  of  the  peripheric  extremity  of  the  Vagus  never  produces  any 

*  "Med.-Chir.  Eev.,"  1865,  p.  209.        t  "  Wiener  Med.  Jahrb.,"  Bd.  xi.  p.  3. 

J  "  Keport  of  the  British  Association  for  1840,"  p.  411. 

§  Wagner's  "  Handworterhuch,"  Bd.  ii.,  Art.  '  Nervenphysiologie,'  p.  586. 

||  "  Anat.  et  Physiol,  du  Systeme  Nerveux,"  torn.  ii.  p.  289. 

IT  "Die  Athembewegungen,"  p.  232. 

**  "Studien  des  Phys.  Institut  zu  Breslau,"  1863,  p.  47. 
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increase  of  pressure,  which  would  certainly  occur  if  the  capacity  of  the 
bronchi  diminished.  It  is  remarked  by  Dr.  Williams,  that  the  contrac- 
tility of  the  bronchial  muscles  is  soon  exhausted  by  direct  stimulation ; 
but  that  it  may  in  some  degree  be  restored  by  rest,  even  when  the  lung 
is  removed  from  the  body.  When  the  stimulation  is  long  continued, 
however,  as  by  intense  irritation  of  the  mucous  membrane  during  life, 
the  contractile  tissue  passes  into  a  state  which  resembles  the  tonic  con- 
traction of  muscular  fibre.  The  contractility  is  greatly  affected  by  the 
mode  of  death,  and  is  remarkably  diminished  by  the  action  of  vegetable 
narcotics,  particularly  stramonium  and  belladonna  ;  whilst  it  seems  to 
be  scarcely  at  all  affected  by  hydrocyanic  acid. — These  facts  are  very 
important,  as  throwing  light  upon  certain  diseased  conditions.  It  has 
long  been  suspected,  that  the  dyspnoea  of  Spasmodic  Asthma  depends 
i  upon  a  constricted  state  of  the  smaller  bronchial  tubes,  excited  through 
;  the  nervous  system,  frequently  by  a  stimulating  cause  at  some  distance ; 

and  there  can  be  now  little  doubt  that  such  is  the  case.  The  peculiar 
:  influence  of  stramonium  and  belladonna,  in  diminishing  the  contractility 
.  of  these  fibres,  harmonizes  remarkably  with  the  well-known  fact  of  the 
h  relief  frequently  afforded  by  them  in  this  distressing  malady.  It  seems 
;  not  improbable  that  this  contractility  of  the  bronchial  tubes  may  serve 
p  to  regulate  the  supply  of  air  to  the  lobules,  in  accordance  with  the  wants 
I  of  the  system,  just  as  the  contractility  of  the  minute  arteries  regulates 
the  supply  of  blood  to  the  organs  to  which  they  proceed ;  and  it  may 
b  possibly  be  through  this  channel,  that  the  remarkable  variation  is  effected 
i  in  the  amount  of  respiration,  which  adapts  the  quantity  of  heat  produced 
f  to  the  depression  of  the  external  temperature  (§  279).  It  has  been 
i  further  suggested  by  Dr.  W.  T.  Gairdner,*  that,  the  contractility  of  the 
t  smaller  bronchi  may  serve  to  expel  collections  of  mucus  which  have  ac- 
V  cumulated  in  them,  and  which  neither  ciliary  action  nor  the  ordinary 
B  expiratory  efforts  suffice  to  displace. 

284.  Although  there  is  no  sufficient  reason  to  believe  that  the  lungs 
I  are  possessed  of  any  power  of  vital  contractility,  yet  their  elasticity, 
which  in  many  animals,  as  in  the  horse,  is  remarkably  increased  by  the 
dense  layer  of  elastic  tissue  by  which  they  are  invested,!  prevents  them 
from  being  altogether   passive  agents  in  tlje  respiratory  operation. 
I  DondersJ  estimates  the  expiratory  force  derived  from  the  elasticity  and 
I  muscular  tension  of  the  lungs,  and  coming  into  play  in  ordinary  respira- 
[  tion,  as  equal  to  a  pressure  of  about  5  oz.  on  the  square  inch  ;  but  the 
I  elastic  tension  is  rapidly  increased  by  the  dilatation  of  the  lungs  with 
k  air,  and  the  carefully-conducted  experiments  of  Dr.  Hutchinson§  led 
i  him  to  estimate  it  at  certainly  not  less  than  £  lb.  upon  each  square  inch 
■iof  surface,  when  the  lungs  have  been  filled  by  the  deepest  possible  in- 
mspiration;  so  that  its  whole  amount  (reckoning  an  average  surface  of 
If  300  sq.  in.  for  the  male,  and  247  sq.  in.  for  the  female)  will  be  not  less 
•  than  150  lbs.  for  the  male,  and  123£  lbs.  for  the  female.    This  force  is 
wexerted  in  aid  of  the  expiratory  movement,  and  is  directly  antagonistic 

*  "  Edinburgh  Monthly  Journal,"  May,  1851. 
I    +^See  G.  Gulliver,  note  to  Willis's  translation  of  Wagner's  "Physiology,"  1814, 

+  See  his  Essays  in  Henle  and  Pfeuffer's  "  Zeitsch.,"  Bd.  iii.  and  iv. 
[I    %  "Cyclop,  of  Anatomy,"  Art.  'Thorax,'  vol.  v.  p.  1058. 
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to  the  inspiratory ;  so  that  the  inspiratory  muscles  must  overcome  it,  in 
order  to  produce  complete  distension  of  the  pulmonary  cavities.  This 
distension  is  entirely  accomplished  by  the  action  of  the  muscles,  ex- 
ternal to  the  thorax,  or  partly  forming  its  parietes. 

285.  The  mechanism  of  the  respiratory  acts  may  be  rendered  clearly 
intelligible  by  the  accompanying  diagram,  in  which  the  trachea  and 
lungs  (5,  6,  Fig.  119)  are  enclosed  in  a  glass  vessel  with  three  openings. 


Fig.  119. 


Apparatus  constructed  by  Donders  to  show  the  Mechanism  of  Respiration. 

The  lower  opening  (2)  is  closed  by  a  bladder  or  piece  of  caoutchouc, 
representing  the  diaphragm,  and  capable  of  being  either  pushed  into  the 
cavity  of  the  vessel  or  of  being  drawn  down  by  a  weight.  The  upper 
opening  is  closed  by  a  cork,  through  which  a  glass  tube  (4),  firmly 
attached  to  the  trachea,  passes.  The  lateral  opening  (7)  is  connected 
with  a  manometer  (c,  d)  by  a  tube  (6),  having  a  small  lateral  branch  [a) 
opening  to  the  air.  If  the  openings  (a  and  4)  be  now  stopped  whilst 
the  bladder  is  extended  by  the  weight  (3),  the  rarefaction  of  the  air  in 
the  glass  vessel  will  be  made  apparent  by  the  rise  of  the  mercury  in  the 
arm  (c)  of  the  manometer.  It  is  obvious  that  the  pressure  of  the  air 
within  and  without  the  lungs  wiU  be  different,  and  consequently,  on 
opening  the  orifice  of  the  tube  (4)  air  will  rush  through  it  and  the 
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trachea  to  equalize  the  pressure  as  far  as  the  elasticity  of  the  lung  will 
permit.  Such,  with  the  exception  that  in  the  living  body  no  air  inter- 
venes between  the  surface  of  the  lung  and  the  walls  of  the  thorax,  and 
therefore  no  rarefaction,  but  only  a  tendency  to  a  vacuum  occurs,  are 
the  conditions  present  in  the  ordinary  act  of  inspiration.  On  the  con- 
trary, with  the  same  exception,  the  act  of  expiration  may  be  imitated  by 
pushing  the  bladder  into  the  vessel ;  for  then  the  pressure  on  the  ex- 
terior of  the  lungs  will  be  increased,  the  mercury  in  the  arm  (c)  of  the 
manometer  will  descend,  and,  aided  by  their  own  elasticity,  the  lungs 
will  contract  upon  and  drive  out  the  air  contained  within  their  cavities. 

286.  The  complete  dependence  of  the  expansion  of  the  Lungs  upon 
the  enlargement  of  the  cavity  of  the  chest,  is  well  shown  by  the  effect 
of  admission  of  air  into  the  pleural  cavity.  When  an  aperture  is  made 
on  either  side  (as  by  removing  the  finger  from  the  orifice  of  the  tube  a 
in  the  apparatus  represented  in  Fig.  119),  so  that  the  air  rushes-in  at 
each  inspiratory  movement,  the  expansion  of  the  lung  on  that  side  is 
diminished,  or  entirely  prevented,  in  proportion  to  the  size  of  the  aper- 
ture. If  air  can  enter  through  it  more  readily  than  through  the  trachea, 
an  entire  collapse  of  the  lung  takes  place;  and  by  making  such  an  aper- 
ture on  each  side,  complete  asphyxia  is  produced.  But  if  it  be  too 
small  to  admit  the  very  ready  passage  of  air,  the  vacuum  produced  by 
the  inspiratory  movement  is  more  easily  filled  by  the  distension  of  the 
lungs,  than  by  the  rush  of  air  into  the  pleural  cavity ;  so  that  a  suffi- 

j.  cient  amount  of  change  takes  place  for  the  maintenance  of  life.  This 
is  frequently  observed  in  the  case  of  penetrating  wounds  of  the  thorax, 
in  the  surgical  treatment  of  which  it  is  of  great  importance  to  close  the 

ii  aperture  as  completely  as  possible  ;  when  this  has  been  accomplished, 
the  air  that  had  found  its  way  into  the  cavity  is  soon  absorbed,  and  the 
■  lung  resumes  its  full  play.  Where  one  lung  is  obstructed  by  tubercular 
deposit,  or  is  prevented  in  any  other  way  from  rightly  discharging  its 

li  function,  an  opening  that  freely  admits  air  into  the  pleural  cavity  of  the 

I  other  side,  is  necessarily  attended  with  an  immediately-fatal  result ; 

j  and  in  this  manner  it  not  unfrequently  happens  that  chronic  pul- 

i  monary  diseases  suddenly  terminate  in  Asphyxia,  a  communication 
being  opened  by  ulceration  between  a  bronchial  tube  and  the  cavity 

1   of  the  thorax. 

287.  Of  the  Respiratory  Movements. — Every  complete  act  of  respira- 
1  tion  may  be  divided  into — 1 ,  Inspiration  ;  2,  Expiration.*    M.  Mareyy 

has  constructed  an  instrument  by  which  the  movements  of  respira- 
:  tion  can  be  registered,  and  to  which  he  has  applied  the  term  pneumo- 
,  graph  or  atmograph ;  it  consists  of  a  spiral  spring  enclosed  in  a  thin 
\   caoutchouc  cylinder,  the  extremities  of  which  are  connected  by  a  band 
passing  round  the  body.  A  lateral  tube  places  the  interior  of  the  cylinder 
i'  in  communication  with  the  registering  apparatus,  and  the  accompanying 

I'  '  The  pause  which  was  admitted  hy  Vierordt  and  others  to  occur  between  Expira- 
tion and  Inspiration,  has  heen  shown  hy  Riegel  ("  Wurzburg.  Med.  Gesell.,"  Bd.  vii. 
k^7'     ^21)'         a  Heh"registering  apparatus,  not  to  be  present,  at_ least  when  the 
I  body  is  in  a  horizontal  position.    Sibson,  Vierordt,  and  others  believe  they  have 
F  proved  that  the  duration  of  tho  inspiration  is  to  that  of  expirati  >n  as  10  : 14  in  the 
I  ihild,  femalo,  and  old  person,  and  as  10  : 12  in  tho  adult  malo ;  but  these  statements 
I  lardly  accord  with  the  tracing  shown  on  tho  next  page. 
T  "Revue  des  Cours  Scient.,"  1867,  p.  726. 
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cut  shows  a  tracing  taken  from  a  healthy  subject.  In  ordinary 
tranquil  breathing  (especially  in  children),  the  action  of  the  diaphragm 
is  alone  nearly  sufficient  to  produce  the  necessary  exchange  of  air ; 

Fio.  120. 


Tracing  of  the  respiratory  movements  in  a  healthy  man,  taken  by  M.  Marey's  Pneumograph. 


but,  when  a  full  inspiration  is  required,  the  cavity  of  the  chest  is  dilated 
laterally  and  antero-posteriorly,  as  well  as  inferiorly.  The  enlargement 
of  the  chest  in  both  these  directions  is  effected  by  the  elevation  of  the 
ribs;  for  whilst,  in  the  undilatcd  state  of  the  thorax,  the  ribs  form  an 
angle  with  their  cartilages,  which  become  less  and  less  obtuse  as  we  pass 
from  the  first  rib  downwards,  the  elevation  of  the  ribs  tends  to  bring 
them  and  their  cartilages  more  nearly  into  a  line,  and  thus  separates 
them  more  widely  from  the  median  plane,  and  at  the  pame  time  causes 
them  to  push  forward  the  sternum.  Owing  to  the  greater  length  of  the 
lower  true  ribs,  and  the  greater  obliquity  of  their  junction  with  their 
cartilages,  both  these  changes  are  more  considerable  in  the  lower  part 
of  the  thorax  than  in  the  upper;  and  this  is  especially  the  case  in  adult 
men,  whose  respiration  has  been  designated  as  '  inferior  costal,'  whilst 
in  females  the  mobility  of  the  first  rib  and  of  the  whole  of  the  upper  part 
of  the  thorax  is  greater,  so  that  their  respiration  may  be  designated 
as  4  superior  costal.' — The  thoracic  muscles  whose  contraction  partici- 
pates  in  the  ordinary  movements  of  Inspiration,  are,  according  to  Dr. 
Hutchinson,*  the  external  intercostal,  with  those  portions  of  the  internal 
intercostals  which  pass  between  the  cartilages,  the  levatores  costarum, 
and  a  portion  of  the  triangularis  sterni,  all  of  which  have  the  same 
action,  that  of  elevating  the  ribs.  On  the  other  hand,  the  thoracic 
Expiratory  muscles  are  the  proper  costal  portion  of  the  internal  inter- 
costals, with  the  infracostals,  and  a  part  of  the  triangularis  sterni.  The 
expiratory  movement  will  be  assisted  also  by  the  abdominal  muscles, 
which  antagonize  the  diaphragm  by  pressing-back  the  abdominal 
viscera,  and  thus  causing  its  ascent  so  soon  as  it  has  become  relaxed. 
There  are  many  accessory  muscles,  however,  which  take  a  share 
violent  respiratory  movements,  both  inspiratory  and  expiratory.  Tim 
all  the  muscles  which  elevate  the  scapula,  may  act  through  it  upon  th 
ribs,  and  the  scaleni  act  directly  upon  the  first  rib ;  whilst  all  thos 
which  erect  the  spine,  fix  more  perfectly  the  origins  of  these  and  othe 
muscles  which  are  to  act  upon  the  thorax.  So,  again,  the  expirator 
movement  is  aided  by  the  longissimus  dorsi,  sacro-lumbalis,  and  otherl 

*  Op.  cit.,  p.  1055.  See  Cleland,  "Journal  of  Anat.  and  Physiol.,"  vol.  i.  18G7J 
p.  209,  for  a  view  in  opposition  to  that  of  Mr.  Hutchinson,  but  the  points  of  which  it  if| 
difficult  to  state  succinctly. 


OF  THE  RESPIRATORY  MOVEMENTS. 


323 


muscles  which  tend  to  depress  the  ribs.  In  difficult  respiration,  almost 
every  muscle  in  the  body  is  made  in  some  way  subservient  to  the  dis- 
tension of  the  chest ;  thus,  a  patient  suffering  under  urgent  dyspnoea 
instinctively  lays  hold  of  some  fixed  object,  so  as  to  prevent  his  upper 
extremities  from  moving  ;  and  thus  his  scapula  becomes  a  fixed  point, 
from  which  the  pectorales  (major  and  minor)  and  serratus  magnus  can 
aid  in  elevating  the  ribs.  The  passage  of  air  into  and  from  the  lungs 
is  accompanied  by  a  peculiar  soft  blowing  sound,  termed  the  respiratory 
murmur  or  bruit.  The  act  of  inspiration  being  more  rapid  and  ener- 
getic than  that  of  expiration,  is  attended  by  a  louder  sound,  which  is 
most  distinctly  audible  in  young  children  and  in  thin  persons.  It  pro- 
bably arises  either,  as  Dr.  Salter*  suggests,  from  the  current  of  air 
striking  against  the  angles  of  division  of  the  bronchia,  or  as  indicated 
by  Dr.  Waters,-]'  from  a  slight  constriction  that  exists  at  the  mouth  of 
each  air  sac. 

288.  The  relative  amount  of  muscular  force  which  is  required  for  the 
two  respiratory  movements  respectively  is  affected  in  a  very  remarkable 
manner  by  the  elasticity  of  the  walls  of  the  thoracic  cavity  and  of  the 
lungs  themselves ;  for  this  (like  the  elasticity  of  the  lungs)  supplies  a 
force  which  greatly  aids  the  expiratory  movement,  whilst  it  offers  a  cor- 
:  responding  opposition  to  the  mspiratory.    Here,  also,  the  degree  of 
•  force  exerted  increases  very  rapidly  with  the  degree  of  distension. 
Thus  in  a  body  experimented-on  by  Dr.  Hutchinson, J  the  following 
were  the  relations  between  the  amount  of  air  forced-in,  the  resisting 
elasticity,  as  shown  by  the  height  of  mercury  supported,  the  actual 
■  pressure  upon  each  square  inch  of  surface  which  this  indicated,  and 
the  total  pressure  over  the  surface  of  the  chest,  reckoning  its  area  at 
.  206  square  inches  : — 

Cubic  inches.  Pressure  in (height    Pressure  Total 

of  Mercury.       per  sq  in.  pressure. 

Air  furced  in       70  Resisting  elasticity  1  -00  inch.  7'8  oz.  104'4  lbs. 

90         „           „        150    „  11-7  „  150-6  „ 

180         „           „        3  25    „  25-3  „  326"3  „ 

200         „            „        4-50    „  35-1  „  451-9  „ 

V.  To  this  451-9  lbs.  must  be  added  at  least  128  lbs.  for  the  elastic  force 
I  of  the  lungs  themselves  at  that  degree  of  distension,  making  altogether 

580  lbs. ;  and  as  the  subject  of  this  observation  could  expire  during  life 
|  considerably  more  air  than  the  highest  amount  forced  into  his  chest  after 
j  death,  there  can  be  little  doubt  (judging  from  the  rapid  ratio  in  which 

the  elastic  force  increases  when  the  distension  is  approaching  its  limits) 
r  that  the  muscular  power  required  to  overcome  this,  towards  the  close 

of  a  very  deep  inspiration,  could  not  have  been  less  than  1000  lbs.  The 
|  co-operation  of  the  elastic  resistance  with  the  expiratory  movement, 
|  and  its  antagonism  to  the  inspiratory,  is  doubtless  the  principal  cause 
I  why  the  power  of  the  expiratory  muscles,  as  tested  by  the  height  of  the 
|  column  of  mercury  supported  by  the  air,  should  always  be  greater  than 
\  that  of  the  inspiratory  muscles  ;§  and  why  the  expiratory  power  should 
I  be  very  much  greater  when  the  chest  has  been  well  filled  with  air,  than 

wnen  it  is  comparatively  empty.    The  following  is  given  by  Dr. 

*  Pamphlet  on  "  CauBe  of  Respiratory  Murmur,"  1864. 
t  "  Med.-Chir.  Rev.,"  1865,  p.  217.  t  Op.  tit.,  p.  1056. 

[j    §  See  Dr.  Hutchinson,  Op.  cit.,  p.  1061. 
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Hutchinson  as  the  range  through  which  these  powers  may  vary  within 
the  limits  of  health  : — 

Power  of  Power  of 

Intpimtorti  Muscle*.  Expiratory  Mit»cle$. 

15  inch.    Weak  2*0  inches. 

20    „      Ordinary  25  „ 

4  5    „      Remarkable  5  8  „ 

7"0    ,,      Very  extraordinary     ....    100  ,, 

The  expiratory  power  may  be  augmented  by  the  habitual  performance 
of  movements  in  which  they  participate  ;  and  thus  the  inspiratory  power 
is  the  preferable  test  of  the  vis  vita.  This  has  been  found  by  Dr. 
Hutchinson  to  bear  some  relation  to  height,  being  greatest  (on  an 
average  of  a  considerable  number  of  cases)  when  the  stature  is  5  feet  7 
or  8  inches;  and  diminishing  above  that  height,  as  well  as  below  it. 
Fick  estimates  that  the  work  accomplished  in  effecting  the  inspiration 
of  600  c.c.  is  equivalent  to  0*63  kilogrammeter,  and  Prof.  Hanghton 
estimates  the  daily  work  of  the  respiratory  muscles  at  21  foot-tons.* 

289.  It  is  impossible  to  form  a  correct  estimate,  by  observations  on 
one's-self,  of  the  usual  number  and  extent  of  the  respiratory  movements ; 
since  the  direction  of  the  attention  to  them  is  certain  to  increase  their 
frequency  and  amount.  In  general  it  maybe  stated,  that  from  1G  to  20 
alternations  usually  occur  in  a  minute  \\  of  these,  the  ordinary  inspira- 
tions involve  but  little  movement  of  the  thorax;  but  a  greater  exertion 
is  made  at  about  every  fifth  recurrence.  According  to  Quetelet,  the 
infant  at  birth  breathes — 

44  times  per  minute. 

At  5  years  of  ngc  20  „ 

„  15  to  20    20  „ 

„  20  „  25  18-7 

„  25  „  30  16 

„  30  „  50  18-1  „ 

The  average  numerical  proportion  of  the  respiratory  movements  to  th 
pulsations  of  the  heart,  is  about;  1 :  5,  1  :  4|,  or  1:4;  and  when  tin 
proportion  is  widely  departed-from,  there  is  reason  to  suspect  som 
obstruction  to  the  aeration  of  the  blood,  or  some  disorder  of  the  nervo  - 
system.^  Thus  in  Pneumonia,  in  which  a  greater  or  less  amount  of  th 
lung  is  unfit  for  its  office,  the  number  of  respirations  increases  in  a  mor 
rapid  proportion  than  the  acceleration  of  the  pulse ;  so  that  the  rati 
becomes  as  1  to  3,  or  even  1  to  2,  in  accordance  with  the  degree  of  en 
gorgement.§  In  Hysterical  patients,  however,  a  similar  increase,  o 
even  a  greater  one,  may  take  place  without  any  serious  cause;  thu 
Dr.  Elliotson||  mentions  a  case  in  which  the  respiratory  movements  of 
young  female,  through  a  nervous  affection,  were  98  or  even  10G,  whil 
the  pulse  was  104.   On  the  other  hand,  the  respiration  in  certain  typhoi 

*  Lecture  delivered  at  the  Meeting  of  Brit.  Med.  Assoc.  at  Oxford,  August,  1868 

f  See  Dr.  Hutchinson's  Table,  in  "  Cyclop,  of  Anat.  and  Phys.,"  vol.  iv.  p.  1085. 

X  V.  Ghert  has  shown  that,  during  violent  exertion,  tho  respirations  increase 
frequency  more  than  the  pulsations;  but  that  in  tho  subsequent  period  of  rest,  the  l 
creased  activity  of  tho  cardiac  movements  is  more  persistent  than  that  of  t 
respiratory.  .. 

§  Seo  a  Paper  by  Dr.  Hooker,  an  abstract  of  which  will  be  found  in  the  "  linn 
and  Foreign  Medical  Review,"  vol.iv.  p.  263. 

||  "  Physiology,"  p.  215,  note. 
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conditions  and  in  narcotic  poisoning  becomes  abnormally  slow,  owing  to 
the  torpid  condition  of  the  nervous  centres,  the  proportion  being  1  to  6, 
or  even  1  to  8 ;  and  in  such  cases  the  lungs  not  unfrequently  become 
(edematous,  from  a  cause  hereafter  to  be  mentioned  (§301).  M.  Marey* 
believes  it  may  be  shown  that  the  frequency  of  the  respiratory  acts 
are,  as  in  the  analogous  case  of  the  heart,  almost  always  diminished 
whilst  they  are  at  the  same  time  rendered  deeper  by  the  existence  of 
any  obstacle  to  their  due  performance  ;  so  that  there  is  an  evident 
attempt  made  to  effect  within  certain  limits,  the  introduction  of  the 
same  quantity  of  air  into  the  lungs  in  a  given  time ;  and  in  an  ingenious 
instrument  he  has  devised,  where,  by  the  reversal  of  a  valve,  difficulty 
of  breathing  may  be  induced  either  during  inspiration  or  expiration,  he 
has  observed  that  that  act  is  prolonged  in  which  the  dyspnoea  is  made 
to  occur. 

290.  Not  only  the  rate  of  the  Respiratory  movements,  but  also  their 
extent,  is  affected  by  various  morbid  conditions;  thus  when  dislocation 
of  the  spine  takes  place  above  the  origin  of  the  intercostal  nerves,  but 
below  that  of  the  phrenic,  so  that  the  former  are  paralysed,  the  respira- 
tory movement  is  confined  to  the  diaphragm  :  and  as  this  is  insufficient, 
serum  is  effused  into  the  lungs,  and  a  slow  Asphyxia  supervenes,  which 
usually  proves  fatal  in  from  three  to  seven  days.  Even  where  the 
muscles  and  nerves  are  all  capable  of  action,  the  full  performance  of  the 
inspiratory  movements  is  prevented  by  the  solidification  or  engorge- 
ment of  any  part  of  the  lung,  which  interferes  with  its  free  distension  ; 
or  by  adhesions  between  the  pleural  surfaces,  which  offer  a  still  more 
direct  impediment.  When  these  adhesions  are  of  long  standing,  they 
are  commonly  stretched  into  bands,  by  the  continual  tension  to  which 
they  are  subjected.  If  the  impeding  cause  affect  both  sides,  the  move- 
ments of  both  will  be  alike  interfered-with ;  but  if  One  side  only  be 
affected,  its  movements  will  be  diminished,  whilst  those  of  the  other 
remain  natural ;  and  the  physician  hence  frequently  derives  an  indica- 
tion of  great  value,  in  regard  to  the  degree  in  which  the  lung  has 
become  incapable  of  performing  its  functions.  It  is  to  be  remembered, 
however,  that  the  action  both  of  the  diaphragm  and  of  the  elevators  of 
the  ribs  may  be  prevented,  by  pain  either  in  the  muscles  themselves  or 
in  the  parts  which  they  move  ;  thus  the  descent  of  the  diaphragm  is 
checked  by  inflammation  of  the  abdominal  viscera  or  of  the  peritoneum ; 
and  the  play  of  the  intercostals  by  rheumatism,  pleuritis,  pericarditis,  or 
other  painful  disorders  of  the  parts  forming  the  parietes  of  the  thorax. 

291.  We  have  now  to  inquire  into  the  mode  in  which  the  Muscular 
movements  of  respiration  are  kept-up  by  nervous  power. — There  can 
be  no  doubt  that  these  movements,  though  partly  under  the  control  of 
the  Will,  are  essentially  1  automatic'  in  their  nature.  Their  chief  centres 
consist  of  two  ganglia  placed  on  either  side  of  the  point  of  the  Calamus 
feenptorius,  and  connected  by  a  grey  commissure  :f  corresponding  there- 
fore to  the  origins  of  the  Pneumogastric  Nerves,  which  are  the  principal 
cxcitor  nerves  that  convey  the  stimulus  on  which  the  movements  are 

'  Memoires  de  la  Soc.  dc  la  BioWie,"  1865,  p.  175. 

u 

p. 


—  uc  lit  OIIU.  UU  III  OlOJOglU,      100O,  p.   I  /O. 

iqIi  Jj0»get  ("  Phvsiologie,"  1861,  vol.  ii.  p.  396),  Flourcns  ("  Comptes  RcnduR,'' 
1  o  '„P'  P7<  aud  1858)>  Brown-S&iuard  ("Journal  de  la  Physiologic,*  vol.  i.  1858, 
P-  "2),  8cln^("  Physiologic,"  18  9,  p.  323). 
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dependent,  whilst  from  the  adjacent  parts  of  the  Medulla  Oblongata  and 
Spinalia  proceed  the  chief  motor  nerves  by  which  they  are  carried  into 
eil'ect.  And  thus  it  happens  that  the  whole  of  the  Encephalon  may  be 
removed  from  above,  and  the  Spinal  cord  (as  far  up  as  the  origin  of  the 
phrenic  nerve)  from  below,  without  suspending  the  most  essential  of  the 
respiratory  movements.  But  other  parts  of  the  automatic  centres  are 
concerned  in  the  ordinary  movements  of  respiration ;  and  there  is  pro- 
bably no  part  that  may  not  be  excited  to  action,  by  the  extraordinary 
stimulus  which  results  from  a  prolonged  interruption  to  the  aeration  of 
the  blood  (§  287). 

292.  The  chief  "  excitor"  of  the  respiratory  movements  is  unquestion- 
ably the  Pneumogastric  Nerve.    But  as  the  movements  of  respiration 
consist  of  an  inspiratory  and  an  expiratory  act,  each  of  which  may  be 
induced  by  its  appropriate  stimulus,  so  it  appears  that  a  double  function 
is  attributable  to  these  nerves;  and  thatwhilst  irritation  of  theirpulmonary 
branches  leads  to  contraction  of  the  diaphragm,  and  therefore  to  an  act  of 
inspiration,  irritation  of  the  sensory  branches  of  the  superior  laryngeal 
nerve  induces  relaxation  of  the  diaphragm  and  contraction  of  the  expi- 
ratory muscles,  as  may  be  observed  in  the  energetic  act  of  expiration 
produced  by  the  contact  of  a  foreign  body  with  the  extremely  sensitive 
lining  membrane  of  the  Larynx. — The  effects  of  section  of  the  Vagi 
appear  to  differ  considerably  in  different  animals.    When  made  on  one 
side,  the  effects  are  not  constant;*  but  when  the  nerves  are  divided  on  both 
sides,  according  to  the  experiments  of  Dr.  J.  Reid,|  the  number  of  respi- 
ratory movements  in  dogs  is  considerably  diminished,  usually  by  about 
one-half.    Rosen  thai  J  found  that  after  double  section  in  pigeons  the  fre- 
quency of  the  respirations  fell  in  the  proportion  of  8  :  1.    The  depth  of 
each  inspiration  increased,  however,  as  1  :  2-5  ;  the  respiratory  activity, 
therefore,  Avas  altogether  diminished  to  about  one-third  of  its  original 
amount.    The  effect  of  the  double  section  in  rabbits  was  found  both  by 
Rosenthal  and  Gilchrist  to  be  uncertain,  though  generally  speaking  there 
was  no  material  alteration ;  the  diminution  in  the  frequency  of  the  ac' 
being  compensated  for  by  a  proportionate  increase  in  the  depth  of  eac 
inspiration,  which  at  the  same  time  assumed  a  sudden  and  spasmodi 
character,  with  long  intervening  pauses.    The  trunks  of  the  Pneum~ 
gastric  Nerves  are  not  endowed  with  much  sensibility  ;  for  if  pinched  o 
pricked,  the  animal  does  not  exhibit  nearly  such  acute  signs  of  pain  a 
when  the  trunks  of  the  ordinary  spinal  nerves  or  of  the  Fifth  pair  ar 
subjected  to  similar  treatment.  The  effects  of  the  application  of  a  feebl 
electrical  stimulus  to  the  central  end  of  a  divided  Pneumogastric  nerv 
was  observed  by  Rosenthal  to  be  followed  by  slight  acceleration  of  tli 
respiratory  movements, — in  effecting  which,  both  the  inspiratory  an 
expiratory  muscles  participated  ;  but  if  the  stimulus  were  increased 
strength,  tetanus  of  the  diaphragm  supervened,  followed,  when  the  nerv 
was  exhausted,  either  by  complete  relaxation  of  the  muscle,  or  by  a  kin 
of  vibratory  movement  in  its  fibres. 

293.  The  cause  of  the  movements  of  respiration  has  generally  bee 
attributed  to  the  excitation  of  the  pulmonary  branches  of  the  pneumo 

*  Gilchrist,  "  Med.-Chir.  Rev.,"  1858,  vol.  ii.  p.  495. 

t  "  Edinb.  Med.  and  Surg.  Journ.,"  vol.  li. ;  and  "Phyfi.,  Anat.,  and  Pathol.  Pes., 
p.  177.  X    Comptes  Rendus,"  1861,  p.  754. 
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gastrics,  occasioned  either  by  the  circulation  of  venous  blood  in  the 
capillaries  of  the  lungs,  or  to  the  presence  of  carbonic  acid  in  the  air 
cells.  Of  late,  however,  it  has  been  suggested  that  the  exciting  cause 
in  operation  is  not  so  much  the  presence  of  carbonic  acid  as  the  de- 
ficiency of  oxygen.  The  former  view  is  supported  by  the  experiments 
of  Traube,*  who  found  that  when  animals  were  made  to  breathe  a, 
mixture  of  28  per  cent,  of  carbonic  acid,  32  per  cent,  of  oxygen,  and 
40  percent,  of  nitrogen,  dyspnoea  was  induced,  the  respirations  becoming 
fuller  and  more  prolonged,  showing  that  carbonic  acid  exerts  a  stimulant 
influence  on  the  pneumogastrics.  The  observations  of  Czermak,f 
Pfliiger,J  and  Schwartz, §  favour  the  second  view,  for  they  found  that 
the  respiratory  movements  become  weaker  in  proportion  as  there  is 
more  oxygen  in  the  blood,  ceasing  altogether  Avhen  the  proportion  rises 
to  a  certain  amount,  whilst  proportionally  to  the  deficiency  of  oxygen 
in  the  blood  the  respiratory  movements  become  stronger,  provided  that 
the  function  of  the  respiratory  centres  is  not  too  seriously  impaired  : 
whilst  in  neither  case  was  the  frequency  materially  altered.  Hence  also 
the  respiration  of  indifferent  gases  such  as  hydrogen  or  nitrogen  induces 
dyspnoea  ||  It  is  by  no  means  improbable  that  both  conditions  aid  in 
inducing  the  respiratory  movements,  and  that  whilst  carbonic  acid  is 
the  stimulus  to  the  pneumogastric  nerves  and  to  the  respiratory 
nervous  centres,  these  parts  are  unable  to  respond  to  those  impressions 
and  to  originate  motor  impulses,  unless  duly  supplied  with  oxygenated 
blood. 

29  f.  But  why  (it  may  be  asked)  do  the  movements  continue,  when  the 
Pneumogastrics  have  been  divided,  and  theEncephalonhas  beenremoved? 
It  is  evident  that  there  must  be  other  excitors  to  the  action  of  the  respi- 
ratory muscles.  Amongst  these,  the  nerves  distributed  to  the  general 
surface,  and  particularly  to  the  face,  probably  perform  an  important  part ; 
and  in  exciting  the  first  inspiration,  the  Fifth  pair  seems  an  important 
agent.  It  has  long  been  a  well-known  fact,  that  the  first  inspiratory 
effort  of  the  new-born  infant  is  most  vigorously  performed  when  the  cool 
external  air  comes  into  contact  with  the  face  ;  and  that  impressions  on 
the  general  surface,  such  as  a  slap  of  the  hand  on  the  nates,  are  often 
effectual  in  exciting  the  first  inspiratory  movements,  when  they  would  not 
otherwise  commence.  Dr.  M.  Hall  relates  an  interesting  case,  in  which 
the  first  inspiration  was  delayed,  simply  because  the  face  was  protected 
oy  the  bed-clothes  from  the  atmosphere  and,  on  lifting-up  these,  the  in- 
fant immediately  breathed.  Dr.  M.  Hall  has  also  mentioned  the  important 
lact,  that  although,  if  the  cerebrum  be  removed,  and  the  pneumogastrics 

*  "Allgem.  Medic.  Centralbl.,"  1862,  Nos.  38  and  39,  as  well  as  by  those  of  Thivy, 
Kecueil  des  Travaux  de  la  Soc.  Med.  Allemande  de  Paris,"  1865,  and  Dahmcn, 
Untersuch.  aus  den  Phys.  Lab.  zu  Bonn,"  1865,  p.  83. 
t  "  Centralblatt,"  Jan.  3,  1866. 

t  ,«  J"ger's. "  Archiv  f.  gesammte  Physiol.,"  1868,  Bd.  i.  p.  61. 
S    Lin  Beitrage  zu  Lehre  von  den  Einwirkung  des  Geburts-actes  auf  die'  Fruclit." 
I  p  counter  argument  to  this,  however,  may  be  found  in  die  experiments  of  Ludwig 
th .  »  u   T "  Wiener  Sitzungsberichte,"  Bd.  xlviii.  Dec.  1862,  wlm  h  showed 


fill  1      i  eliminates  more  carbonic  acid  in  a  chamber  filled  with  oxygen  than  in  one 
ea  w,th  0tner  gases,  or  even  in  vacuo  :  whence  it  follows  that  the  respiration  of 
rW°gf-n        not  Pcni"t  the  elimination  of  carbonic  acid  to  tbe  same  extent  as  the 
Tr.<  M        air'  and  therefore  loads  to  its  accumulation  in  the  blood. 
II    JNuw  Memoir  on  the  True  Spinal  Marrow,"  &c,  p.  29. 
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divided,  in  a  young  kitten,  the  number  of  acts  of  respiration  will  be 
reduced  to  four  in  a  minute,  yet  by  directing  a  stream  of  air  on  the 
animal,  or  by  irritating  various  parts  of  the  general  surface,  we  may 
excite  twenty  or  thirty  acts  of  respiration  within  the  same  space  of  time. 
He  further  remarks  that  in  the  very  young  warm-blooded  animal,  as  in 
the  cold-blooded  animal,  ihe  phenomena  of  the  excito-motor  power  are 
far  more  vividly  manifested  than  in  the  older  and  warm-blooded.  In 
the  very  young  kitten,  even  when  asphyxiated  to  insensibility,  every 
touch,  contact,  or  slight  blow,  every  jar  of  the  table,  any  sudden  im- 
pression of  the  external  air,  or  that  of  a  few  drops  of  cold  water,  induces 
at  once  energetic  reflex  movements  and  acts  of  inspiration.  This  may 
be  looked  upon  as  Nature's  provision  for  the  first  establishment  of  the 
respiratory  function  in  the  new-born  animal. — But  the  influence  of  the 
nerves  of  the  general  system  is  by  no  means  wanting  in  the  adult ;  as 
m;my  familiar  facts  demonstrate.  Thus  every  one  knows  that  the 
first  plunge  into  cold  water,  or  the  first  descent  of  the  streams  of  the 
shower-bath,  or  even  the  dashing  of  a  glass  of  cold  water  in  the  face,  will 
produce  inspiratory  efforts  ;  and  this  fact  has  many  important  practical 
applications.  Thus  in  the  treatment  of  Asphyxia,  whether  congenital, 
or  the  result  of  narcotic  poisoning,  drowning,  &c.,  the  alternate  appli- 
cation of  cold  and  heat  is  found  to  be  one  of  the  most  efficacious  means 
of  restoring  the  respiratory  movements ;  and  a  paroxysm  of  hysteric 
laughter  may  be  cut-short  by  dashing  a  glass  of  cold  water  in  the  face. 
One  of  Dr.  Keid's  experiments  strikingly  demonstrates  the  variety  of  the 
provisions  that  have  been  made  forthe  performance  of  this  function.  After 
dividing  the  pneumogastrics,  and  removing  the  cerebrum  and  cerebellum, 
he  divided  the  spinal  cord  high-up  in  the  neck,  so  as  to  cut-off  the  com- 
munication between  the  spinal  nerves  and  the  Medulla  Oblongata;  and  he 
found  that  the  frequency  of  the  respiratory  movements  was  still  further 
diminished,  although  they  were  not  even  then  entirely  suspended ;  their 
continuance,  after  every  channel  of  excitation  appeared  to  have  been  cut 
off,  being  probably  dependent  (as  he  himself  suggested)  on  the  circulation 
of  imperfectly-aerated  blood  in  the  Medulla  Oblongata.*  M.  Brown- 
Sequardfhas  lately  paid  particular  attention  to  the  rhythmical  movements 
of  the  Diaphragm  in  Rabbits,  which  are  observed  to  occur  after  section 
of  the  phrenic  nerves,  and  even  after  destruction  of  the  entire  Spinal  Cord. 
He  attributes  them  to  the  minute  ganglia,  described  by  Rouget,  which  are 
found  on  the  filaments  of  the  Phrenic  nerve.  It  is  very  remarkable  that 
after  such  serious  injury  to  the  nervous  system,  the  two  sides  of  the 
Diaphragm,  which  are  chiefly  connected  by  tendon,  should  act  synchro- 
nously; and  also  that  the  inspiratory  movements  of  the  Diaphragm  should 
regularly  alternate  with  those  of  the  expiratory  muscles,  which  in  Rabbits 
are  chiefly  the  external  oblique  muscles  of  the  abdomen. — It  seems  not 
improbable  that  even  the  Sympathetic  nerve,  which  derives  many  fila- 
ments from  the  Cerebro- Spinal  system,  and  which  especially  communi- 
cates with  the  Pneumogastric  nerves,  may  be  one  of  the  excitors  to  this 
function  ;  and  this,  perhaps,  not;  only  through  its  ramifications  in  the 
lungs,  which  are  considerable,  but  also  by  its  distribution  on  the  systemic 

*  This  is  fully  borne  out  by  the  observations  of  Kussmaul  and  Tenner  on  ligature 
of  the  carotids.    See  also  Rosenthal,  "  Die  Atbeinbewegungcn,"  1862,  p.  147. 
f  "  Journ.  de  la  Physiol., "  t.  ii.  p.  115. 
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vessels ;  so  that  it  may  convey  to  the  Spinal  Cord  the  impression  of 
imperfectly-arterialized  blood  circulating  through  these,  such  as  the 
Pneumogastric  is  believed  to  transmit  from  the  lungs. 

2(J5.  The  motor  or  '  efferent'  nerves  concerned  in  the  function  of 
Respiration,  are  those  which  Sir  C.  Bell  has  grouped- together  in  his 
1  respiratory  system.'  The  most  important  of  these,  the  Phrenic,  arises 
from  the  upper  part  of  the  Spinal  Cord ;  the  Intercustals  much  lower 
down ;  whilst  the  Facial  nerve  and  the  Spinal  Accessory,  to  the  latter  of 
which,  as  will  be  shown  hereafter  (chap.  xiii.  sect.  2),  the  motor  powers 
of  the  Pneumogastric  are  chiefly  due,  take  their  origin  in  the  Medulla 
Oblongata  itself. 

29G.  That  the  respiratory  movements,  as  ordinarily  performed,  are 
essentially  independent  of  the  Will,  appears  not  only  from  our  own  con- 
sciousness, but  also  from  cases  of  paralysis  ;  in  some  of  which  the  power 
of  the  will  over  the  muscles  has  been  lost,  whilst  the  movements  have 
been  kept-up  by  the  reflex  action  of  the  Medulla  Oblongata  or  respiratory 
ganglion  ;  whilst  in  others,  some  of  the  respiratory  muscles  have  been 
motionless  during  ordinary  breathing,  and  yet  have  remained  under  the 
power  of  the  will.*  That  consciousness  is  not  a  necessary  link  in  the 
chain  of  causes  which  produce  the  respiratory  movements,  we  are  enabled 
to  judge  from  the  phenomena  presented  by  the  human  being  in  sleep  and 
coma,  by  anencephalous  foetuses,  and  by  decapitated  animals.  This  con- 
clusion is  confirmed  by  a  case  recorded  by  Dr.  H.  Ley, J  who  had  under 
his  care  a  patient  in  whom  the  pneumogastrics  appeared  to  be  diseased ; 
the  lungs  suffered  in  the  usual  way  in  consequence,  and  the  patient  had 
evidently  laborious  breathing  ;  but  he  distinctly  said  that  he  felt  no 
uneasiness  in  his  chest. — The  experience  of  every  one  informs  him,  how- 
ever, that  the  Respiratory  movements  are  partly  under  the  control  of  the 
will,  though  frequently  unrestrainable  by  it.  In  ordinary  circumstances, 
when  the  blood  is  being  perfectly  aerated,  and  there  is  a  sufficient  amount 
of  arterial  blood  in  the  system  to  carry-on  the  functions  of  life  for  a  short 
tune,  we  can  suspend  the  respiratory  actions  during  a  few  seconds  without 
any  inconvenience.  If,  however,  we  endeavour  to  prolong  the  suspension, 
the  stimulus  conveyed  by  the  excitor  nerves  to  the  Medulla  Oblongata 
mies  too  strong,  and  we  cannot  avoid  making  inspiratory  efforts  5  and 
ii  the  suspension  be  still  further  prolonged,  the  whole  body  becomes 
agitated  by  movements  which  are  almost  of  a  convulsive  nature,  and  no 
effort  of  the  will  can  then  prevent  the  ingress  of  air.J  It  is  easy  to 
understand  why,  in  the  higher  animals  at  least,  and  more  especially  in 
Man,  the  respiratory  actions  should  be  thus  placed  under  the  direction 

*  Such  cases  are  mentioned  by  Sir  C.  Bell,  in  the  Appendix  to  his  work  on  the 
Nervous  System  of  the  Human  Body." 
t  "On  Laryngismus  Stridulus,"  p.  417. 

$  It  i.s  asserted  by  M.  Bourdon  (" Kechcrches  sur  le  Mecanisme  do  la  Respiration," 
21),  that  no  person  ever  committed  suicide,  though  many  have  attempted  to  do  so, 
by  «mply  holding  the  breath  ;  the  control  of  the  will  over  the  respiratory  muscles  not 
'»;mg  sufficiently  great  to  antagonize  the  stimulus  of  the  "  besoin  de  respircr,"  when 
tins  has  become  aggravated  by  the  temporary  cessation  of  the  action.  Bui  such  per- 
sons have  succeeded  better  by  holding  the  face  beneath  the  surface  of  water  ;  because 
icre  another  set  of  muscles  is  called  into  action,  which  are  much  more  under  the  con- 
no!  ot  the  will  than  are  those  of  respiration  ;  and  a  strong  volition  applied  to  these 
-j"  Prevent  all  access  of  air  to  the  lungs,  however  violent  may  be  the  inspiratory 
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of  the  will :  since  they  are  subservient  to  the  production  of  those  Sounds, 
by  which  individuals  communicate  their  feelings  and  desires  to  each 
other ;  and  which,  when  articulate,  are  capable  of  so  completely  ex- 
pressing what  is  passing  in  the  mind  of  the  speaker. 

297.  The  motor  power  of  the  Respiratory  nerves  is  exercised,  however, 
not  only  on  the  muscles  which  perform  the  inspiratory  and  expiratory 
movements,  but  on  those  which  guard  the  entrance  to  the  windpipe,  and 
also  on  some  other  parts.  Between  the  superior  and  inferior  Laryngeal 
nerves  there  is  an  important  difference,  whichanatomical  and  experimental 
researches  have  now  very  clearly  demonstrated.  It  appears  from  the  very 
careful  and  satisfactory  observations  and  experiments  of  Dr.  J.  Reid,* 
that,  whilst  the  inferior  laryngeal  is  the  motor  nerve  of  nearly  all  the 
laryngeal  muscles,  the  superior  laryngeal  is  an  afferent  nerve  of  extreme 
sensibility,  conveying  to  the  Medulla  Oblongata  the  impressions  made  on 
its  peripheral  extremities.  The  motor  endowments  of  the  latter  are 
limited  to  the  crico  thyroid  muscle,  to  which  alone  of  all  the  muscles 
its  filaments  can  be  traced,  the  remainder  being  distributed  beneath  the 
mucous  surface  of  the  larynx  ;  and  its  sensibility  is  very  evident,  when 
it  is  pinched  or  irritated  during  experiments  upon  it.  On  the  other  hand, 
the  motor  character  of  the  inferior  laryngeal  branch  is  shown  by  its  very 
slight  sensibility  to  injury,  by  its  nearly  exclusive  distribution  to  muscles, 
and  by  its  influence  in  exciting  contraction  of  these  when  its  separated 
trunk  is  stimulated.  Burkartj"  has,  however,  shown  that  certain  sensory 
or  centripetal  fibres  course  in  this  nerve,  on  irritation  of  which  an  in- 
hibitory influence  can  be  exerted  on  the  respiratory  acts ;  slight  irrita- 
tion producing  a  prolongation  of  the  interval  between  expiration  and 
inspiration,  and  strong  irritation  completely  stopping  the  respiratory 
movements. 

298.  It  was  also  ascertained  by  Dr.  J.  Reid, J  that,  if  the  inferior 
laryngeal  branches  be  divided,  or  the  trunk  of  the  pneumogastric  be 
cut  above  their  origin  from  it,  no  constriction  of  the  glottis  follows, 
but  a  paralysed  state  of  its  muscles.  After  the  first  paroxysm  occa- 
sioned by  the  operation,  a  period  of  quiescence  and  freedom  from 
dyspnoea  often  siipervenes,  the  respirations  being  performed  with  ease 
so  long  as  the  animal  remains  at  rest ;  but  an  unusual  respiratory  move- 
ment, such  as  takes  place  at  the  commencement  of  a  struggle,  induces 
immediate  symptoms  of  suffocation, — the  current  of  air  carrying  inwards 
the  arytenoid  cartilages,  which  are  rendered  passive  by  the  paralysed 
state  of  their  nruscles ;  and  these,  falling  upon  the  opening  of  the  glottis 
like  valves,  obstruct  the  entrance  of  air  into  the  lungs.  The  more  effort 
is  made,  the  greater  will  be  the  obstruction :  and  accordingly,  it  is 
generally  necessary  to  counteract  the  tendency  to  suffocation,  when  it 
is  desired  to  prolong  the  life  of  the  animal  after  this  operation,  by  making 
an  opening  into  the  trachea.  Dr.  Reid  further  ascertained,  that  the  ap- 
plication of  a  stimulus  to  the  inferior  laryngeal  nerves,  when  separated 
from  the  trunk,  would  occasion  distinct  muscular  contractions  in  the 
larynx ;  whilst  a  corresponding  stimulus  applied  to  the  superior  laryn- 

*  "Edinb.  Med.  and  Surg.  Journ.,"  Jan.  1838;  and  "Anat.,  Physiol,  and  Pathol. 
Res.,"  chap.  iv. 

T  Pfluger's  "  Archiv  f.  gesammte  Physiol.,"  Bd.  i.  p.  107,  1868. 
X  Op.  cit. 
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geal  occasioned  no  muscular  movement,  except  in  the  crico-thyroid 
muscle.  But  when  the  superior  laryngeals  were  entire,  irritation  of  the 
mucous  surface  of  the  larynx,  or  of  the  trunks  themselves,  produced 
contraction  of  the  glottis  and  efforts  to  cough  ;  effects  which  were  at 
once  prevented  by  dividing  those  nerves,  and  thereby  cutting-off  their 
communication  with  the  Medulla  Oblongata.  The  observations  of  Dr. 
Reid  have  been  fully  corroborated  by  those  of  Rosenthal,*  who  found 
in  addition,  that,  if  the  superior  laryngeal  nerves  were  carefully  isolated 
and  stimulated  with  weak  induction  currents,  the  respirations  fell  in 
frequency,  chiefly  in  consequence  of  the  prolongation  of  the  pause ;  and 
ii'  the  strength  of  the  current  were  somewhat  increased,  complete  re- 
laxation of  the  diaphragm  occurred.  The  strength  of  the  current  to 
produce  these  effects  must,  however,  be  much  less  considerable  than  is 
required  to  produce  increase  of  respiratory  activity  and  tetanus  of  the 
diaphragm,  when  applied  to  the  trunk  of  the  Pneumogastric,  on  account 
of  the  extreme  sensibility  of  the  superior  laryngeal  nerve.  The  in- 
hibitory influence  upon  the  respiratory  function,  and  especially  upon  the 
movements  of  the  diaphragm,  thus  attributed  by  Rosenthal  to  the 
superior  laryngeal  branches  of  the  Pneumogastric  nerve,  is  so  far  dif- 
ferent from  that  of  the  Cardiac  and  Splanchnic  branches  of  the  same 
nerve — whose  controlling  power  over  muscular  movements  has  been 
already  alluded  to — that  it  acts  centripetally  on  the  Medulla  Oblongata, 
and  not,  like  them,  centrifugally.  There  can  be  no  doubt,  then,  that 
:  the  superior  and  inferior  laryngeal  branches  constitute  the  circle  of  inci- 
dent and  motor  nerves,  by  which  the  aperture  of  the  glottis  is  governed, 
and  by  which  any  irritation  of  the  larynx  is  made  to  close  the  passage, 
so  as  to  prevent  the  entrance  of  improper  substances ;  whilst  the  superior 
laryngeal  nerve  also  excites  the  muscles  of  expiration,  so  as  to  cause  the 
violent  ejection  of  a  blast  of  air,  by  which  the  offending  gas,  fluid,  or 
solid,  may  be  carried-off.  The  effect  of  carbonic  acid  in  causing  spas- 
modic closure  of  the  glottis  is  well  known ;  and  affords  a  beautiful  ex- 
ample of  the  protective  office  of  this  system  of  nerves. — The  mucous 
surface  of  the  trachea  and  bronchi  appears,  from  the  experiments  of 
\  Valentin,  to  be  endowed  with  excitability,  so  that  stimuli  applied  to  it 
produce  expiratory  movements  ;  and  this  evidently  operates  through 
the  branches  of  the  pneumogastric  distributed  upon  the  membrane. 
Here,  as  elsewhere,  we  find  that  a  stimulus  applied  to  the  surface  has  a 
much  more  decided  influence  than  the  irritation  of  the  trunk  of  the 
nerve  supplying  it. 

299.  The  actions  of  sighing,  yawning,  sobbing,  laughing,  coughing,  and 
sneezing,  are  nothing  else  than  simple  modifications  of*  the  ordinary 
movements  of  respiration,  excited  either  by  mental  emotions,  or  by  some 
stimulus  originating  in  the  respiratory  organs  themselves. — Sighing  is 
nothing  more  than  a  very  long-drawn  inspiration,  in  which  a  larger 
quantity  of  air  than  usual  is  made  to  enter  the  lungs.  This  is  con- 
tinually taking  place  to  a  moderate  degree ;  and  we  notice  it  particularly 
when  the  attention  is  released,  after  having  been  fixed  upon  an  object 
-vhich  has  excited  it  strongly,  and  which  has  prevented  our  feeling  the 

*  Rosenthal,  '  Die  Athcmbewegtingen  und  ihren  Beziehungen  zum  Nerv.  Vagus," 
Berlin,  1862  ;  and  "  Archiv  f.  Anat.  und  Physiol.,' '4862,  p.  226. 
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insufficiency  of  the  ordinary  movements  of  respiration.  Hence  this 
action  is  only  occasionally  connected  with  mental  emotion. —  Yawning  is 
a  still  deeper  inspiration,  which  is  accompanied  by  a  kind  of  spasmodic 
contraction  of  the  depressors  of  the  lower  jaw,  and  also  by  a  very  great 
elevation  of  the  ribs,  in  which  the  scapulas  partake.  The  purely  volun- 
tary character  of  this  movement  is  sometimes  seen,  in  a  remarkable 
manner,  in  cases  of  palsy  ;  in  which  the  patient  cannot  raise  his  shoulder 
by  an  effort  of  the  will,  but  does  so  in  the  act  of  yawning.  Neverthe- 
less this  act  may  be  performed  by  the  will,  though  not  completely ;  and 
it  is  one  that  is  particularly  excited  by  an  involuntary  tendency  to  imi- 
tation, as  every  one  must  have  experienced  who  has  ever  been  in  com- 
pany with  a  set  of  yawners. — Sobbing  is  the  consequence  of  a  series  of 
short  convulsive  contractions  of  tho  diaphragm  ;  and  it  is  usually  ac- 
companied by  a  closure  of  the  glottis,  so  that  no  air  really  enters. — In 
Hiccvp,  (lie  same  convulsive  respiratory  movement  occurs,  and  the 
glottis  closes  suddenly  in  the  midst  of  it ;  the  sound  is  occasioned  by  the 
impulse  of  the  column  of  air  in  motion  against  the  glottis. — In  Laugh- 
ing, a  precisely  reverse  action  takes  place ;  the  muscles  of  expiration 
are  in  convulsive  movement,  more  or  less  violent,  and  send-out  the 
breath  in  a  series  of  jerks,  the  glottis  being  open.  This  sometimes 
goes-on,  until  the  diaphragm  is  more  arched,  and  the  chest  is  more  com- 
pletely emptied  of  air,  than  it  could  be  by  an  ordinary  movement  of  ex- 
piration.— The  act  of  Crying,  though  occasioned  by  a  contrary  emotion, 
is,  so  far  as  the  respiration  is  concerned,  very  nearly  the  same  as  the 
last.  Every  one  knows  the  effect  of  mixed  emotions,  in  producing  an 
expression  of  them  which  is  "  between  a  laugh  and  a  cry." — The  greater 
part  of  the  preceding  movements  seem  to  belong  as  much  to  the  con- 
sensual or  to  the  emotional,  as  to  the  excito-motor  group  of  actions ;  for 
whilst  they  are  sometimes  the  result  of  peculiar  states  of  the  respiratory 
organs,  or  of  the  bodily  system  in  general,  they  may  also  be  called-forth 
by  influences  which  operate  directly  through  the  senses,  or  which  excite 
the  emotions.  Thus,  whilst  Sighing  and  Yawning  often  occur  as  simple 
results  of  deficient  aeration,  they  maybe  brought  on, — the  former  by  a 
depressed  state  of  the  feelings, — the  latter  by  the  mere  sight  of  the  act 
in  another  person.  The  actions  of  Laughter  and  Crying  seem  never  to 
originate  in  the  i-espiratory  system  ;  but  to  be  always  either  expressions 
of  the  emotions,  or  simple  results  of  sensations, — as  Avhen  crying  arises 
from  the  sense  of  pain, — and  laughter  from  that  of  tickling.  The  origin 
of  the  act  of  Hiccup  does  not  seem  very  clear ;  but  the  movement  is  pro- 
bably of  a  purely  reflex  nature. 

300.  The  purposes  of  the  acts  of  Coughing  and  Sneezing  are,  in  both 
instances,  to  expel  substances  from  the  air-passages,  which  are  sources  ot 
irritation  there ;  and  this  is  accomplished  in  both,  by  a  violent  expira- 
tory effort,  which  sends-forth  a  blast  of  air  from  the  lungs.— Coughing 
occurs  when  the  source  of  irritation  is  situated  at  the  back  of  the  mouth, 
in  the  glottis,  trachea,  or  bronchial  tubes.  The  irritation  may  be  pro- 
duced by  acrid  vapours,  or  by  liquids  or  solids,  that  have  found  then 
way  into  these  passages ;  or  by  secretions  which  have  been  poured  into 
them  in  unusual  quantity,  as  the  result  of  disease;  or  by  the  simp  e 
entrance  of  air  (especially  if  cold),  when  the  membrane  is  in  a  pecu- 
liarly irritable  state.    Any  of  these  causes  may  produce  an  impression 
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upon  the  excitor  fibres  of  the  Pneumogastrics,  which,  being  conveyed 
to  the  Medulla  Oblongata,  gives  rise  to  the  transmission  of  a  motor  im- 
pulse to  the  several  muscles,  that  combines  them  in  the  act  of  coughing. 
This  act  consists, — 1st,  in  a  long  inspiration,  which  fills  the  lungs;  2nd, 
in  the  closure  of  the  glottis  and  of  the  larynx  at  its  upper  orifice  by  the 
approximation  of  the  epiglottis  to  the  walls  of  the  pharynx  (Ed.  Smith), 
;it  the  moment  when  expiration  commences  ;  and  3rd,  in  the  bursting 
open  (as  it  were)  of  the  glottis,  by  the  violence  of  the  expiratory  move- 
ment; so  that  a  sudden  blast  of  air  is  forced  up  the  air-passages,  carry- 
ing before  it  anything  that  may  offer  an  obstruction. — The  difference 
between  Coughing  and  Sneezing  consists  in  this, — that  in  the  latter,  the 
communication  between  the  larynx  and  the  mouth  is  partly  or  entirely 
closed  by  the  drawing  together  of  the  sides  of  the  velum  palati  over  the 
hack  of  the  tongue ;  so  that  the  blast  of  air  is  directed,  more  or  less 
completely,  through  the  nose,  in  such  a  way  as  to  carry-off  any  source 
of  irritation  that  may  be  present  there. — It  is  difficult  to  say  how  far 
these  actions  are  independent  of  consciousness,  or  how  far  they  may 
require  the  stimulus  of  sensation  for  their  performance. 

301.  Various  alterations  are  produced  in  the  Lungs  by  section  of  the 
Pneumogastric  nerves  ;  the  inquiry  into  the  nature  and  succession  of 
which  has  been  most  carefully  prosecuted  by  Dr.  J.  Peid  ;*  and  as  his 
results  have  a  very  important  bearing  on  several  physiological  and  patho- 
logical questions  of  great  interest,  a  summary  of  them  will  be  here  given. 
— In  the  first  place,  it  has  been  fully  established  by  Dr.  Eeid,  that  section 
of  the  Vagus  on  one  side  only  does  not  necessarily,  or  even  generally, 
induce  disease  of  that  lung ;  and  hence  the  important  inference  may  be 
drawn,  that  the  nerve  does  not  exercise  any  immediate  influence  on  its 
functions.    When  both  Vagi  are  divided,  however,  the  animal  rarely 
survives  long ;  but  its  death  frequently  results  from  the  disorder  of  the 
digestive  functions.    Nevertheless,  the  power  of  digestion  is  sometimes 
restored  sufficiently  to  re-invigorate  the  animals ;  and  their  lives  may 
then  be  prolonged  for  a  considerable  time  (§  89).    In  fifteen  out  of 
seventeen  animals  experimented-on  by  Dr.  Reid,  the  lungs  were  found 
nore  or  less  unfit  for  the  healthy  performance  of  their  functions.  The 
nost  common  morbid  changes  were  a  congested  state  of  the  blood-vessels, 
md  an  effusion  of  frothy  serum  into  the  air-cells  and  bronchial  tubes. 
In  eight  out  of  the  fifteen,  these  changes  were  strongly  marked.  In  some 
"tortious  of  the  lungs,  the  quantity  of  blood  was  so  great  as  to  render 
hem  dense.    The  degree  of  congestion  varied  in  different  parts  of  the 
fame  lung;  but  it  was  generally  greatest  at  the  most  depending  portions. 
The  condensation  was  generally  greater  than  could  be  accounted-for  by 
lie  mere  congestion  of  blood  in  the  vessels,  and  probably  arose  from  the 
'scape  of  the  solid  parts  of  the  blood  into  the  tissue  of  the  lung.  In 
ome  instances  the  condensation  was  so  great,  that  considerable  portions 
'fthe  lung  sank  in  water,  and  did  not  crepitate  ;  but  they  did  not  pre- 
ent  the  granulated  appearance  of  the  second  stage  of  ordinary  pneu- 
monia.   In  five  cases  in  which  the  animal  had  survived  a  considerable 
ime,  portions  of  the  lungs  exhibited  the  second,  and  even  the  third 
■  tages  of  pneumonia,  with  puriform  effusion  into  the  small  bronchial 
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tubes ;  and  in  two,  gangrene  had  supervened. — One  of  the  most  impor- 
tant points  to  ascertain  in  an  investigation  of  this  kind,  is  the  first  de- 
partnre  from  a  healthy  state ;  to  decide  whether  the  effusion  of  frothy 
reddish  serum,  by  interfering  with  the  usual  change  in  the  lungs,  causes 
the  congested  state  of  the  pulmonary  vessels  and  the  laboured  respira- 
tion ;  or  whether  the  effusion  is  the  effect  of  a  previously-congested  state 
of  the  blood-vessels.  The  former  is  the  opinion  of  many  physiologists, 
who  have  represented  the  effusion  of  serum  as  a  process  of  morbid 
secretion,  directly  resulting  from  the  disorder  of  that  function  produced 
by  the  section  of  the  nerve ;  the  latter  appears  the  unavoidable  in- 
ference from  the  carefully- noted  results  of  Dr.  Reid's  experiments.  In 
several  of  these,  only  a  very  small  quantity  of  frothy  serum  was  found 
in  the  air-tubes,  even  when  the  lungs  were  found  loaded  with  blood, 
and  when  the  respiration  before  death  was  very  laboured.  This  naturally 
leads  us  to  doubt  whether  the  frothy  serum  is  the  cause  of  the  laboured 
respiration,  and  of  the  congested  state  of  the  pulmonary  vessels,  in  those 
cases  where  it  is  present ;  though  there  can  be  no  doubt  that,  when 
once  it  is  effused,  it  must  powerfully  tend  to  increase  the  difficulty  of 
respiration,  and  still  further  to  impede  the  circulation  through  the 
lungs.  Dr.  R.  has  satisfied  himself  of  an  important  point  which  has 
been  overlooked  by  others,  namely,  that  this  frothy  fluid  is  not  mucus, 
though  occasionally  mixed  with  it,  but  that  it  is  the  frothy  serum  so 
frequently  found  in  cases  where  the  circulation  through  the  lungs  has 
been  impeded  before  death.  From  this  and  other  facts,  Dr.  R.  con- 
cludes "  that  the  congestion  of  the  blood-vessels  is  the  first  departure 
from  the  healthy  state  of  the  lung,  and  that  the  effusion  of  frothy 
serum  is  a  subsequent  effect."* 

302.  The  next  point,  therefore,  to  be  inquired-into,  is  the  cause  of 
this  congestion  ;  and  this  is  most  satisfactorily  explained,  in  accordance 
with  the  general  laws  of  the  Circulation  (§  268),  by  remembering  that 
section  of  the  Pneumogastrics  greatly  diminishes  the  frequency  of  the 
respiratory  movements,  and  that  the  quantity  of  air  introduced  into  the 
lungs  is,  therefore,  very  insufficient  for  the  due  aeration  of  the  blood. 
There  is  now  abundant  evidence,  in  regard  to  the  Pulmonary  circulation 
in  particular,  that  to  prevent  the  admission  of  oxygen  in  the  lungs, 
either  by  causing  the  animal  to  breathe  pure  nitrogen  or  hydrogen,  or 
by  occlusion  of  the  air-passages,  is  to  bring  the  circulation  through 
their  capillaries  to  a  speedy  check.  Hence  we  should  at  once  be  led  to 
infer,  that  diminution  in  the  number  of  Respiratory  movements  would 
produce  the  same  effect ;  and  as  little  or  no  difference  in  their  frequency 
is  produced  by  section  of  one  Vagus  only,  the  usual  absence  of  morbid 
changes  in  the  lung  supplied  by  it  is  fully  explained.    The  congestion 

*  For  an  interesting  paper  on  this  subject,  the  conclusions  in  which  appear  to  be 
essentially  confirmatory  of  the  results  obtained  by  Dr.  Reid,  see  v.  Boddait,  "Journal 
de  la  Phys.,"  vol.  v.  1862,  pp.  442  and  527.  _  This  experimenter  attributes  all  the 
effects  of  double  section  of  the  Pneumogastrics  primarily  to  paralysis  of  the  inferior 
laryngeal  nerve  on  the  one  hand,  and  to  paralysis  of  the  pulmonary  branches  on  the 
other ;  the  former  lesion  permitting  the  entrance  of  foreign  bodies  into  the  bronchi, 
&c,  and  the  latter  lesion  inducing  hypercemia,  emphysema,  and  their  consequences : 
whilst  he  considers  paralysis  of  the  oesophagus,  together  with  modifications  of  the 
cardiac  activity,  and  the  occurrence  of  embolia  in  the  divisions  of  the  pulmonary 
artery,  as  secondary  causes  of  the  effects  observed. 
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of  the  vessels  induced  by  insufficient  aeration,  satisfactorily  accounts  not 
only  for  the  effusion  of  serum,  but  also  for  the  tendency  to  pass  into  the 
inflammatory  condition,  sometimes  presented  by  the  lungs,  as  by  other 
organs  similarly  affected.  Dr.  Reid  confirms  this  view,  by  the  particulars 
of  cases  of  disease  in  the  human  subject,  in  which  the  lungs  presented 
after  death  a  condition  similar  to  that  observed  in  the  latter  animals 
after  section  of  the  Vagi ;  and  in  these  individuals,  the  respiratory  move- 
ments had  been  much  less  frequent  than  natural  during  the  lower  part  of 
life,  owing  to  a  torpid  condition  of  the  nervous  centres.  The  opinion 
(held  especially  by  Dr.  Wilson  Philip)  that  section  of  the  Par  Vagum 
produces  the  serous  effusion  by  its  direct  influence  on  the  function  of 
Secretion,  is  further  invalidated  by  the  fact  stated  by  Dr.  Reid,  that  he 
always  found  the  bronchial  membrane  covered  with  its  true  mucus, 
•  except  when  inflammation  was  present. — "  The  experimental  history  of 
the  Par  Vagum,"  it  is  justly  remarked  by  Dr.  Reid,  "  furnishes  an  ex- 
cellent illustration  of  the  numerous  difficulties  with  which  the  physio- 
I  logist  has  to  contend,  from  the  impossibility  of-insulating  any  individual 
organ  from  its  mutual  actions  and  reactions,  when  he  wishes  to  examine 
the  order  and  dependence  of  its  phenomena."  In  such  investigations,  no 
useful  inference  can  be  drawn  from  one  or  two  experiments  only  ;  in  order 
to  avoid  all  sources  of  fallacy,  a  large  number  must  be  made  ;  the  points 
in  which  all  agree,  must  be  separated  from  others  in  which  there  is  a  varia- 
tion of  results  ;  and  it  must  be  then  inquired,  to  what  the  latter  is  due.* 

2.  Effects  of  Respiration  on  the  Air. 

303.  The  total  amount  of  air  which  can  be  drawn  into  the  Lungs  by 
the  deepest  possible  inspiratory  movement,  by  no  means  affords  a  measure 
of  the  quantity  which  they  ordinarily  contain.  It  is  in  fact  composed, 
as  was  first  pointed-out  by  Mr.  Julius  Jeffreys, f  of  several  different 
quantities,  which  may  be  distinguished  as  follows  : — 

1.  Residual  Air ;  that  which  cannot  be  displaced  by  the  most  powerful 
expiration,  which  always  remains  in  the  thorax  so  long  as  the  lungs 
retain  their  natural  structure,  and  over  which,  therefore,  we  have  no 
control. 

2.  Supplemental  Air ;  that  portion  which  remains  in  the  chest  after 
the  ordinary  gentle  expiration,  but  which  may  be  displaced  at  will. 

3.  Breathing  or  Tidal  Air ;  that  volume  which  is  displaced  by  the 
constant  gentle  inspiration  and  expiration. 

I.  Complemental  Air;  the  quantity  which  can  be  inhaled  by  the 
leepest  possible  inspiration,  over  and  above  that  which  is  introduced  in 
ttdinary  breathing. 

—The  amount  which  can  be  expelled  by  the  most  forcible  expiration 
On  the  important  subject  of  the  Mechanism  of  Respiration,  the  following  Memoirs 


biissiat  in 
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t  in  "  Archiv.  Gen.,"  1842;  Mendelssohn,  "  Der  Mechanismns  der  Respira- 
d  Circulation,"  Berlin,  1845;  and  Vierordt,  Art.  '  Respiration '  in  Wagner's 
Hai.dwbrterbnch  der  Physiologie,"  Bd.  ii. 
t  "  Statics  of  the  Human  Chest,"  1843. 
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after  the  fullest  inspiration,  and  which  is  consequently  the  sum  of  the 
2nd,  3rd,  and  4th  of  these  quantities,  is  designated  by  Dr.  Hutchinson* 
as  the  Vital  Capacity,  being  that  volume  of  air  which  can  be  displaced 
by  living  movements.   This  '  vital  capacity'  is  less  dependent  than  might 
have  been  supposed,  upon  the  absolute  dimensions  of  the  thoracic  cavity, 
being  yet  more  influenced  by  its  mobility.    Thus  of  two  sets  of  men  of 
the  same  height,  one  measuring  35  inches  round  the  chest,  and  the  other 
38  inches,  the  average  vital  capacity  of  the  first  was  found  to  be  235 
inches,  and  that  of  the  second  only  226  inches;  for  notwithstanding  the 
greater  absolute  capacity  indicated  by  the  larger  circumference  of  the 
latter,  the  inferior  mobility  of  the  chest  caused  more  1  residual  air'  to 
remain  behind  after  the  deepest  expiration.    By  taking  the  average  of 
nearly  5000  observations,  Dr.  Hutchinson  has  arrived  at  the  very 
remarkable  conclusion, f  that  of  all  the  elements  whose  variation  might 
be  supposed  to  affect  the  '  vital  capacity,'  Height  alone  seems  to  have 
any  constant  relation,  to  it ;  and  that  this  relation  is  capable  of  being  i 
expressed  in  a  simple  numerical  form.    It  may  be  briefly  expressed  by 
the  rule,  that  for  every  inch  of  stature,  from  five  to  six  feet,  eight  adtli-\ 
tional  cubic  inches  of  an*  (at  G0°  Fahr.)  are  given-out  by  a  forced  crpira-l 
tion  after  a  full  inspiration :  the  vital  capacity  for  a  man  from  5  feet  toj 
5  feet  1  inch,  being  174  cub.  in. ;  from  5  feet  1  inch  to  5  feet  2  inches,l 
182  cub.  in.,  and  so  on. J — There  is  also  a  relation  between  '  vitall 
capacity'  and  Weight ;  but  of  a  different  kind  from  that  which  mightl 
have  been  anticipated.    So  far  as  the  increase  in  weight  is  simply  pro-l 
portional  to  the  increase  in  height,  the  relation  is  of  course  the  samel 
for  the  one  as  for  the  other.    But  if  the  excess  of  weight  should  dependl 
upon  corpulence,  the  vital  capacity  decreases  in  a  very  marked  manner* 
being  always  very  low  in  corpulent  men.    The  general  result  of  Dri 
Hutchinsou's  observations  on  this  point,  is  expressed  by  him  as  follows  |« 
When  the  man  exceeds  the  average  weight  (at  each  height)  by  7  pe* 
cent.,  the  vital  capacity  decreases  1  cub.  in.  per  lb.  for  the  next  35  Ibm 
above  this  weight. — The  influence  of  Age  upon  the  'vital  capacity'  is  leal 
marked  than  might  have  been  anticipated.    The  general  fact  seems  tj. 
be,  that  the  '  vital  capacity'  undergoes  a  slight  increase  between  15  anlL 
35  years,  and  then  gradually  decreases,  the  decline  being  more  rapifr: 
than  the  augmentation,  so  that  by  the  age  of  66  it  has  diminished  tls> 
about  4-5ths  of  the  maximum. — There  does  not  seem  to  be  as  close  I 
relation  between  the  1  vital  capacity'  and  Muscular  Vigour,  as  miglj 
d,  priori  have  been  expected,  and  as  an  attempt  has  been  made  tl 
establish. §    Cases  are  not  unfrequent  in  which  men  of  athletic  constiti* 
tion  have  an  absolute  deficiency,  whilst  others  by  no  means  remarkab 
for  physical  power  present  a  large  excess.||    In  fact,  as  Dr.  C.  R.  H;j 
has  justly  remarked,  this  measure  indicates,  not  what  a  person  doV 
breathe,  but  what  he  can  breathe. — The  maximum  1  vital  capacity'  met  ' 
with  by  Dr.  Hutchinson  in  his  entire  series  of  observations,  was  4({ 

*  "  Cyclop,  of  Anat.  and  Physiol.,"  vol.  iv.,  Art.  1  Thorax.' 
+  Op.  cit,  p.  1072.  p 

$  For  similar  results  obtained  by  an  ingenious  method  suggested  by  M.  <jrcna| 
seo  "  Med.-Chir.  Rev.,"  '  Report  on  Physiology,'  Jan.  1865,  p.  231. 
§  See  Dr.  Jackson  in  "American  Medical  Examiner,"  1851,  p.  51. 
||  See  Dr.  C.Radclyffe  Hall  in  "Trans,  of  Prov.  Mod.  and  Surg.  Assoc.,"  1851.  |< 
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cub.  in.  ;  this  was  in  a  man  7  feet  high,  whose  weight  was  308  lbs. 
The  minimum  was  no  more  than  46  cub.  in. ;  this  was  in  a  dwarf  (Don 
Francisco),  whose  height  was  only  29  inches,  and  weight  40  lbs. 

304.  But  however  constant  the  above  averages  may  prove  to  be,  when 
tested  by  a  still  larger  number  of  observations,  it  yet  remains  to  be 
determined  Avithin  what  limits  individual  variation  may  range,  without 
departure  from  the  standard  of  health.  It  is  considered  by  Dr.  Hutchinson* 
that  a  deficiency  of  16  per  cent,  (unless  the  individual  should  be  very 
corpulent)  should  excite  suspicion  of  disease ;  but  the  observations  of 
Dr.  C.  E.  Hall  (loc.  cit.)  seem  to  show  that  the  range  is  considerably 
wider,  especially  in  females.  They  also  indicate  that  even  a  marked 
deficiency  in  vital  capacity  must  not  be  regarded  as  indicative  of  pulmo- 
nary disease ;  for  it  may  be  dependent  upon  disorder  of  the  abdominal 
viscera,  especially  upon  congested  liver. 

305.  In  estimating,  however,  the  effects  of  the  Kespiratory  function 
upon  the  air  which  passes  through  the  lungs,  we  are  not  so  much  con- 
cerned with  the  quantity  which  may  be  drawn-in  and  forced-out,  as  with 
that  actually  exchanged  at  each  movement.  The  estimates  of  the  earlier 
observers,  Herbst,  Valentin,|  &c,  which  ranged  from  10  to  92  cub.  in., 
are  in  general  imperfect,  having  been  based  upon  comparatively  few 
respirations,  and  without  taking  into  consideration  the  many  circum- 
stances we  now  know  to  exercise  an  influence  upon  the  depth  and  fre- 
quency of  the  respiratory  acts.  Dr.  Ed.  Smithy  has  arranged  a 
spirometer,  by  which  the  quantity  of  air  inspired  may  be  registered  from 
1  to  1,000,000  cub.  in.,  and  therefore  for  any  period.  He  has  used  it  for 
24  hours  without  intermission,  except  for  meals,  and  ascertained  the 
quantity  of  air  inspired  during  sleep,  and  in  almost  every  condition  met 
with  during  the  day.  From  numerous  experiments  upon  several  persons, 
each  extending  over  a  whole  day,  he  found  that  the  average  depth  of 
inspiration  was  33*6  cub.  in.  when  at  rest,  and  when  walking  at  1,  2,  3, 
and  4  miles  per  hour,  52,  60,  75,  and  91  cub.  in.,  and  even  107  cub.  in. 
when  working  the  treadmill.  If  we  take  30  or  40  cubic  inches  as  the 
average  quantity  exchanged  at  each  respiration,  we  cannot  but  observe 
how  small  a  proportion  it  bears  to  the  entire  amount  which  the  lungs 
usually  contain ;  for  the  '  residual  air,'  which  cannot  be  expelled,  is  esti- 
mated by  Dr.  Hutchinson  at  from  75  to  100  cubic  inches,  and  the  '  sup- 
plemental air,'  which  can  only  be  expelled  by  a  forced  expiration,  is 
about  as  much  more;  the  sum  of  the  two  being  from  150  to  200  cub. 
in.,  or  from  5  to  7  times  the  'breathing  volume.'  Now  it  is  obvious 
that  if  no  provision  existed  for  mingling  the  air  inspired  with  the  air 
already  occupying  the  lungs,  the  former  would  penetrate  no  further  than 
the  larger  air-passages ;  and  as  this  would  be  again  thrown-out  at  the 

*  Op.  cit.,  p.  1079. 

T  The  following  are  some  of  the  amounts  assigned  by  different  observers  : — 

Herbst   20—30  cubic  inches. 

Valentin   14 — 92 

Vierordt  10 — 42 

Coathupe  16 

Hutchinson  -favfage     •    •    •    •  16-20 
\  extreme    ....     7 — 77 

I   X  Many  of  the  following  statements  respecting  Dr.  Edward  Smith's  experiments 
»ave  been  kindly  communicated  by  himself. 
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next  expiration,  the  bulk  of  the  air  contained  in  the  lungs  would  remain 
altogether  without  renewal,  and  the  expired  air  would  not  be  found  to 
have  undergone  any  change.*  That  a  change  is  effected,  however,  in 
the  whole  volume  of  the  air  contained  in  the  lungs,  with  every  inspira- 
tion, is  indicated  by  the  difference  between  the  inspired  and  expired  air* 
and  this  change  must  be  attributed  to  the  '  imitual  diffusion'  of  gases, 
these  tending  to  interpenetrate  one  another,  when  either  of  different 
densities  or  of  different  temperatures,  according  to  the  law  discovered 
by  Prof.  Graham. 

306.  The  total  amount  of  Air  which  passes  through  the  Lungs  in 
twenty-four  hours,  will  of  course  vary  with  the  extent  and  frequency  of 
the  respiratory  movements  ;  and  these  are  liable  to  be  affected  by  many 
circumstances,  but  particularly  by  the  relative  degrees  of  repose  and  of 
exertion.  Moreover,  as  any  such  computation  must  be  based  upon  the 
datum  of  the  ordinary  volume  of  breathing  or  £  tidal'  air,  it  is  obvious 
that  the  estimates  of  different  observers  must  vary  with  the  amount  they 
adopt.  Dr.  Ed.  Smith  found  that  during  the  day  (C  a.m.  to  12  night) 
the  average  quantity  of  air  inspired  by  several  persons  at  rest  was  502 
cub.  in.  per  minute,  or  a  total  of  542,160  cub.  in. ;  and  as  the  average 
quantity  during  the  night  was  about  400  cub.  in.  per  minute,  the  total  daily 
amount  was  686,000  cub.  in.,  which  is  in  close  approximation  to  the 
results  of  Valentin,  who  estimated  the  total  daily  amount  at  688,348 
cub.  in.  The  quantity  is  largely  increased  by  exertion,  and  Dr.  Smith 
computes  that  the  total  amount  actually  respired  by  the  unoccupied  gen- 
tleman, the  ordinary  tradesman,  and  the  hard-working  labourer,  would 
be  804,780  cub.  in.,  1,065,840  cub.  in.,  and  1,568,390  cub.  in.;  and 
with  12  hours  of  Alpine  walking,  as  over  the  Wengern  Alp,  1,764,000 
cub.  in.  When  carrying  weights,  as  by  the  soldier  in  his  heavy  march- 
ing order,  Dr.  Smith  found  an  increase  of  7  cub.  in.  per  minute  for  every 
1  lb.  weight  carried. — It  is  of  great  practical  importance  to  determine  the 
quantity  of  air  which  ought  to  be  allowed  for  consumption  by  indivi- 
duals confined  in  prisons,  workhouses,  schools,  &c,  and  for  this,  expe- 
rience seems  to  have  fixed  800  cubic  feet  as  the  minimum  that  can  be 
safely  assigned,  except  where  extraordinary  provisions  are  in  operation 
for  its  constant  renewal  by  ventilation.  The  evil  consequences  of  an 
insufficient  supply  of  air  will  be  noticed  hereafter  (Sect.  3). 

307.  The  alterations  in  the  Airf  which  are  effected  by  Respiration, 
consist  in  its  sattiration  with  aqueous  vapour,  the  elevation  of  its  tem- 
perature to  95-5  Fahr.,|  or  97*41  Weyrich,§  and  in  the  removal  of  a 
portion  of  its  oxygen,  and  the  substitution  of  a  quantity  of  carbonic  acid, 

*  See  Mr.  Jeffreys'  "  Statics  of  the  Human  Chest,"  in  which  this  important  point 
first  received  due  consideration. 

T  The  composition  of  ordinary  atmospheric  air  in  England  is  thus  given  hy  Dr. 
Miller  ("Elements  of  Chemistry,"  vol.  ii.  p.  455) : — 


Oxygen  .    .   .  .  20 -61 

Nitrogen.    .    .  .  77  "95 

Carbonic  Acid  .  .  '04 

Aqueous  vapour  .  1  "40 


Nitric  Acid,  Ammonia,  and  Car- ) 
buretted  hydrogen    .    .    .  ) 


And  in  towns — Sulphuretted  Hy- ) 
drogen  and  Sulphurous  Acid,  j 
The  quantity  of  Aqueous  Vapour  is,  however,  liable  to  great  variation at  the  ordi- 
nary temperature  of  the  month  of  July,  the  atmosphere  is  capable  of  containing  nearly 
three  times  as  much  aqueous  vapour  as  in  December;  nevertheless  the  quantity  ot 
moisture  actually  present  is  generally  greater  in  winter,  owing  to  the  greater  rainfall. 
t  Grehant,  Robin's  "  Journal  de  l'Anatomie,"  t.  i.  p.  523. 
§  "  Observations  on  the  Insensible  Perspiration  of  the  Lungs  and  Skin,"  1865. 
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usually  rather  less  in  bulk  than  the  oxygen  which  has  disappeared. 
The  proportion  of  the  two  last-mentioned  constituents  of  the  air  thus 
changed,  appears  to  vary  according  to  the  frequency  of  the  respirations. 
Thus  Vierordt*  found  that,  if  he  only  respired  six  times  in  a  minute, 
the  quantity  of  Carbonic  acid  was  5 -5  per  cent,  of  the  whole  air  ex- 
haled ;  with  twelve  respirations,  it  was  4*2  ;  with  twenty-four,  it  was  3'3  ; 
imth  forty-eight,  it  Avas  3-0;  and  with  ninety -six,  it  was  2 '6  per  cent, 
i  In  some  of  the  experiments  of  Messrs.  Allen  and  Pepys,  it  was  as  much 
as  8  per  cent.    Probably  about  4*35  per  cent,  may  be  taken  as  the 
average  amount  of  Carbonic  acid  added  to  the  air,  at  the  ordinary 
rate  of  respiration ;  whilst  according  to  Vierordt,  the  amount  of  oxygen 
removed  is  4*782  per  cent. ;  the  absolute  diminution  in  bulk  of  the  ex- 
pired air,  when  deprived  of  the  moisture  which  it  has  acquired  in  passing 
through  the  lungs,  being  from  l-40th  to  l-50th  of  its  volume.    If  the 
;  breath  be  held  for  40  seconds  (Vierordt),  or  100  seconds  (Stefan),  the 
proportion  of  Carbonic  acid  may  rise  to  7'57  per  cent. ;  and  if  the  same 
i  air  be  breathed  over  and  over  again  the  proportion  attains  9  per  cent. 
\\r.  Muller,  Setschenow).    Supposing  the  entire  amount  of  air  respired 
per  diem  to  be  1,000,000  c.  i.,  or  578  cubic  feet  as  given  by  Dr.  Smith 
or  an  ordinary  tradesman,  the  absolute  quantity  of  Oxygen  withdrawn 
rom  the  air  in  the  respiratory  acts  may  be  estimated  at  51,840  cubic 
nches  or  30  c.  f.  ( =  5  per  cent.)  ;   the  weight  of  which   would  be 
7,836  grains,  or  rather  more  than  2 J  lbs.  avoirdupois.    It  is  deserving 
F)f  notice  in  regard  to  the  elimination  of  Carbonic  acid,  that  if  the  air 
)e  already  charged  to  some  extent  with  this  gas,  the  quantity  exhaled 
a  much  diminished  (Allen  and  Pepys).    Knowing,  then,  the  necessity 
f  a  free  excretion  of  Carbonic  acid,  we  are  led  by  this  fact  to  perceive 
mhe  high  importance  of  ventilation  ;  for  it  is  not  sufficient  for  health  that 
;   room  should  contain  the  quantity  of  air  requisite  for  the  support  of  its 
■inhabitants  during  a  given  time  ;  since  after  they  have  remained  in  it  but 
part  of  that  time,  the  quantity  of  Carbonic  acid  which  its  atmosphere 
liriil  contain,  will  be  large  enough  to  interfere  greatly  with  the  due 
if'  eration  of  their  blood,  and  will  thus  cause  oppression  of  the  brain,  and 
>»  he  other  morbid  affections  that  result  from  the  accumulation  of  Carbonic 
cid  in  the  circulating  fluid. — It  appears  from  the  experiments  of  Dr. 
\m  now,  that  the  presence  of  Carbonic  acid  in  the  atmosphere  acts  more 
•|  eleteriously  upon  the  system,  in  proportion  as  the  normal  quantity  of 
^l^xygen  has  been  reduced.    He  found  that  birds  and  mammalia,  intro- 
i-liuced  into  an  atmosphere  containing  only  from  10^  to  16  per  cent,  of 
n  xygen,  soon  died,  although  means  were  taken  to  remove  the  carbonic  acid 
Wit-free  by  their  respiration,  as  fast  as  it  was  formed ;  whilst,  on  the  other 
.1  and,  an  increase  in  the  proportion  of  carbonic  acid  to  12  or  even  20  per 
■ent. — the  percentage  of  oxygen  being  kept  to  its  regular  standard  of 
■  1  per  cent. — did  not  appear  to  enfeeble  the  vital  actions  more  rapidly, 
» luan  did  the  reduction  of  the  oxygen  in  the  experiments  justreferred-to.f 

*  "Physiologic  des  Athmens,"  pp.  102-149. 
I  +  Bernard,  however,  found  that  a  bird  which  lay  exhausted  from  breathing  in  a 
I  nited  quantity  of  air,  recovered  itBelf  when  the  carbonic  acid  was  partially  ab- 
I  rbed  by  caustic  potash.  He  observed  also  that  the  circulation  of  blood  charged  with 
I  wbonic  acid  rapidly  stopped  the  activity  of  the  secretory  glands,  as  of  the  kidneys, 
I  nch  again  recommenced  as  soon  as  oxygenated  blood  was  allowed  to  pass  through 
I  em.   (Bernard,  "  Liq.  de  l'Organisme,"  1859,  vol.  i.  p.  505.) 
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Hoppe*  has  observed  that  when  rats  were  placed  under  the  receiver  of 
an  air-pump,  and  exhaustion  made  till  the  pressure  was  reduced  to 
50  mm.  (2  inches),  fainting  and  convulsions  were  induced;  and  when 
it  was  reduced  to  40  mm.,  death  occurred  apparently  from  the  evolu- 
tion of  gas  in  the  capillaries  of  the  lungs,  which  impeded  the  passage 
of  the  blood.  We  may  conjecture  that  the  singular  effects  observed  by 
Glaisher,-)-  in  his  lofty  balloon  ascents,  were  due  to  the  sudden  and  com- 
bined influence  of  cold  and  an  insufficient  supply  of  oxygen.  The  effects 
of  increased  atmospheric  pressure  on  the  respiration  in  Man  have  been 
observed  by  Vivenot ;  J  and  an  increase  of  one-fifth  of  the  usual  pressure 
is  stated  by  him  to  decrease  the  respirations  2  per  minute,  and  the  number 
of  pulsations  on  the  average  10  per  minute.  A  curious  calculation  has 
been  made  by  Welcker,  to  the  effect  that  the  surface  presented  for 
aeration,  by  the  entire  mass  of  the  red  corpuscles  of  the  blood,  amounts  to 
no  less  than  2816  square  metres,  or  estimating  the  amount  propelled 
through  the  lung  in  each  second  to  be  176  cubic  centimetres,  the  surface 
presented  by  the  corpuscles  contained  in  that  quantity  of  blood  would 
amount  to  87  square  metres,  or  a  square  of  13  military  steps  to  the  side. 

308.  The  absolute  quantity  of  Carbonic  acid  exhaled  from  the  Lungs 
is  liable  to  variation  from  so  many  sources,  that  no  fixed  standard  can  be 
assigned  for  it.  The  mean  of  a  great  number  of  observations,  however, 
made  in  different  modes,  and  under  different  circumstances,  would  give 
about  160  grains  of  Carbon  per  hour  as  the  amount  set-free  by  a  well- 
grown  adult  man,  under  ordinary  circumstances.  Taking  this  as  the 
average  of  the  twenty-four  hours,  the  total  quantity  of  Carbon  thus 
daily  expired  from  the  Lungs  would  be  3840  grains,  or  8  oz.  troy, 
which  is  equal  to  14,080  grains  of  Carbonic  acid.  According  to 
Dr.  Edward  Smith,  who  has  devised  an  apparatus  by  which  all 
the  Carbonic  acid  exhaled  may  be  collected  for  a  whole  day 
without  intermission  except  for  food,  the  total  amount  evolved  in  24 
hours  at  rest  (deduced  from  experiments  on  different  persons)  was 
7*144  oz.  of  Carbon;  and  he  estimates  that  it  should  be  increased  to 
8*68  oz.  and  11*7  oz.  for  the  non-labouring  and  laborious  classes 
respectively,  at  their  ordinary  rate  of  exertion.  The  chief  causes  of 
variation  are, — the  Temperature  and  Hygrometric  state  of  the  surround- 
ing Medium,  Age,  Sex,  Development  of  the  body,  Nature  and  Quantity 
of  Food  and  state  of  the  Digestive  Process,  Muscular  Exertion  or 
Eepose,  Sleep  or  Watchfulness,  Period  of  the  Day,  Season,  and  state  of 
Health  or  Disease.    These  will  now  be  considered  in  detail : — 

I.  Temperature  of  surrounding  Medium. — The  amount  of  Carbonic 
acid  exhaled  by  warm-blooded  animals,  is  greatly  increased  by  external 
Cold,  and  diminished  by  Heat.  From  Letellier's§  experiments  it  appears 
that  the  quantity  of  Carbonic  acid  exhaled  by  Mammals  between  86 
and  106°,  is  less  than  half  that  set-free  near  the  freezing-point ;  whilst 
that  which  is  exhaled  between  59°  and  68°  is  but  little  more  than  two- 
thirds  of  the  same  amount.  The  diminution  occasioned  by  heat  is  still 
more  remarkable  in  Birds  ;  which  exhale  at  the  highest  temperatur 

*  Mailer's  "Archiv,"  1857,  p.  63.  f  "Times,"  Sept.  1862. 

i  Henle  and  Meissner,  "Bericht,"  I860,  p.  322. 

§  "  Annales  de  Chimie  et  de  Physique,"  1845;  and  M.  Boussingault's  "  Memoirc 
de  Ohimie  Agricole  et  de  Physiologie,"  1854. 
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scarcely  more  than  one-third  of  that  set-free  at  the  lowest. — The  obser- 
vations of  Vierordt*  upon  himself  show  that  the  same  is  true  of  the 
Human  subject ;  and  a  difference  of  10°  Fahr.,  according  to  him,  pro- 
ducing a  variation  of  rather  more  than  two  cubic  inches  in  the  amount 
of  Carbonic  acid  hourly  expired.  Dr.  Ed.  Smith  found  that  sudden 
increase  of  temperature  occasioned  sudden  decrease,  in  an  increasing 
ratio,  in  the  quantity  of  Carbonic  acid  evolved,  amounting  to  1*3  grain 
per  minute  for  16°  Fahr.  of  temperature;  but  that  in  experiments  con- 
tinued over  long  periods,  there  was  the  greatest  diversity  in  the  propor- 
tion of  Carbonic  acid  evolved  to  each  degree  of  temperature. 

ii.  That  the  Hygrometric  state  of  the  Air  influences  the  rate  of  exha- 
lation of  Carbonic  acid,  appears  from  some  experiments  by  Lehmann 
made  with  this  express  view.  For  he  found  that  while  1000  grammes' 
w  eight  of  Pigeons  yielded,  in  dry  air,  6*055  grammes  of  Carbonic  acid 
per  hour,  at  the  temperature  of  75°,  and  4*69  grammes  at  the  tempera- 
ture of  100°,  the  same  animals,  in  moist  air,  yielded  6*769  grammes  at 
73°,  and  7*76  grammes  at  100°.  And  while  1000  grammes'  weight  of 
Rabbits  exhaled,  in  dry  air,  0*451  gramme  per  hour,  at  a  temperature 
of  100°,  they  exhaled  as  much  as  0'677  gramme  in  a  moist  atmosphere 
at  the  same  temperature. f 

in.  The  amount  of  Carbonic  acid  exhaled  increases  in  both  sexes 
up  to  about  the  thirtieth  year ;  it  remains  stationary  until  about  the 
Torty-fifth;  and  it  then  diminishes.  Thus,  according  to  Andral  and 
aavarret,"}:  at  8  years  of  age,  77  grains  of  carbon  are  excreted  per  hour ; 
it  14  years,  126  grains;  at  20  years,  166  grains;  at  48  years,  162 
grains;  and  at  76  years,  92*4  grains. 

iv.  Sex. — At  all  ages  beyond  eight  years,  the  exhalation  is  greater  in 
stales  than  in  Females.    Nearly  the  same  proportionate  increase  takes 

\  uace,  however,  in  Females,  up  to  the  time  of  puberty  ;  when  the  quan- 
ity  abruptly  ceases  to  increase,  and  remains  stationary  so  long  as  they 
i  ontinue  to  menstruate.  When,  however,  menstruation  has  ceased,  the 
.xlialation  of  Carbonic  acid  begins  again  to  augment ;  and  then  again 
diminishes,  with  the  advance  of  years,  as  in  men.  Should  menstruation 
emporarily  cease  at  any  time,  the  exhalation  of  Carbonic  acid  imme- 
iately  undergoes  an  increase,  precisely  as  at  the  final  cessation  of  the 
motion.  And  during  pregnancy,  the  exhalation  increases  in  like 
manner. 

v.  Development  of  the  Body. — The  more  robust  the  individual,  cceteris 
aribus,  the  more  Carbonic  acid  is  exhaled  ;  and  the  variation  is  much 
lore  influenced  by  the  development  of  the  muscular  system,  than  by  the 
eight  or  weight,  capacity  of  the  chest,  &c.  Thus,  a  very  strong  man 
f  twenty-six  years  of  age  exhaled  at  the  rate  of  217'1  grains  of  carbon 
sr  hour;  while  a  man  of  moderate  muscular  power  set-free  but  169*4 
■ains  in  the  same  time.  Another  robust  man  of  sixty  years  of  age 
dialed  at  the  rate  of  209*4  per  hour ;  and  an  old  man  of  ninety-two 
-ars,  who  still  preserved  an  uncommon  degree  of  energy,  and  who  in 
a  younger  days  had  boasted  of  extraordinary  muscular  powers,  exhaled 
the  rate  of  135*5  grains  per  hour.    So,  also,  a  remarkably  vigorous 

*  "  Physiologio  des  Athmens,"  pp.  73-82. 
+  Lehmann,  Op.  cit.,  Bel.  iii.  p.  304. 
t  "  Annalee  de  Cbimie  et  de  Physique,"  1843. 
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young  woman  of  nineteen  years  exhaled  at  the  rate  of  107*8  grains  perl 
hour ;  and  a  strong  woman  of  forty-five  years  (who  had  ceased  to 
menstruate),  152*4  grains. — On  the  other  hand,  a  slender  man  of  forty- 
five  years,  in  the  enjoyment  of  good  health,  only  exhaled  at  the  rate 
of  132-4  grains  per  hour  (Andral  and  Gavarret).  In  Dr.  Ed.} 
Smith's  experiments  the  quantity  of  carbon  expired  per  diem  to  each! 
1  lb.  of  body-weight  was  17*07  grains,  17*51,  and  17*99,  at  48,  39,  ancj 
33  years  of  age  respectively. 

vi.  Nature  and  Quantity  of  the  Food,  and  State  of  the  Digestive  Pro 
cess. — It  is  well  established,  that  the  exhalation  of  Carbonic  acid  i 
greatly  increased  by  eating,  and  that  it  is  diminished  by  fasting.  Thu 
Prof.  Scharling  states  the  hourly  exhalation  to  have  increased  in  on 
instance  from  145  to  190,  after  breakfast  and  a  walk;  in  another  fro" 
140  to  177,  after  breakfast  alone ;  and  in  another  from  111*9  to  188*9 
after  dinner.  Dr.  Ed.  Smith  on  several  occasions  fasted  for  more  th 
twenty-four  hours,  and  collected  all  the  Carbonic  acid  exhaled  durin 
the  whole  period,  or  during  ten  minutes  at  each  hour  of  the  wakin 
day.  He  found  the  total  daily  amount  of  carbon  exhaled  at  rest  an 
whilst  fasting  to  be  5*923  oz. ;  and  there  was  scarcely  any  variation 
the  hourly  quantity  during  the  hours  of  the  day.  He  noticed  that  ther 
was  a  line  below  which  the  quantity  of  Carbonic  acid  did  not  fall,  durin 
Avaking  hours  in  health  ;  this,  which  he  has  termed  the  basal  line,  is  th" 
observed  at  rest  and  in  the  absence  of  food.  The  increase  above  th 
line,  which  is  caused  by  food,  seldom  exceeds  one-half  of  the  basal  qi 
tity,  or  about  3  grains  per  minute.  He  has  shown  that  the  increase 
from  2  to  3  grains  per  minute  after  breakfast  and  tea,  and  from  1  to 
grains  per  minute  after  early  dinner,  whilst  he  scarcely  found  any 
crease  after  supper.  He  has  examined  the  influence  of  numerous  foo 
as  flesh,  fish,  albumen,  gelatin,  bread,  rice,  oatmeal,  cane,  grape, 
milk  sugar,  milk,  tea,  coffee,  cocoa,  starch,  gluten,  butter,  olive-o' 
alcohol,  rum,  gin,  brandy,  sherry  and  port  wine,  beer  and  spirits, 
nitrogenous  foods — gluten,  casein,  flesh,  fish,  albumen,  and  gelatin 
increased  the  evolution  of  Carbonic  acid  to  the  extent  of  f  to  1 
per  minute;  but  tea,  coffee,  bread,  rice,  oatmeal,  milk,  and  sugar 
creased  it  from  1 J  to  3  grains  per  minute.  Fats  and  starch  did  n 
increase  it ;  alcohol,  rum,  and  ales  increased  it  from  \  a  grain  to  2  gr 
per  minute,  whilst  brandy  and  gin  decreased  it,  and  3  ounces  of  w 
exerted  but  little  influence.  The  inhalation  of  the  aroma  of  wines  d 
creased  it.  All  Dr.  Smith's  experiments  were  made  in  the  sitting  po 
ture,  at  rest,  before  breakfast,  and  upon  one  substance  alone  in  niodera 
quantity,  the  dose  of  which  was  repeated  every  ten  or  fifteen  minui 
until  the  maximum  influence  had  been  obtained.  With  sugar,  alcoho 
liquids,  tea,  coffee,  the  maximum  influence  was  observed  in  from  twen 
to  thirty  minutes ;  but  with  bread,  oatmeal,  milk,  and  flesh,  it  was  co 
monly  later,  and  continued  from  1^  to  2|  hours.  With  sugar  and 
there  was  frequently  an  increase  of  1  grain  per  minute  in  less  th 
ten  minutes.  The  whole  of  the  Carbonic  acid  exhaled  during  fi 
minutes  at  a  time  for  two  hours  was  collected  and  weighed ;  the  p 
centage  was  not  sought-for.  Dr.  Smith  has  called  attention  to 
separate  action  of  the  alcohol,  aromas,  sugars,  and  nitrogenous  matt 
in  each  of  the  alcoholic  compounds.    Similar  though  less  extended 
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perfect  observations  have  been  made  by  Vierordt,  Bidder,  Schmidt,  and 
Perrih,*  and  others,  which  generally  corroborate  the  conclusions  drawn 
by  Dr.  Ed.  Smith. 

vn.  Muscular  Exertion  or  Repose. — The  effect  of  bodily  exercise,  in 
moderation,  is  to  produce  a  considerable  increase  in  the  amount  of  Car- 
bonic acid  exhaled,  both  during  its  continuance,  and  for  some  little  time 
subsequently  to  its  cessation.    According  to  the  observations  of  Vie- 
rordt, the  increase  amounts  to  one-third  of  the  quantity  exhaled  during 
rest,  and  it  lasts  for  more  than  an  hour  afterwards ;  being  manifested  in 
the  greater  quantity  of  air  respired,  and  in  the  larger  percentage  of 
Carbonic  contained  in  it.    If  the  exercise  be  prolonged,  however,  so  as 
to  occasion  fatigue,  it  is  succeeded  by  a  diminished  exhalation. — Dr.  Ed. 
Smith  found  that  whilst  walking  at  two  and  three  miles  per  hour,  the 
quantity  of  Carbonic  acid  evolved  was  18'1  grains  and  25*83  grains  per 
minute,  which  are  respectively  1*85  and  2*64  times  more  than  that 
eliminated  in  the  quiet  sitting  posture.    "With  treadwheel  labour  the 
quantity  varied  from  42-9  grains  to  48*66  grains.    After  the  exertion 
had  ceased,  the  increase  continued  for  some  time ;  and  not  the  least 
exertion  could  be  made,  even  when  sitting,  without  disturbing  the  re- 
sults.— The  connexion  between  muscular  exertion  and  the  exhalation  of 
Carbonic  acid,  is  most  remarkably  shown  in  Insects ;  in  which  animals 
we  may  witness  the  rapid  transition  between  the  opposite  conditions  of 
extreme  muscular  exertion  and  tranquil  repose  ;  and  in  which  the 
effects  of  these  upon  the  respiratory  process  are  not  masked  by  that  ex- 
halation of  Carbonic  acid,  which  is  required  in  warm-blooded  animals 
simply  for  the  maintenance  of  a  fixed  temperature.    Thus  a  Humble- 
Bee  was  found  by  Mr.  Newport")"  to  produce  one-third  of  a  cubic  inch 
of  Carbonic  acid  in  the  course  of  a  single  hour,  during  which  its  whole 
)  body  was  in  a  state  of  constant  movement,  from  the  excitement  result- 
ing  from  its  capture ;  and  yet,  during  the  whole  twenty-four  hours  of 
:he  succeeding  day,  which  it  passed  in  a  state  of  comparative  rest,  the 
•uantity  of  carbonic  acid  generated  by  it  was  absolutely  less. 

vni.  Sleep  or  Watchfulness. — The  amount  of  Carbonic  acid  exhaled 
luring  sleep  is  considerably  less  than  that  set-free  in  the  waking  state.  This 
s  particularly  shown  by  the  experiments  of  Schar ling;!  who  confined 
he  subjects  of  them  in  an  air-tight  chamber,  within  which  they  could 
leep,  take  their  meals,  &c.  Thus  in  one  case  the  hourly  exhalation 
ank  from  160  to  100,  in  another  from  194-7  to  122-3,  and  in  another 
rom  99  to  75-1.  Dr.  Ed.  Smith  found  that  4"88  and  4-99  grs.  of  Car- 
>onic  acid  were  exhaled  per  minute  during  light  sleep  from  1  to  3  a.m., 
-nd  he  estimates  the  quantity  in  profound  sleep  at  4|  grs.  He  also 
bserved  that  5-7  grs.,  5*94  grs.,  and  6*1  grs.  per  minute  were  evolved  at 
.30,  2.30,  and  6.15  a.m.,  whilst  awake,  the  average  amount  during  the 
faking  day  being  9*77  grs.  per  minute  in  the  same  person.  The  cause 
f  this  result  is  partly  to  be  sought  in  the  cessation  of  all  muscular 
xertion  (save  that  concerned  in  the  maintenance  of  the  respiration)  ; 
nd^  partly  in  the  diminution  in  the  dissipation  of  the  heat  of  the  body 

*  ("Compte8  Rendus,"  1864,  p.  257.  t  "Philos.  Transact.,"  1836. 

t    Ann.  der  Chem.  und  Pharm.,"  1843  ;  transl.  in  '  Ann.  dc  Chim.  et  de  Phys.,' 
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ix.  Period  of  the  Day. — Independently  of  these  variations,  which  have 
their  source  in  the  condition  of  the  individual,  there  is  reason  to  believe 
that  there  is  a  diurnal  cycle  of  change  in  the  quantity  of  Carbonic  acidj 
exhaled ;  the  maximum  being  (cateris  paribus)  before  and  after  noon,  andl 
the  minimum  before  and  after  midnight.  From  the  experiments  on 
Scharling  upon  the  Human  subject,  it  would  appear  that  the  averagei 
proportion  exhaled  by  day  to  that  exhaled  by  night  is  as  \\  to  1 ;  andl 
this  difference  does  not  seem  to  be  affected  by  sleep  or  wakefulness.  Dr| 
Ed.  Smith  found  that  the  quantity  of  Carbonic  acid  varied  at  everjl 
moment ;  and  that  there  were  similar  hourly  variations  in  the  quantit)! 
of  Carbonic  acid  evolved,  as  in  the  rate  of  pulsations  to  which  we  havaj 
already  referred.  There  was  the  least  during  the  middle  hours  of  th| 
night,  a  slight  increase  with  sunlight,  a  large  increase  after  the  meals  j 
and  a  decrease  before  them,  and  a  prolonged  and  inevitable  fall  afte 
about  9  o'clock  p.m.  The  proportion  in  the  night  of  six  hours  to  th  jj 
day  of  18  hours  was  in  himself  as  1  :  1*8.  Most  persons  are  consciou  ij 
of  a  greater  difficulty  in  bearing  exposure  to  cold  between  midnighjij 
and  early  morning,  than  at  any  other  period  in  the  twenty-four  hours,  p 

x.  Season. — Dr.  Edward  Smith  has  investigated  the  influence  of  seaso  I 
by  determining  the  amount  evolved  at  rest,  in  the  sitting  posture,  an  | 
before  breakfast,  daily  throughout  the  year,  and  has  found  that  th  0 
greatest  amount  occurs  in  April  and  May ;  that  there  is  a  decrease  con:  \i 
mencing  in  June,  and  continuing  progressively  through  June,  July,  an  » 
August  to  September  ;  and  that  in  October,  November,  and  Decernbcif 
there  is  an  increase.    He  considers  that  there  is  a  maximum  period  (er  I 
of  Winter  and  Spring),  a  minimum  period  (end  of  Summer  to  Autumn), 
an  increasing  period  (Winter),  and  a  decreasing  period  (early  Summer}. 
The  extreme  loss  at  the  end  of  Summer  was  3  grains  of  Carbonic  aclfe 
per  minute,  or  33  per  cent.,  and  on  the  monthly  average  the  loss  was  j| 
or  18  per  cent.    He  has  applied  this  to  the  causation  and  treatment  l: 
disease,  and  has  shown  that  the  influence  of  the  rotation  of  the  seasom- 
is  a  prime  element  in  the  vis  medicatrix  natural.  Temperature  and  Barll 
metric  pressure  to  some  extent,  but  very  imperfectly,  explained  tin; 
results.    A  medium  temperature  was  accompanied  by  the  most  diverffij 
quantities  of  Carbonic  acid  at  the  different  seasons,  but  extremljfc 
exhibited  marked  influence. 

xi.  State  of  Health  or  Disease. — Upon  this  very  important  cause  it 
variation,  few  accurate  researches  have  yet  been  made.  The  percenttm 
of  Carbonic  acid  in  the  expired  air  has  been  found  to  be  unusually  gra!  j 
in  the  Exanthemata,  and  in  chronic  Skin-diseases  (Macgregor)  ;*  an(W 
has  been  stated  to  be  diminished  in  Typhus  (Malcolm).f — Thus,  tj?; 
average  proportion  in  health  being  about  4*3  per  cent.  (Vierordt),  it  ljr 
been  seen  at  8  per-  cent,  in  confluent  Small-pox,  at  5  per  cent,  in  MeaslfeJ 
and  at  7'2  per  cent,  in  a  severe  case  of  Ichthyosis  which  terminal?/; 
fatally  ;  whilst  in  Typhus  the  percentage  has  been  found  to  range  frf f» 
1-18  to  2-50.    But  these  statements  do  not  indicate  the  total  quantta 
exhaled  in  each  case. — The  remarkable  increase  of  the  exhalation!;: 
cases  of  Chlorosis  has  been  already  noticed ;  in  four  cases  recorded  j< 
Hannover  the  hourly  expiration  was  123*6,  118'6,  116-9,  and  lOfel 

*  "  Edinb.  Monthly  Journal,"  1843.       t  "  Report  of  Brit,  Assoc.,"  1843,  p.  U 
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grains ;  the  absolute  quantity  diminishing  as  the  respirations  increased 
in  rapidity. — In  chronic  diseases  of  the  respiratory  organs,  as  might  be 
anticipated,  the  amount  of  Carbonic  acid  exhaled  undergoes  a  sensible 
diminution  (Nysten*  and  Hannover). "J* — Further  researches  are  much 
needed  on  this  subject ;  but,  for  obvious  reasons,  they  cannot  be  readily 
uuide  in  severe  forms  of  disease. — The  greater  part,  if  not  the  whole,  of 
the  Oxygen  absorbed  in  respiration  is  again  eliminated  in  combination 
with  Carbon  as  Carbonic  acid.  In  the  original  experiments  of  Lavoisier 
on  Guinea  pigs,  81  per  cent,  of  the  Oxygen  thus  reappeared,  the  re- 
maining 19  per  cent.,  which  disappeared,  were  believed  by  him  to  unite 
with  hydrogen  to  form  water.  The  results  of  Eegnault  and  Keiset's  ex- 
periments on  various  animals — mammals,  birds,  reptiles,  insects,  and 
lainelidsj — were  almost  precisely  the  same ;  the  general  average  being, 
that  for  each  kilogramme  of  weight  of  the  animal,  there  were  absorbed 
per  hour  3*0219  grammes  of  oxygen ;  whilst  there  were  exhaled  3*2544 
grammes  of  Carbonic  acid :  and  they  found  that  80*5  per  cent,  of  the 
Oxygen  absorbed  was  discharged  in  combination  with  the  Carbon,  but 
considerable  variations  occurred  connected  with  the  nature  of  the  food, 
a  larger  proportion  of  the  Oxygen  absorbed  being  combined  with  Carbon, 
when  the  food  was  rich  in  Carbon,§  amounting  in  Euminants  to  about 
100  per  cent.  Pettenkofer  and  Voit||  also  found  the  proportion  of  Oxygen 
eliminated  in  the  form  of  Carbonic  acid  varied,  in  a  large  dog,  from  52*4 
to  148*2,  according  as  he  was  kept  altogether  without  food,  or  was  fed 
upon  a  mixed  diet  of  meat  and  sugar.  Further  experiments  of  the 
same  observers,^  performed  with  the  aid  of  their  elaborate  apparatus  on 
a  healthy  man,  get.  28,  weighing  132  lbs.,  fed  on  ordinary  diet,  engaged 
in  reading  and  cleaning  watches,  and  extending  over  24  hours,  gave 
the  results  shown  in  the  following  table  : — 


Period  of  the  day. 

Elimini 
C02 
through 
Lungs  in 

ition  of 
HO 
3kiu  and 
grammes. 

Amount 
of  Oxygen 
absorbed. 

Percentage  of 
the  inspired 
Oxygen  in  the 
Carbonic  Acid. 

Day. 

6  A.M. — 6  P.M.  . 

Night. 
6  P.M. — 6  A.M.  . 

Total  in  24  hours 

532*9 
378*6 

344*4 
483*8 

234*6 
474*3 

175 
58 

911*5 

828* 

708*9  |  94 

*  Ajw  days  later  the  same  man  worked  till  exhausted. 


|Day 
I  Night 

Total 


884*6 

1094*8 

294*8 

218 

399*6 

947*3 

6597 

44 

1284*2 

2042*1 

954*5 

98 

nf  lv"Wil*eW8Ky.    Arbeitcn  aus  der  Physiol.  Anstt».  •   ,     ■    ■  ■ 

al^f  h  t0  °k*'a*n  fthout  50  per  cent,  of  the  oxygen  absorbed  in  the  carbonic  acid  ex- 
it A     nJean8  of  his  new  apparatus,  in  rabbits  fed  on  cabbage  leaves. 
U  Prot.  Haughton's  Address  '  On  the  Relation  of  Food  to  Work,'  Brit.  Med. 
!  •880CIation  Meeting,  Aug.  1868.         ^  Munchener  Akad.  Beiiohte,  1867,  Nov.  10. 
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The  table  shows  a  remarkable  excess  of  the  diurnal  against  the  noc- 
turnal elimination  of  Carbonic  acid,  especially  after  work,  and  a  corre- 
sponding increase  in  the  percentage  of  the  absorbed  Oxygen  which  is 
thus  discharged.  On  the  other  hand,  the  absorption  of  Oxygen  appears 
to  take  place  most  energetically  during  the  night,  whilst,  taking  the 
whole  period  of  24  hours  into  consideration,  it  appears  that  in  both  sets 
of  experiments  from  94  to  98  per  cent,  of  the  oxygen  absorbed  is  eli- 
minated in  combination  with  Carbon  as  Carbonic  acid.  In  other  and 
still  more  recent  researches,  the  same  difference  was  not  observed*  be- 
tween the  day  and  night  absorption  of  Oxygen  and  elimination  of  Car- 
bonic acid,  and  no  definite  statement  as  to  the  exact  proportion  can 
therefore  as  yet  be  made.  The  ehmination  of  Urea  corresponded  in 
its  variations  to  that  of  the  Carbonic  acid,  being  217  grammes  by  day 
and  15*5  grammes  by  night. 

309.  The  aeration  of  the  blood  may  take  place,  not  only  by  means  of 
the  Lungs,  but  also  in  some  degree  through  the  medium  of  the  Cutaneous 
surface.    In  some  of  the  lower  tribes  of  animals,  indeed,  this  is  a  very 
important  part  of  their  respiratory  process :  and  even  in  certain  Verte- 
brata  the  cutaneous  respiration  is  capable  of  supporting  life  for  a  con- 
siderable time.  This  is  especially  the  case  in  the  Batrachia,  whose  skin  is 
soft,  thin,  and  moist ;  and  the  effect  is  here  the  greater,  since,  from  the 
small  proportion  of  the  blood  that  has ,  passed  through  the  lungs,  that 
which  circulates  through  the  system  is  very  imperfectly  arterialized.  By 
the  experiments  of  Bischoff  it  was  ascertained  that,  even  after  the  lungs  j 
of  a  Frog  had  been  removed,  a  quarter  of  a  cubic  inch  of  Carbonic 
acid  was  exhaled  from  the  skin  in  the  course  of  eight  hours.  Experi- 
ments on  the  Human  subject  leave  no  room  for  doubt,  that  a  similar 
process  is  effected  through  the  medium  of  his  general  surface,  although 
in  a  very  inferior  degree  ;  for  by  confining  the  body  in  a  close  chamber, 
into  which  the  products  of  cutaneous  respiration  could  freely  pass,  I 
whilst  the  pulmonary  respiration  was  measured  by  a  distinct  apparatus,  j 
Prof.  Scharlingf  ascertained  that  the  proportion  of  Carbonic  acid  given- j 
off  by  the  Skin  is  from  l-30th  to  l-60th  of  that  exhaled  from  theLungsl 
during  the  same  period  of  time.    Dr.  Ed.  Smith  enclosed  the  whole  of I 
his  body,  except  the  head,  in  a  caoutchouc  bag,  passed  a  current  of  airl 
through  it,  and  collected  the  Carbonic  acid.    The  whole  quantity  ob-ji 
tained  in  Summer,  including  that  found  in  the  air  of  the  room,  was  61 
grains  per  hour,  or  somewhat  more  than  1  per  cent,  of  the  amountl 
passing  off  by  the  Lungs.    Moreover,  it  has  been  observed,  not  unfre-j 
quently,  that  the  livid  tint  of  the  skin  which  supervenes  in  Asphyxia, 
owing  to  the  non-arterialization  of  the  blood  in  the  lungs,  has  givenl 
place  after  death  to  the  fresh  hue  of  health,  owing  to  the  reddening  on 
the  blood  in  the  cutaneous  capillaries  by  the  action  of  the  atmosphere! 
upon  them ;  and  it  does  not  seem  improbable  that,  in  cases  of  obstruct 
tion  to  the  due  action  of  the  lungs,  the  exhalation  of  Carbonic  acioj 
through  the  skin  may  undergo  a  considerable  increase ;  for  we  find  » 
similar  disposition  to  vicarious  action  in  other  parts  of  the  excreting 
apparatus.  There  is  also  evidence  that  the  interchange  of  gases  between  j 
the  air  and  the  blood,  through  the  Skin,  has  an  important  share  nl 

*  Op.  cit.,  Feb.  1867.  t  "Ann.  der  Chem.  und  Pliarm,"  1846. 
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keeping-up  the  temperature  of  the  body  (chap,  xii.);  and  we  find  the 
temperature  of  the  surface  much  elevated  in  many  cases  of  pneumonia, 
,  phthisis,  &c,  in  which  the  lungs  seem  to  perform  their  function  very 
insufficiently. 

310.  The  total  amount  of  Carbonic  acid  daily  given-off  from  the  Skin 
md  Lungs  may  be  estimated  in  another  mode — namely,  by  determining 
he  total  amount  of  Carbon  contained  in  the  ingesta,  and  the  amount 
xoreted  in  other  ways,  making  allowance  for  the  difference  in  weight 
(if  any)  of  the  body.  In  this  mode,  Prof.  Liebig  came  to  the  conclusion, 
that  the  average  amount  of  carbon  exhaled  by  soldiers  in  barracks  was 
lo'Q  oz.  (Hessian)  or  very  nearly  14  oz.  troy.    From  similar  collective 
observations  upon  the  inmates  of  the  Bridewell  at  Marienschloss  (a 
orison  where  labour  is  enforced),  he  calculated  that  each  individual  ex- 
jaled  10*5  oz.  of  Carbon  daily  in  the  form  of  Carbonic  acid ;  while  in  a 
3rison  at  Giessen,  whose  inmates  are  deprived  of  all  exercise,  the  daily 
iverage  was  but  8*5  oz.*    It  has  been  shown  by  Prof.  Scharling,f  that 
he  total  amount  of  carbon  contained  in  the  daily  allowance  of  food  and 
rlrink  in  the  Danish  Navy  is  somewhat  less  than  10' 5  oz. ;  and  as  we 
.shall  presently  see  that  from  l-10th  to  l-12th  of  the  carbon  ingested 
i^sses-off  through  other  channels,  scarcely  more  than  9*5  of  this  amount 
i;;an  be  consumed  by  the  respiratory  process. — A  very  exact  estimate, 
;  hough  based  on  more  limited  data,  was  made  by  M.  Barral ; J  who  ex- 
perimented upon  himself  (set.  29)  in  winter  (a)  and  in  summer  (b), 
'  ipon  a  boy  6  years  old  (c),  upon  a  man  59  years  old  (d),  and  upon  an 
'.nmarried  woman  of  32  years  (e).  The  following  table  gives  the  results 
!  .'hich  he  obtained,  from  an  average  of  five  days,  in  regard  to  the  dis- 
posal of  the  Carbon  of  the  food;  those  which  relate  to  its  Nitrogen, 
i  lydrogen,  and  Oxygen  will  be  noticed  subsequently  (§§  312,  313). 


Weight  of  Body.  Carbon  of  Food. 

I  IA      104-5  lbs.  ...     5654-1  grs 

I  (B    ...     4090-0  „ 

C        33     „  ...     2382-3  „ 

I  3D      129*1  „  ...     5123-0  „ 

I  IE      134-6  „  ...     4520-8  „ 


Carbon  excreted. 

In  Fseces.     In  Urine.     By  exhalation. 
236-2  grs.  2 34 -6  grs.  5183-3  grs. 


137-4 

>> 

211-5 

it 

3741-1 

!! 

149-7 

» 

67-9 

)> 

2164-7 

>) 

210-0 

327-3 

>) 

4585-7 

» 

64-8 

>i 

216-1 

>> 

4239-9 

hus  the  average  amount  of  the  Carbon  daily  consumed  in  pulmonary 
id  cutaneous  exhalation  by  M.  Barral  himself,  was  in  winter  5183*3 
, ^ahis,  or  10'8  oz.  troy  ;  whilst  in  summer  it  was  but  3741-1  grains, 
8  oz.  troy ;  this  difference  is  quite  conformable  to  what  might  have 
3en  anticipated  from  the  results  of  a  different  mode  of  experimenting 
308,  i.);  and  it  throws  some  light  on  the  discrepancies  in  the  results 
other  measurements,  to  find  that  the  seasonal  variation  is  scarcely  less 
i  an  one-third  of  the  mean  between  these  two  amounts.  The  other  results 
'  rrespond  closely  with  the  statements  of  MM.  Andral  and  Gavarret,  in 
gard  to  the  higher  proportion  of  Carbonic  acid  exhaled  (as  compared 
th  the  bulk  of  the  body)  by  children,  and  the  smaller  proportion 
■  rown-off  by  men  advanced  in  years,  and  by  women.  In  some  experi- 
I   mts  made  on  himself  in  Pettenkofer's  apparatus,  Eanke  (weighing 

*  Op.  cit.,  p.  46.  f  "  Ann.  dor  Chem.  und  Pharm.,"  1846. 

t  "  Ann.  dc  China,  ct  de  Phys.,"  torn.  xxv. 
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161  lbs.)  found  that  when  at  rest  and  fasting,  10,190  grains  of  Carbonij, 
acid  or  2779  grains  of  Carbon  were  eliminated  in  twenty-four  hours  b| 
the  Skin  and  Lungs,  whilst  with  as  full  a  diet  as  possible  the  amount 
was  13,278  grains  of  Carbonic  acid,  or  3621  grains  of  Carbon. 

311.  It  is  not  only  by  an  oxygenated  atmosphere  that  the  removal  qji 
Carbonic  acid  from  the  blood  may  be  effected.  For  although  it  was  foil 
merly  supposed  that  the  exhaled  Carbonic  acid  is  generated  in  the  lund| 
by  the  combination  of  atmospheric  oxygen  with  the  carbonaceous  mall 
ters  of  the  blood,  and  that  the  inhalation  of  oxygen  is  therefore  imml^ 
diately  necessary  for  its  production,  yet  it  is  now  quite  certain  that  thn 
Carbonic  acid  exists  preformed  in  venous  blood,  and  that  the  oxygj] 
introduced  is  carried  into  the  arterial  circulation,  instead  of  being  Jj 
once  returned  to  the  air  in  a  state  of  Carbonic  acid  (§  190).    Hence  m 
exhalation  of  Carbonic  acid  may  continue  for  a  considerable  period  (II 
cold-blooded  animals  especially),  whilst  the  animal  is  breathing  m 
atmosphere  in  which  no  oxygen  exists.    Thus  it  was  shown  by  Spall 
lanzani,*  that  snails  might  be  kept  for  a  long  time  in  Hydrogen,  witho|| 
apparent  injury  to  them ;  and  that  during  this  period  they  disengagfl 
a  considerable  amount  of  Carbonic  acid.    Dr.  Edwardsf  subsequent!! 
ascertained  that,  when  Frogs  were  kept  in  hydrogen  for  several  houfl 
the  quantity  of  Carbonic  acid  exhaled  was  fully  as  great  as  it  would  hafc 
been  in  atmospheric  air,  or  even  greater ;  this  latter  fact,  which  howe-JI 
is  very  doubtful,  might  be  accounted-for  by  the  superior  displacing  powjb 
which  (on  the  laws  of  the  diffusion  of  gases)  hydrogen  possesses  for  Cam 
bonic  acid.  Collard  de  MartignyJ  repeated  this  experiment  in  Nitroglfi 
with  the  same  results.    In  both  sets  of  experiments,  the  precaution  vji 
used  of  compressing  the  flanks  of  the  animal,  previously  to  immersing  itlp 
the  gas,  so  as  to  expel  from  the  lungs  whatever  mixture  of  oxygen  thfe 
might  contain.    These  experiments  have  been  since  repeated  by  Mulrc 
and  Bergemann,  who  took  the  additional  precaution  of  removing,  mi 
means  of  the  air-pump,  all  the  atmospheric  air  that  the  lungs  of  m 
frog  might  previously  contain,  together  with  the  Carbonic  acid  that  mi»n 
exist  in  the  alimentary  canal.  They  found,  in  one  of  their  experiment 
that  the  quantity  of  Carbonic  acid  exhaled  in  hydrogen  was  nearh] 
cubic  inch  in  6|  hours ;  and  in  another,  that  nearly  the  same  arnoft: 
was  given-off  in  nitrogen,  though  this  required  rather  a  longer  per* 
It  appears  from  the  table  of  their  results,§  that  the  amount  was  n 
ordinarily  greater  in  the  experiments  which  were  prolonged  for  twej'  • 
or  fourteen  hours,  than  in  those  which  were  terminated  in  half  the  timi 
hence  it  may  be  inferred,  that  the  quantity  which  the  blood  is  itr, 
capable  of  disengaging  is  limited,  and  that  the  absorption  of  oxygej 
necessary  to  enable  Carbonic  acid  to  be  continuously  set-free  fromjr, 
body. — It  is  impossible,  however,  for  an  adult  Bird  or  Mammal  to  i 
tain  life  for  any  considerable  time  in  an  atmosphere  deprived  of  oxyg 
since  the  greatly-increased  rapidity  and  energy  of  all  their  vital  opq 
tions  necessitate  a  much  more  constant  supply  of  this  vivifying  agl 

*  "Memoires  sur  la  Respiration,"  traduit  par  Senebier,  Geneve,  1804. 
t  "  De  l'lnfluence  des  Agens  Physiques  sur  la  Vie,"  Paris,  1824.  •II 
J  'Recherches  Experimentales,'  &c.  in  Magendie's  "Journal  de  Fhysioiopj 
torn.  x.  .  aQ 

§  Muller's  "Elements  of  Physiology,"  translated  by  Baly,  vol.  i.  p.  «»• 
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than  is  needed  by  the  inferior  tribes ;  and,  as  we  shall  presently  see, 
;he  capillary  action  requisite  for  the  passage  of  the  blood  through  the 
un(TS  wjil  not  take  place  without  it  (§  318).  But  Dr.  Edwards  has  shown 
hat  young  Mammalia  can  sustain  life  in  an  atmosphere  of  hydrogen  or 
•itrogen,  for  a  sufficient  length  of  time  to  exhale  a  sensible  amount  of 
Carbonic  acid ;  so  that-  the  character  of  the  process  is  clearly  proved  to 
>e  the  same  in  warm-blooded  animals  as  in  Eeptiles  and  Invertebrata. 

312.  Much  discussion  has  taken  place  with  regard  to  the  degree  in 
rhioh  the  proportion  of  Nitrogen  in  the  air  is  affected  by  Eespiration. 
t  seems  probable  that  the  absorption  and  exhalation  of  this  gas  are  con- 
imially  taking  place  ;  but  that  the  two  amounts  usually  nearly  balance 
ach  other.*    On  the  whole,  however,  there  is  adequate  reason  to  believe 
hat  Nitrogen  is  ordinarily  given-off;  this  being  the  joint  result  of  the 
nalysis  of  the  expired  air,  and  of  the  comparison  of  the  amount  of 
itrogen  given-off  in  the  other  excretions  with  that  ingested  as  a  con- 
ituent  of  the  food.    In  some  experiments  made  by  Eegnault  and 
ieiset,  on  the  composition  of  the  expired  air  in  various  warm-blooded 
nimals,  they  arrived  at  the  following  conclusions: — (1).  That  warm- 
looded  animals  subjected  to  their  ordinary  regimen  exhale  nitrogen, 
■  ut  never  in  larger  proportion  than  l-50th,  and  sometimes  in  less  than 
-100th,  of  the  oxygen  consumed; — (2).  That  in  a  state  of  inanition, 
limals  usually  absorb  nitrogen  ; — (3).  That  animals  whose  usual  diet 
as  been  changed,  usually  absorb  nitrogen  until  they  are  accustomed  to 
[:  leir  new  food.f — Voit,J  in  experiments  on  pigeons  extending  over  124 
•lys,  found  that  little  or  no  nitrogen  is  eliminated  by  the  lungs  in  these 
limals,  since  the  amount  contained  in  the  urine  and  fasces  was  equal  to 
|  ithin2*3percent.of  that  ingested.  Thisresultis  in  marked  contrast  to  that 
)tained  by  Boussingault,  who  found  a  deficit  of  35  per  cent,  of  nitrogen 
the  fasces  and  urine  when  compared  with  that  contained  in  the  food. 
I  rom  Seegen's  researches  on  dogs,§  it  appears  that  although  generally 
Le  greater  part  of  the  nitrogen  is  eliminated  as  urea,  under  certain  cir- 
mstances,  a  large  portion  (one-half)  may  be  discharged  by  other 
I  annels,  a  portion  probably  escaping  by  the  lungs.    Barral  estimated 
I  at  the  amount  of  nitrogen  which  (being  otherwise  unaccounted  for) 
ist  be  considered  to  have  passed-off  by  the  lungs  and  skin  in  Man,  varied 
•m  l-75th  (in  an  adult)  to  l-143rd  (in  a  child)  of  the  oxygen  con- 
med,  the  former  proportion  agreeing  very  well  with  that  deduced  by 
I  M.  Regnault  and  Eeiset  from  their  experiments  on  animals. — Accord- 
i  I  to  Dr.  Eichardson||  and  Lossen,^"  a  trace  of  ammonia,  which  may 
I  ssibly,  as  the  latter  thinks,  be  derived  from  the  passage  of  the  air 
I  fir  carious  teeth,  or  over  decomposing  remains  of  food  lodged  in 
I  nute  crevices  between  the  teeth,  is  generally  to  be  discovered.  Its 
al  quantity  does  not  exceed  10  milligrammes  per  diem. 

I  The  alterations  effected  in  the  Blood  by  Eespiration  have  already  been 

I I  ly  considered.    See  §§  189-190.] 

I  conBiderations  which  render  this  probable,  see  especially  Dr.  W.  F. 

I  vards  "On  the  Influence  of  Physical  agents  on  Life,"  part  iv.  chap.  xvi.  sect.  2,  3. 

Ann.  de  Chim.  et  de  Phys.,"  1849  ;  and  "  Mem.  de  Chim.  Agric,"  1854,  p.  31. 
uenle  and  Meissner's  "  Bericht,"  1862,  p.  342,  and  1866,  p.  390. 
i     w  wiicr  Sitzungsberichte,"  1867,  Bd.  Iv.  March. 

ine ,  Cause  of  the  Coagulation  of  the  Blood,"  1857,  p.  360. 

^eits.  fur  Biologie,"  Bd.  i.  p.  207. 
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313.  Exhalation  and  Absorption  through  the  Lungs. — The  Air  expire 
from  the  lungs  differs  from  that  which  was  introduced  into  them,  n 
merely  in  the  altered  proportions  of  its  Oxygen,  Nitrogen,  and  Carboni 
acid,  but  also  in  having  received  (under  ordinary  circumstances  at  leas 
a  large  addition  to  its  watery  vapour).    This  it  doubtless  acquires 
accordance  with  physical  laws,  through  its  exposure  to  the  w 
blood  which  is  spread-out  over  a  very  extensive  surface,  the  interm 
diate  membrane  being  extremely  permeable  ;  and  the  variations  in  i 
amount  will  depend  upon  the  physical  conditions  under  which  that  e 
posure  takes  place.  The  air  expired  in  ordinary  respiration  is  charged  wi 
as  much  watery  vapour  as  saturates  it  at  the  temperature  of  the  body ;  a 
consequently  the  amount  of  watery  vapour  thus  exhaled  will  vary  (ft 
equal  volumes  of  air  at  any  given  temperature)  in  the  inverse  proporti 
to  that  which  the  air  previously  contained.    But  when  the  air  is  ve 
cold  and  very  dry,  and  the  respiration  is  unusually  rapid,  it  may  n 
remain  sufficiently  long  in  the  air-cells  to  be  raised  to  the  temperature 
the  body,  or  to  be  fully  saturated  with  moisture.    The  amount  of  wate 
vapour  exhaled,  moreover,  will  of  course  depend  in  part  upon  the  quanti 
of  air  which  passes  through  the  lungs.    And  from  these  causes  of  diff 
rence,  it  happens  that  the  amount  of  watery  vapour  exhaled  in  twen 
four  hours  may  vary  from  about  6  oz.  to  27  oz. ;  its  usual  range,  ho 
ever,  being  between  7  and  11  oz.    Weyrich*  estimates  the  amount 
insensible  perspiration  by  the  skin  and  lungs  for  a  man  weighing  125  1 
at  14,500  grains  or  2  lbs.  avoirdupois  per  diem,  and  the  proportion 
water  discharged  by  the  skin  to  that  by  the  lungs  as  2  :  3.  Dr.  Ed.  Smi 
found  that  during  a  long  fast  the  quantity  of  vapour  exhaled  by  t 
lungs  was  2-02  grs.  per  minute,  or  *548  gr.  in  every  100  cub.  in. 
expired  air.    With  food  and  at  rest,  the  quantity  varied  from  3  grs. 
3'4  grs.  per  minute.    The  inhalation  of  alcoholic  vapours  increased 
quantity  of  vapour  exhaled  ;  when  alcohol  was  drunk  the  quantity 
also  increased,  but  it  was  decreased  under  the  action  of  gin. — Of 
fluid  ordinarily  exhaled  with  the  breath,  a  part  doubtless  proceeds  fr 
the  moist  lining  of  the  nostrils,  fauces,  &c. ;  but  it  is  indisputable 
the  greater  proportion  of  it  comes  from  the  lungs,  since,  when 
respiration  is  entirely  performed  through  a  canula  introduced  into 
trachea,  the  amount  of  watery  vapour  which  the  breath  contains  is  s 
very  considerable.    Of  the  proper  pulmonary  exhalation,  there  can 
no  doubt  that  the  greater  part  is  the  mere  surplus-water  of  the  bio 
and  especially  of  the  crude  fluid  which  has  been  newly  introduced 
the  circulating  current  by  the  process  of  nutritive  absorption, 
there  is  strong  evidence  that  Hydrogen  as  well  as  Carbon  underg 
combustion  in  the  system,  and  that  a  portion  of  the  exhaled  aque 
vapour  is  the  product  of  that  combustion.    For  of  the  hydrogen  wb 
the  food  contains,  not  more  than  from  l-8th  to  l-10th  passes-off  by 
other  excretions,  the  remaining  7-8ths  or  9-10ths  being  exhaled  in 
condition  of  watery  vapour  from  the  lungs.    A  portion  of  the  oxy 
which  this  vapour  contains  is  supplied  by  the  food  ;  but  there  is  usu 
a  considerable  surplus  of  hydrogen,  and  this  can  only  be  converted 
water  at  the  expense  of  oxygen  derived  from  the  atmosphere. 

*  "Observations,"  &c,  Dorpat,  1865,  8vo. 
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314.  The  fluid  thrown-off  from  the  lungs  is  not  pure  water.    It  holds 
in  solution,  as  might  have  been  expected,  a  considerable  amount  of  Car- 
bonic acid,  and  also  some  animal  matter,  which,  from  the  inquiries  of  Dr. 
B.  A.  Smith,*  would  appear  to  be  an  albuminous  substance  in  a  state  of 
decomposition.    According  to  Wiederhold,f  the  Chloride  of  Sodium  and 
Vmmonium,  Uric  Acid  and  the  Urates  of  Soda  and  Ammonia,  may  be 
letected  in  the  expired  air.    If  the  fluid  be  kept  in  a  closed  vessel,  and 
ie  exposed  to  an  elevated  temperature,  a  very  evident  putrid  odour  is 
'vhaled  by  it.    Every  one  knows  that  the  breath  itself  has,  occasionally 
n  some  persons,  and  constantly  in  others,  a  foetid  taint ;  when  this  does 
.not  proceed  from  carious  teeth,  ulcerations  in  the  air-passages,  disease  in 
he  lungs,  or  other  similar  causes,  it  must  result  from  the  excretion  of 
he  odorous  matter,  in  combination  with  watery  vapour,  from  the  pul- 
monary surface.    That  this  is  the  true  account  of  it,  seems  evident  from 
ihe  analogous  phenomenon  of  the  excretion  of  turpentine,  camphor, 
•lcohol,  and  other  odorous  substances,  which  have  been  introduced  into 
rhe  venous  system,  either  by  natural  absorption,  or  by  direct  injection  ; 
dnd  also  from  the  suddenness  with  which  it  often  manifests  itself,  when 

!  ie  digestive  apparatus  is  slightly  disordered,  apparently  in  consequence 
tf  the  entrance  of  some  mal-assimilated  matter  into  the  blood.  Among 
ie  substances  occasionally  thrown-off  by  the  lungs,  Phosphorus  deserves 
special  mention,  on  account  of  the  peculiarity  of  the  form  under  which 
is  eliminated;  for  it  has  been  found  that  if  phosphorus  be  mixed  with 
.1,  and  be  injected  into  the  bloodvessels,  it  partly  escapes  in  an  unoxi- 
zed  state  from  the  lungs,  rendering  the  breath  luminous. J    And  this 
inous  breath  has  also  been  observed  in  spirit-drinkers,  in  whom  the 
dation  of  the  effete  matters  of  the  system  is  impeded,  in  consequence 
the  demand  set-up  by  the  alcohol  ingested  for  the  oxygen  introduced 
308,  vi.). 

315.  Not  only  exhalation,  but  also  (under  peculiar  circumstances) 
sorption  of  fluid  may  take  place  through  the  Lungs.  Thus  Dr.  Madden§ 
s  shown  that,  if  the  vapour  of  hot  water  be  inhaled  for  some  time 
;ether,  the  total  loss  by  exhalation  is  so  much  less  than  usual,  as  to 

cate  that  the  cutaneous  transpiration  is  partly  counterbalanced  by 
onary  absorption  ;  the  pulmonary  exhalation  being  at  the  same  time 
tirely  checked.  It  is  probable  that,  if  the  quantity  of  fluid  in  the  blood 
d  been  previously  diminished  by  excessive  sweating,  or  by  other 
ious  fluid  secretions,  the  pulmonary  absorption  would  have  been 
ch  greater.    Still  in  the  cases  formerly  mentioned  (§  140),  in  which 
arge  increase  in  weight  could  only  be  accounted-for  on  the  supposition 
absorption  of  water  from  the  atmosphere,  it  seems  probable  that  the 
■neous  surface  was  chiefly  concerned ;  for  it  can  only  be  when  the 
introduced  into  the  lungs  is  satiated  with  watery  vapour,  that 
!  usual  exhalation  will  be  checked,  or  that  any  absorption  can  take 
ce. 

316.  That  absorption  of  other  volatile  matters  diffused  through  the 
however,  is  continually  taking  place  by  the  Lungs,  is  easily  demon- 
ted.  A  familiar  example  is  the  effect  of  the  inhalation  of  the  vapour 

"Philosophical  Magazine,"  vol.  xxx.  p.  478.        f  " Deutsche  Klinik,"  1858. 
t  "  Casper's  Wochenschrift,"  1849,  Bd.  xv. 
§  "  Prize  Essay  on  Cutaneous  Absorption,  p.  55. 
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of  Turpentine  upon  the  urinary  excretion.    It  can  only  be  in  this  manner 
that  those  gases  act  upon  the  system,  which  have  a  noxious  or  poisonous 
effect  when  mingled  in  small  quantities  in  the  atmosphere ;  and  it  is  I 
most  astonishing  to  witness  the  extraordinary  increase  in  potency  which! 
many  substances  exhibit,  when  they  are  brought  into  relation  with  thej 
blood  in  the  gaseous  form.    The  most  remarkable  example  of  this  kinc 
is  afforded  by  Arseniuretted  Hydrogen,  the  inspiration  of  a  few  hun- 
dredths of  a  grain  of  which  has  been  productive  of  fatal  consequences] 
the  resulting  symptoms  being  those  of  arsenical  poisoning.    Next  to  this] 
perhaps,  in  deleterious  activity,  is  Sulphuretted  Hydrogen  ;  but  it  would 
seem  that  the  effects  of  this  gas  upon  the  Human  subject  are  scarcely  scj 
violent  as  they  are  upon  animals ;  for  though  it  has  been  found  that  thJ 
presence  of  l-500th  part  of  it  in  the  respired  air  will  destroy  a  bird  iJ 
a  very  short  time,  that  l-800th  part  suffices  to  kill  a  dog,  and  tha 
l-250th  part  is  fatal  to  a  horse,  yet  M.  Parent-Duchatelet  has  affirmej 
that  workmen  habitually  breathe  with  impunity  an  atmosphere  containing 
one  per  cent.,  and  that  he  himself  has  respired,  without  serious  symptoc 
ensuing,  air  which  contained  three  per  cent.    There  can  be  no  doubl 
however,  that  the  continued  inhalation  of  air  thus  contaminated  woi 
be  speedily  fatal.    Sulphuretted  hydrogen  and  Hydro- sulphur et  of  anj 
monia  are  given  off  from  most  forms  of  decaying  animal  and  vegetabl 
matter  ;  and  it  is  undoubtedly  to  the  accumulation  of  these  gases,  tha 
the  fatal  results  which  sometimes  ensue  from  entering  sewers  are  to 
chiefly  attributed. — Antimoniuretted  and  Phosphuretted  hydrogen 
also  be  included  with  the  above  as  poisonous  gases.    These  all  oxid 
themselves  at  the  expense  of  the  oxygen  of  the  blood,*  and  as  a  residt 
this  appropriation,  induce  dyspnoea,  convulsions,  and  asphyxia.  Oth} 
poisonous  gases,  as  Carbonic  oxide,f  Deutoxide  of  Nitrogen,  and  Cyanj 
retted  hydrogen,  according  to  Hermann,^  form  a  group  that  displace 
oxygen  and  enter  into  combination  with  the  haemoglobin,  producing! 
clear  red  solution,  and  inducing  the  same  symptoms  as  the  forma 
Deutoxide  of  Nitrogen  is,  however,  properly  included  under  the  ii 
spirable  gases.    Other  poisonous  gases  again,  as  Protoxide  of  Nitroga 
Olefiant  gas,  Chloroform,  and  Carbonic  acid,  are  intoxicating  in  tha 
properties,  affecting  the  functions  of  the  brain,  and  ultimately  producil 
a  narcotic  effect.    Amongst  the  irrespirable  gases  which,  unless  ei 
ceedingly  diluted,  induce  spasm  of  the  glottis,  may  be  enumerated  Ca 
bonic  acid,  Hydrochloric  acid,  Binoxide  and  Peroxide  of  Nitrogd 
Ammonia,  Chlorine,  and  Ozone.    If  introduced  through  a  tracheal  fis 
all  of  them  act  as  poisons.    Finally,  Nitrogen,  Hydrogen,  and  perliEj 
Carburetted  hydrogen,  may  be  considered  as  indifferent  gases,  pro^ 
fatal  when  breathed  in  a  state  of  purity,  by  permitting  the  accumulati 
of  Carbonic  acid  in  the  blood,  and  by  failing  to  supply  oxygenj 
Cyanogen  is  another  gas  which  has  an  actively-poisonous  influence  uf 
animals,  when  absorbed  into  the  lungs  ;  its  agency  is  of  a  narcotic  c^ 
racter,  but  has  not  been  accurately  investigated. 

*  See  the  experiments  of  Kaufmann  and  Rosenthal  on  the  action  of  Sulpburel 
Hydrogen,  in  Reichert's  "Archiv,"  1865,  Heft  vi. ;  those  of  Hoppe-Seyler  on  J 
same  and  on  Antimoniuretted  and  Arseniuretted  Hydrogen,  "  Med.  Chem.  Unten 
Heft  'i  p  133,  and  those  of  Dybkowsky  on  Phosphuretted  Hydrogen. 

+  See  Traube,  Gurlt's  "Verhand.  d.  Berlin.  Gesellsch.,"  1866,  p.  67. 

t  "  Physiologie,"  1868,  p.  152. 
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317.  It  is  singular  that  the  effects  of  the  respiration  of  pure  Oxygen 
should  not  be  dissimilar.  At  first  the  rapidity  of  the  pulse  and  the 
number  of  the  respirations  are  increased,  and  the  animal  appears  to  suffer 
little  or  no  inconvenience  for  an  hour ;  but  symptoms  of  coma  then 
gradually  develope  themselves,  and  death  ensues  in  six,  ten,  or  twelve 
hours.  If  the  animals  be  removed  into  the  air  before  the  insensibility 
is  complete,  they  quickly  recover.  When  the  body  is  examined,  the 
heart  is  seen  beating  strongly,  while  the  diaphragm  is  motionless ;  the 
whole  blood  in  the  veins,  as  well  as  in  the  arteries,  is  of  a  bright  scarlet 
colour ;  and  several  of  the  membranous  surfaces  have  the  same  tint. 
The  blood  is  observed- to  coagulate  with  remarkable  rapidity  ;  and  it  is 
to  the  alteration  in  its  properties  occasioned  by  hyper-arterialization 
(§  191),  and  indicated  by  this  condition,  that  we  are  probably  to  attribute 
the  fatal  result.  There  can  be  no  doubt  that,  in  this  instance,  an  undue 
amount  of  oxygen  is  absorbed ;  and  it  does  not  seem  unlikely  that  whilst 
one  cause  of  the  fatal  result  is  a  stagnation  of  the  blood  in  the  systemic 
capillaries,  consequent  upon  the  want  of  sufficient  change  in  its  passage 
through  them  (§  268),  another,  and  perhaps  still  more  important  one, 
is  to  be  found  in  the  diminished  activity  of  the  respiratory  nervous 
centres,  consequent  upon  the  presence  in  their  capillaries  of  blood  sur- 
charged with  oxygen  (§  292).  When  Nitrogen  or  Hydrogen  is  breathed 
or  any  length  of  time,  death  results  from  the  deprivation  of  Oxygen, 
•ather  than  from  any  deleterious  influence  which  these  gases  themselves 
jxert. — Death  is  also  caused  by  the  inhalation  of  several  gases  of  an 
rritant  character,  such  as  Sulphurous,  Nitrous,  and  Muriatic  acids ;  but 
t  is  doubtful  how  far  they  are  absorbed,  or  how  far  their  injurious 

:  :ffects  are  due  to  the  abnormal  action  which  they  excite  in  the  lining 
f  Qembrane  of  the   air-cells  and  tubes. — It  cannot  be  doubted  that 

liasmata  and  other  morbific  agents  diffused  through  the  atmosphere, 
j:  re  more  readily  introduced  into  the  system  through  the  pulmonary 
|  orface  than  by  any  other;  and  our  aim  should  therefore  be  directed  to 
|  ie  discovery  of  some  counteracting  agents,  which  can  be  introduced  in 
I  je  same  manner.    The  Pulmonary  surface  affords  a  most  advantageous 

:aannel  for  the  introduction  of  certain  medicines  that  can  be  raised  in 
b  apour,  when  it  is  desired  to  affect  the  system  with  them  speedily  and 
|  werfully;  such  is  pre-eminently  the  case  with  those  Anaesthetic 
|  jenta,  ether  and  chloroform,  whose  introduction  into  the  various  de- 
I  irtments  of  Medical  and  Surgical  practice  constitutes  a  most  important 

'a  m  the  history  of  the  healing  art;  also  with  Mercury,*  Iodine, 
4  obacco,  Stramonium,  &c. 

3.  Effects  of  Suspension  or  Deficiency  of  Respiration. 

318.  We  have  now  to  consider  the  results  of  the  cessation  of  the 
j  -spiratory  function,  and  the  consequent  retention  of  Carbonic  acid  in 
1  e  blood.  If  this  be  sufficiently  prolonged,  a  condition  ensues  to  which 
|  9  name  of  Asphyxia  has  been  given;  the  essential  character  of  which 
|  the  cessation  of  muscular  movement,  and  shortly  afterwards  of  the 
|  filiation ;  with  an  accumulation  of  blood  in  the  venous  system.  The 

['  it  T^C-bei[!reficial  results  of      introduction  of  Mercury  by  inhalation,  are  strikingly 
I  Inn!?  m  ,  £  Lang9t™  Parker's  Essay  on  "  The  Treatment  of  Secondary,  Consti- 
>  lonal,  and  ConBrmed  Syphilis." 
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time  which  is  necessary  for  life  to  be  destroyed  by  Asphyxia  varies  much 
not  only  in  different  animals,  but  in  different  states  of  the  same.  Thu 
warm-blooded  animals  are  much  sooner  asphyxiated  than  Reptiles  o 
Invertebrata ;  on  the  other  hand,  a  hybernating  Mammal  supports  lif 
for  many  months,  with  a  respiration  sufficiently  low  to  produce  speed 
asphyxia  if  it  were  in  a  state  of  activity.    And  among  Mammalia  an 
Birds,  there  are  many  species  which  are  adapted,  by  peculiarities  of  co 
formation,  to  sustain  a  deprivation  of  air  for  much  more  than  t" 
average  period.*    Excluding  these,  it  may  be  stated  as  a  general  fac 
that  if  a  warm-blooded  animal  in  a  state  of  activity  be  deprived 
respiratory  power,  its  muscular  movements  (with  the  exception  of 
contraction  of  the  heart)  will  cease  within  five  minutes,  often  witv 
three ;  and  that  the  circulation  generally  fails  within  ten  minutes.  Th 
in  the  experiments  made  by  the  Committee  of  the  Royal  Medic 
Chirurgical  Society,-]"  which  are  corroborated  by  the  more  recent  ones 
M.  P.  Bert,J  it  was  found  that  when  death  by  drowning  took  pla 
rapidly,  it  was  due  to  the  entrance  of  Water  into  the  lungs ;  and  th 
if  the  entrance  of  air  into  the  lungs  was  prevented  by  suddenly  inseri? 
a  cork  into  a  glass  tube  tightly  tied  into  the  trachea,  the  average  dur 
tion  of  the  efforts  to  inspire  was  4  minutes  5  seconds  in  dogs,  a: 
3  minutes  25  seconds  in  rabbits ;  whilst  the  average  duration  of  t 
heart's  action  was  7  minutes  11  seconds  in  dogs,  and  7  minutes  10  seco" 
in  rabbits.    It  was  found  also  that  in  simple  Apncea  recovery  mi 
take  place  after  deprivation  of  air  for  3  minutes  50  seconds,  whilst  i 
mersion  for  \\  min.  was  usually  fatal. — Brown-S6quard§  has  shown 
numerous  experiments,  that  both  newly-born  animals  and  adults 
capable  of  resisting  the  Asphyxia  which  results  from  submersion,  by 
much  longer  a  period  as  their  temperature  is  lower,  providing  it  does 
descend  below  64°  F.    As  a  general  rule,  the  newly-born  animal 
survive  submersion  for  a  longer  period  than  the  adult ;  this,  howe 
does  not  hold  in  the  case  of  guinea-pigs.    Of  14  newly-born  rab 
submersed  in  water  at  77°  F.,  5  had  a  temperature  of  96|-°  F.,  and 
vived,  on  the  average,  12|  minutes:  4  had  a  temperature  of  82 
89°  F.,  and  survived  17  minutes :  lastly,  5  had  a  temperature  of 
64°  to  70°  F.,  and  these  survived,  on  an  average,  26|  minutes, 
newly-born  dog  will  survive,  if  its  temperature  be  low,  an  immersio 
50  minutes'  duration. — Many  persons  are  capable  of  sustaining  a 
privation  of  air  for  two,  three,  or  even  four  minutes,||  without  inse 

*  Thus,  the  Cetacea  contain  far  more  blood  in  their  vessels,  than  do  any 
Mammalia ;  and  these  vessels  are  so  arranged,  that  both  arteries  and  veins  a 
connexion  with  large  reservoirs  or  diverticula.     The  reservoirs  belonging  t 
former  are  usually  full ;  but  when  the  Whale  remains  long  under  water,  the 
which  they  contain  is  gradually  introduced  into  the  circulation,  and  after  beco 
venous,  accumulates  in  the  reservoirs  connected  with  the  venous  system.  By 
of  this  provision,  the  Whale  can  remain  under  water  for  more  than  an  hour. 

f  "Trans.,"  vol.  xlv.  p.  449.  t  "Gaz.  Medicale,"  1865,  p.  79. 

§  "  Journal  de  la  Phys.,"  vol.  ii.  p.  98  et  seq.  _ 

II  Dr.  Hutchinson  states  tbat  any  man  of  ordinary  '  vital  capacity '  can  pas 
minutes  without  breathing,  if  he  first  makes  five  or  six  forcible  inspirations  and 
rations  so  as  to  cleanse  the  lungs  of  the  old  air,  and  then  fills  his  chest  as  conip 
as  he  can.  "  For  the  first  15  seconds  a  giddiness  will  be  experienced ;  but  wbe 
leaves  us,  we  do  not  feel  the  slightest  inconvenience  from  want  of  air."  (See  "C 
of  Anat.  and  Phys.,"  vol.  iv.  p.  1066.) 
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bility  or  any  other  injury ;  but  this  power,  which  seems  possessed  to 
the  greatest  degree  by  the  divers  of  Ceylon,  can  only  be  acquired  by 
habit.  The  period  during  which  remedial  means  may  be  successful  in 
restoring  the  activity  of  the  vital  and  animal  functions,  is  not,  however, 
restricted  to  this.  There  is  one  well-authenticated  case,  in  which  re- 
covery took  place  after  .a  continuous  submersion  of  fifteen  minutes  :* 
and  many  others  are  on  record,  of  the  revival  of  drowned  persons  after 
an  interval  of  half  an  hour,  or  even  more ;  but  there  is  not  the  same 
certainty  in  regard  to  these,  that  the  individuals  may  not  have  occasion- 
ally risen  to  the  surface  and  taken  breath  there.  It  is  not  improbable, 
however,  that  in  some  of  these  cases  a  state  of  Syncope  had  come-.on  at 
the  moment  of  immersion,  through  the  influence  of  fear  or  other  mental 
emotion,  concussion  of  the  brain,  &c. ;  so  that,  when  the  circulation  was 
thus  enfeebled,  the  deprivation  of  air  would  not  have  the  same  injurious 
effect  as  when  this  function  was  in  full  activity.  The  case  would  then 
closely  resemble  that  of  a  hybernating  animal ;  for  in  both  instances  the 
being  might  be  said  to  live  very  slowly,  and  would  therefore  not  require 
the  usual  amount  of  respiration.  The  condition  of  the  still-born  infant 
is  in  some  respects  the  same ;  and  re-animation  has  been  successfully 
attempted,  when  nearly  half  an  hour  had  intervened  between  birth  and 
the  employment  of  resuscitating  means,  and  when  probably  a  much 
longer  time  had  elapsed  from  the  period  of  the  suspension  of  the  cir- 
culation. 

319.  It  has  now  been  sufficiently  proved,  both  by  experiment  and  by 
pathological  observation,  that  the  first  effect  of  the  non-arterialization 
)f  the  blood  in  the  lungs  is  the  retardation  of  the  fluid  in  their  capil- 
aries,  and  also  in  those  of  the  system  generally ;  consequently,  the  arterial 
-.ystem  becomes  gorged  with  blood,  the  beats  of  the  heart  are  frequent 
md  energetic,  its  left  side  is  distended,  and  a  manometer  introduced  into 
I  he  arterial  system  shows  for  a  short  time  an  increase  in  the  pressure. 
[.The  same  condition  holds  with  the  right  side  of  the  heart  and  the  pul- 
j  nonary  artery.    The  blood  passes  with  difficulty  through  the  capillaries 
i  f  the  lungs,  and  the  venous  system  becomes  turgid  with  blood.  Then 
i  i  he  arterial  system  begins  slowly  .to  empty  itself  of  its  blood,  partly  by  con- 
j  raction  of  its  muscular  tissue,  stimulated  by  the  presence  of  imperfectly- 
j;  erated  blood,  and  partly  by  its  natural  elasticity,  and  thus  a  still 
,  reater  accumulation  takes  place  in  the  venous  system.    It  is  some  time, 
ii<  owever,  before  a  complete  stagnation  takes  place,  since,  as  long  as  the 

*  The  following  are  the  facts  of  this  case,  as  narrated  by  Marc  ("  Manuel  d'Autopsie 
adaverique  M^dico-Legale,"  p.  165)  on  the  authority  of  Prater :— A  woman  con- 
cted  of  infanticide  was  condemned  to  die  by  drowning.    This  punishment  was  for- 
2rly  inflicted  in  Germany  according  to  the  now  obsolete  Caroline  law,  the  culprit 
-iDg  inclosed  in  a  sack  with  a  cock  and  a  cat,  and  sunk  to  the  bottom  of  the  water. 
I  tins  instance,  the  woman,  after  having  been  submerged  for  a  quarter  of  an  bour, 
«  drawn-up,  and  spontaneously  recovered  her  senses.    She  stated  that  she  had  be- 
ne insensible  at  the  moment  of  her  submersiou ;  a  circumstance  which  adds  consi- 
ra ble  weight  to  the  supposition,  based  upon  the  post-mortem  appearances  in  many 
ses  of  drowning,  that  death  often  takes  place  as  much  by  Syncope  (or  primary 
•  i  t16  heart's  action,  consequent  upon  sudden  and  violent  emotion,  or  upou 
yaical  shock)  as  by  Asphyxia.     If  the  reality  of  this  state  of  Syncopal  Asphyxia 
admitted,  there  does  not  seem  any  adequate  reason  for  limiting  the  possible  persis 
ice  of  vitality  in  a  submerged  body,  even  to  half  an  hour ;  especially  if  the  tempera- 
te ot  the  water  be  such  as  not  to  cause  any  rapid  abstraction  of  its  heat. 
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proportion  of  oxygen  which  remains  in  the  air  in  the  lungs  is  consider-] 
able,  and  that  of  the  carbonic  acid  is  small,  so  long  will  some  imperfectlyJ 
arterialized  blood  find  its  way  back  to  the  heart,  and  be  transmitted  t<| 
the  system.    This  blood  exerts  a  depressing  influence  upon  the  nervoui 
centres,  which  is  aided  by  the  diminution  that  gradually  takes  placi 
in  the  quantity  of  blood  propelled  to  them  ;  and  thus  the  powers  of  tbi 
Sensorial  centres  are  suspended,  so  that  the  individual  becomes  unl 
conscious  of  external  impressions;  whilst  the  activity  of  the  Medulli 
Oblongata,  also  becomes  diminished,  so  that  the  respiratory  movement* 
are  enfeebled.   The  progressive  exhaustion  of  the  oxygen  of  the  air  in  tlij 
lungs,  and  the  accumulation  of  carbonic  acid  in  the  blood,*  increase  thl 
obstruction  in  the  pulmonary  capillaries  ;  less  and  less  blood  is  deliverel 
to  the  systemic  arteries,  and  what  is  thus  transmitted  becomes  more  aiii 
more  venous  ;  the  nervous  centres  are  now  completely  paralyzed,  and  tlM 
respiratory  movements  cease ;  and  the  deficient  supply  of  blood,  with  tlM 
depravation  of  its  quality,  act  injuriously  upon  the  muscular  system 
also,  and  especially  weaken  the  contractility  of  the  heart.    In  this  en 
feebled  state,  the  final  cessation  of  its  movements  seems  attributable  I 
two  distinct  causes,  acting  on  the  two  sides  respectively ;  for  on  1 1 
right  side  it  is  the  result  of  the  over-distension  of  the  walls  of  the  vei  I 
tricle,  owing  to  the  accumulation  of  venous  blood ;  and  on  the  left  I 
deficiency  of  the  stimulus  necessary  to  excite  the  movement,  which  is  1 1 
longer  sustained  by  its  spontaneous  motility.    The  heart's  contractih  I 
is  not  finally  lost,  however,  nearly  as  soon  as  its  movements  cease ;  i  I 
the  action  of  the  right  ventricle  may  be  renewed,  for  some  time  after  1 
has  stopped,  by  withdrawing  a  portion  of  its  contents — either  throuH 
the  pulmonary  artery,  their  natural  channel — or,  more  directly,  by  I 
opening  made  in  its  own  parietes,  in  the  auricle,  or  in  the  jugular  v«xj 
(§  236).    On  the  other  hand,  the  left  ventricle  may  be  again  set  I 
action,  by  renewing  its  appropriate  stimulus  of  arterial  blood.  HenjB 
if  the  stoppage  of  the  circulation  have  not  been  of  too  long  continuacffi 
it  may  be  renewed  by  artificial  respiration  ;f  for  the  replacement  of  a 
carbonic  acid  by  oxygen  in  the  air-cells  of  the  lungs,  restores  the  cirJ| 
lation  through  the  pulmonary  capillaries ;  and  thus  at  the  same  time  I 
lieves  the  distension  of  the  right  ventricle,  and  conveys  to  the  left  I 
due  stimulus  to  its  actions. — Of  the  mode  in  which  the  Pulmonary  <j'tJ 
culation  is  thus  stagnated  by  the  want  of  oxygen,  and  renewed  bylj 
ingress  into  the  lungs,  no  other  consistent  explanation  can  be  given,  tj» 
that  which  is  based  on  the  doctrine  already  laid-down  in  regard  to  jj  j 
capillary  circulation  in  general  (§  268);  namely,  that  the  performa|t< 
of  the  normal  reaction  between  the  blood  and  the  surrounding  medi,. 

*  Setschenow  has  made  some  important  researches  on  the  amount  and  kind  of  a {  r 
contained  in  the  blood  of  asphyxiated  animals  (dogs).    He  found  that  only  tracj , 
oxygen  could  be  discovered  in  cither  the  venous  or  arterial  blood:  the  quanti^fc 
nitrogen  varied  from  1  to  2  parts,  of  free  carbonic  acid  from  28  to  38  8  Parts>„Mfl 
combined  carbonic  acid  from  17  to  4  parts.    (Henle  and  Meissner,  "Bericht,"  j  >■ 

p.  305).  .  *Jf 

f  Of  the  two  chief  modes  of  performing  this  operation,  Dr.  Silvester  s  nietnlt 
alternately  raising  and  depressing  the  arms,  15  or  16  times  in  the  minute,  appea  j 
be  far  preferable  to  Dr.  Marshall  Hall's  method  of  rotating  the  body  half  overl 
pressing  on  its  chest.    See  Marshall  Hall's  work  on  "Drowning,"  and  "  Med.  JhV 
and  Gaz.,"  1858,  vol.  i.  pp.  147,  176  et  seq. 
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(whether  this  be  air,  water,  or  solid  organized  tissue)  is  a  condition 
necessary  to  the  regular  movement  of  the  blood  through  the  extreme 
vessels.  That  no  mechanical  impediment  to  its  passage  is  created  (as 
some  have  maintained)  by  the  want  of  distension  of  the  lungs,  has  been 
fully  proved  by  the  experiments  of  Dr.  J.  Eeid  on  the  induction  of 
Asphyxia  by  the  respiration  of  Nitrogen.  And  that  a  contraction  of  the 
small  arteries  and  capillaries,  under  the  stimulus  of  venous  blood,  can- 
not be  legitimately  assigned  as  the  cause  of  the- obstruction,  is  evident 
from  the  consideration  brought  to  bear  upon  it  by  the  same  excellent 
experimenter ;  namely,  the  suddenness  with  which  the  flow  is  renewed 
on  the  admission  of  oxygen,  as  contrasted  with  the  slowness  with  which 
arteries  dilate  after  the  removal  of  the  cause  of  their  contractions 
(§  247).* 

320.  It  is  obvious  that  by  the  repeated  passage  of  the  same  air 
through  the  lungs,  it  must,  though  originally  pure  and  wholesome,  be- 
come so  strongly  impregnated  with  Carbonic  acid,  and  must  lose  so 
much  of  its  oxygen,  as  to  be  rendered  utterly  unfit  for  the  continued 
maintenance  of  the  aerating  process ;  so  that  the  individual  who  con- 
tinues to  respire  it,  shortly  becomes  asphyxiated.  There  are  several 
well-known  cases,  in  which  the  speedy  death  of  a  number  of  persons 
confined  together  has  resulted  from  neglect  of  the  most  ordinary  precau- 
tion for  supplying  them  with  air.  That  of  the  "  Black  Hole  of  Calcutta," 
which  occurred  in  1756,  has  acquired  an  unenviable  pre-eminence, 
owing  to  the  very  large  proportion  of  the  prisoners — 1 23  out  of  146 — who 
died  during  one  night's  confinement  in  a  room  18  feet  square,  only  pro- 
vided with  two  small  windows ;  and  it  is  a  remarkable  confirmation  of 
the  views  formerly  stated  (§  222),  and  presently  to  be  again  adverted-to, 
that  of  the  23  who  were  found  alive  in  the  morning,  many  were  subse- 
•  quently  cut-off  by  'putrid  fever.'  Such  catastrophes  have  occurred 
'.  even  in  this  country,  from  time  to  time,  though  usually  upon  a  smaller 
scale ;  there  has  happened  one  at  no  distant  date,  however,  which  ri- 
valled it  in  magnitude.  On  the  night  of  the  first  of  December,  1848, 
the  deck  passengers  on  board  the  Irish  steamer  Londonderry  were 
i  ordered  below  by  the  Captain,  on  account  of  the  stormy  character  of  the 
weather ;  and  although  they  were  crowded  into  a  cabin  far  too  small  for 
their  accommodation,  the  hatches  were  closed-down  upon  them.  The 
consequence  of  this  was,  that  out  of  150  individuals,  no  fewer  than  70 
were  suffocated  before  the  morning. 

o2l.  It  cannot  be  too  strongly  impressed  upon  the  Medical  practi- 
tioner, however,  and  through  him  upon  the  Public  in  general,  that  the 
continued  respiration  of  an  atmosphere  charged  in  a  far  inferior  degree 
with  the  exhalations  from  the  Lungs  and  Skin,  is  among  the  most  potent 
of  all  the  '  predisposing  causes'  of  disease,  and  especially  of  those  zymotic 
diseases  whose  propagation  seems  to  depend  upon  the  presence  of  fer- 

*i  m1"  a  ful,er  discussion  of  the  pathology  of  Asphyxia,  see  the  "  Cyclop,  of  Anat. 
ana  i^hys.,"  art.  'Asphyxia,'  by  Prof.  Alison;  the  "Library  of  Practical  Medicine," 
I  th  ft  ")  art' 'AsPn7xla,'  by  the  Author;  Experimental  Essays,  by  Dr.  J.  Eeid,  '  On 
I  "  V  v  r^6r«?   Succession  in  which  the  Vital  Actions  are  arrested  in  Asphyxia,'  in  the 
[  „  f*ed.  and  Surg.  Journ.,"  1841,  and  in  his  "  Anat.,  Physiol.,  and  Pathol.  Ke- 

I  Su    J  '    and  the  ExPerimental  Inquiry  by  Mr.  Erichsen,  in  the  "  Edinb.  Med.  and 
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mentible  matter  in  the  blood.     That  such  is  really  the  fact,  will  appear 
ii-om  evidence  to  be  presently  referred-to ;  and  it  is  not  difficult  to  find  a 
complete  and  satisfactory  explanation  of  it.    For,  as  the  presence  of 
even  a  small  percentage  of  Carbonic  acid  in  the  respired  air  is  sufficient 
to  cause  a  serious  diminution  in  the  amount  of  carbonic  acid  thrown-o" 
and  of  oxygen  absorbed  (§  307),  it  follows  that  those  oxidating  processes 
which  minister  to  the  elimination  of  effete  matter  from  the  system,  must 
be  imperfectly  performed,  and  that  an  accumulation  of  substances  tend- 
ing to  putrescence  must  take  place  in  the  blood.    Hence  there  will  pro  • 
bably  be  a  considerable  increase  in  the  amount  of  such  matters  in  the 
pulmonary  and  cutaneous  exhalation ;  and  the  unrenewed  air  will  become 
charged,  not  only  with  carbonic  acid,  but  also  with  organic  matter  in 
state  of  decomposition,  and  will  thus  favour  the  accumulation  of  both 
these  morbific  substances  in  the  blood,  instead  of  effecting  that  constan 
and  complete  removal  of  them,  which  it  is  one  of  the  chief  ends  of  th 
respiratory  process  to  accomplish. — It  has  been  customary  to  conside 
the  consequences  of  imperfect  respiration,  as  being  exerted  merely 
promoting  an  accumulation  of  Carbonic  acid  in  the  system,  and  in  th 
depressing  the  vital  powers,  and  rendering  it  prone  to  the  attacks  o 
disease.  But  the  deficiency  of  Oxygenation,  and  the  consequent  incre 
of  putrescent  matter  in  the  body,  must  be  admitted  as  at  least  a  concur 
rent  agency ;  and  when  it  is  borne  in  mind  that  the  atmosphere  in  whic* 
a  number  of  persons  have  been  confined  for  some  time,  becomes  actually 
offensive  to  the  smell  in  consequence  of  the  accumulation  of  such  exhala 
tions,  and  that  (as  will  presently  appear)  this  accumulation  exerts  pre 
cisely  the  same  influence  upon  the  spread  of  zymotic  disease,  as  tha 
which  is  afforded  by  the  diffusion  of  a  sewer-atmosphere  through  th 
respired  air,  it  scarcely  admits  of  reasonable  doubt,  that  the  pernicio 
effect  of  over-crowding  is  exerted  yet  more  through  its  tendency 
promote  putrescence  in  the  system,  than  through  the  obstruction  1 
creates  to  the  due  elimination  of  Carbonic  acid  from  the  blood.    For  i 
is  to  be  remembered,  that  whilst  the  complete  oxidation  of  the  effe 
matters  will  carry  them  off  by  the  lungs  in  the  form  of  Carbonic  acid  an 
water,  leaving  urea  and  other  highly-azotized  products  to  pass  off  by  th 
kidneys,  an  imperfect  oxidation  will  only  convert  them  into  those  pecu 
liarly  offensive  products  which  characterize  the  faecal  excretion  (§  126). 
The  whole  subject  of  ventilation  has  been  very  carefully  investigat 
by  Pettenkofer.f    This  observer  estimates  that  in  order  to  maintain  th 
purity  of  the  air  in  any  place  where  one  or  more  men  are  confined, 
quantity  of  fresh  air  amounting  to  at  least  200  times  the  volume  of  th 
air  expired  in  a  given  time,  must  be  introduced;  so  that,  calculatin 
that  each  man  expires  300  litres  of  air,  containing  12  litres  of  Carboni 
acid,  per  hour,  60,000  litres,  or  60  cubic  metres  of  air  should  be  intro 

*  It  is  a  remarkable  confirmation  of  Prof.  Liebig's  analogy  between  the  imperfe 
oxidation  of  effete  matters  within  the  body,  and  that  combustion  in  a  lamp  or  furnac 
insufficiently  supplied  with  air  which  causes  a  deposit  of  soot  and  various  empyreum 
tic  products,  that  a  set  of  acids  have  beeu  found  by  Stadeler  in  the  urine  of  the  co 
bearing  a  close  analogy  to  well-known  products  of  destructive  distillation,  and  one 
them  actually  identical  with  the  carbolic  acid  previously  known  as  one  of  the  in 
dients  of  smoke.— See  Prof.  Gregory's  "  Handbook  of  Organic  Chemistry,"  P- 45°- 

f  For  a  good  abstract  of  whose  researches,  see  llanke,  "  Grundziige  der  rn 
Biologie,"  1868,  p.  374. 
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duced  in  that  period — and  practically  this  quantity,  large  as  it  is,  is 
found  to  be  requisite  in  order  that  no  unpleasant  odour  should  be  per- 
ceived. Pettenkofer  has  further  shown  that  a  very  considerable  inter- 
change of  gases  takes  place  through  ordinary  dry  plastered  walls — 
r  indeed,  as  the  sick  often  experience,  a  distinctly  perceptible  draught 
occurs  through  such  walls  when  there  is  a  strong  breeze  blowing  on  the 
outer  surface.  In  one  experiment  which  he  made  upon  a  small  chamber 
having  a  capacity  of  3000  cubic  feet,  and  of  which  three  sides  were  en- 
closed, whilst  the  fourth  was  free,  and  presented,  with  the  two  windows, 
a  surface  of  225  square  feet,  the  amount  of  natural  ventilation,  even 
when  all  the  cracks  and  fissures  of  the  windows  and  doors  were  closed 
(which,  however,  made  little  appreciable  difference)  was  as  follows: — 
When,  as  in  I.,  the  difference  between  the  mean  temperature  within  and 
without  was — 

20°  C.    The  amount  of  air  entering  in  one  hour  was  95  cub.  met. 
19  C.  „  „  74 

4°oC  „  „  „  22  „ 

19°  C.  „  „  „  54  „ 

Experiment  No.  I.  was  made  on  the  7th  of  March  ;  No.  II.  on  the  9th 
of  March;  No.  III.  on  the  20th  of  October;  and  No.  IV.  on  the  11th 
of  December.     As  Eanke  observes,  these  experiments  show  that  at  low 
temperatures  the  amount  of  ventilation  taking  place  by  natural  means  is 
uch  less  than  at  high,  even  when  the  relative  difference  is  the  same,  and 
hence  the  more  injurious  effects  in  crowded  rooms  of  a  degree  of  cold, 
which  with  free  exposure  to  fresh  air  is  perfectly  harmless.  Pettenkofer 
found  that  a  fire  in  a  room  had  much  less  influence  in  purifying  the  air 
than  is  commonly  supposed,  a  bright  fire  in  a  stove  only  effecting  the 
removal  of  from  40  to  90  centimetres  per  hour — or,  in  other  words,  about 
as  much  as  is  spoiled  by  the  respiration  of  one  man.    Pettenkofer  and 
Voit*  found  that  no  discomfort  was  experienced  from  long  exposure  to 
in  atmosphere  containing  10  parts  of  Carbonic  acid  in  1000  parts,  pro- 
viding this  had  been  added  to  the  air  in  a  pure  state ;  but  if  the  same 
quantity  were  present  as  a  result  of  the  respiration  of  several  people, 
serious  inconvenience  was  soon  felt.    The  proportion  of  Carbonic  acid 
present  in  the  air  of  large  towns  has  been  examined  by  Dr.  Roscoe,f  by 
Or.  Angus  Smith,!  and  by  Mr-  Leigh.§    Dr.  Eoscoe  found  the  usual 
iroportion  of  Carbonic  acid  in  the  air  of  London  to  be  3-7  parts  in 
10,000 ;  whilst  the  proportion  in  Manchester,  according  to  Dr.  Smith, 
*as  12  parts  in  10,000,  on  a  still  day,  and  from  4*5  to  8  parts  in  10,000 
m  a  windy  day.  From  experiments  made  with  permanganate  of  potash, 
ie  ascertained  that  on  the  high  grounds  north  of  Manchester  there 
ixisted  but  1  grain  of  organic  matter  in  200,000  cubic  inches  of  air, 
vhilst  in  close  places  in  the  town  there  was  1  grain  in  8000  cubic 
aches.    According  to  Braconnot,||  the  black  particles  always  floating  in 

atstract  of  these  observations  will  be  [bund  in  the  "  Med.  Times  and  Gazette" 
)r  1862,  p.  459. 

t  "Quarterly  Journal  of  the  Chemical  Society,"  1857;  and  "  Med.-Chir.  Review," 
ool,  p.  429. 

I  Q°1,me  Air  of  Towns,"  quoted  in  "Med.-Chir.  Rev.,"  1861,  vol.  ii.  p.  433. 
8  &ee    I  wenty-ninth  Annual  Report  of  the  Regist.-Gen."  1868. 

II  Annal.  de  Cliimie  et  de  Phys.,"  t.  xxxiii. 
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the  atmosphere  of  large  towns  consist  chiefly  of  carbon,  bitumen,  and  sul- 
phate of  ammonia.  Mr.  Leigh  finds  a  small  quantity  of  sulphuretted  hydro- 
gen in  the  air  of  Manchester.  The  air  of  sewers,  and  generally  air  loaded 
with  organic  matters,  has  an  alkaline  reaction,  from  the  presence  of 
ammonia  and  sulphuret  of  ammonium. 

322.  Of  the  remarkable  tendency  of  the  Respiration  of  an  atmosphere 
charged  with  the  emanations  of  the  Human  body,  to  favour  the  spread 
of  Zymotic  diseases,  a  few  characteristic  examples  will  now  be  given. — 
All  those  who  have  had  the  widest  opportunities  of  studying  the  con- 
ditions which  predispose  to  the  invasion  of  Cholera,  are  agreed  that 
overcrowding  is  among  the  most  potent  of  these ;  and  from  the  numerous 
cases  in  which  this  was  most  evident,  contained  in  the  "  Report  of  the 
General  Board  of  Health"  on  the  epidemic  of  1848-9,  the  two  following 
may  be  selected. — In  the  autumn  of  1849,  a  sudden  and  violent  out- 
break of  Cholera  occurred  in  the  Workhouse  of  the  town  of  Taunton ; 
no  case  of  cholera  having  either  previously  existed,  or  subsequently  pre- 
senting itself,  among  the  inhabitants  of  the  town  in  general,  although 
diarrhoea  was  prevalent  to  a  considerable  extent.    The  building  was 
altogether  badly  constructed,  and  the  ventilation  deficient ;  but  this  wa: 
especially  the  case  with  the  school-rooms,*  there  being  only  about  68 
cubic  feet  of  air  for  each  girl,  and  even  less  for  the  boys.    On  Nov.  3 
one  of  the  inmates  was  attacked  with .  the  disease ;  in  ten  minutes  fro 
the  time  of  the  seizure,  the  sufferer  passed  into  a  state  of  hopeless  col 
lapse;  within  the  space  of  forty-eight  hours  from  the  first  attack,  4' 
cases  and  19  deaths  took  place;  and  in  the  course  of  one  week,  60  o 
the  inmates,  or  nearly  22  per  cent,  of  the  entire  number,  were  carried 
off,  while  almost  every  one  of  the  survivors  suffered  more  or  les 
severely  from  cholera  or  diarrhoea.    Among  the  fatal  cases  were  thos 
of  25  girls  and  9  boys;  and  the  comparative  immunity  of  the  latter 
notwithstanding  the  yet  more  limited  dimensions  of  their  school-roo~ 
affords  a  remarkable  confirmation  of  the  general  doctrine  here  ad 
vanced;  for  we  learn  that,  although  "good  and  obedient  in  other  re 
spects,  they  could  not  be  kept  from  breaking  the  windows,"  so  tha 
many  of  them  probably  owed  their  lives  to  the  better  ventilation  th 
established.    Now  in  the  Gaol  of  the  same  town,  in  which  every  pri 
soner  is  allowed  from  819  to  935  cubic  feet  of  air,  and  this  is  con 
tinually  being  renewed  by  an  efficient  system  of  ventilation,  there  wal 
not  the  slightest  indication  of  the  epidemic  influence.* — The  other  casj 
to  be  here  cited,  is  that  of  Millbank  Prison,  in  which  the  good  effects  cj 
the  diminution  of  previous  overcrowding  were  extremely  marked.  Ij 
the  month  of  July,  1849,  when  the  epidemic  was  becoming  general  ani 
severe  in  the  Metropolis  (especially  in  those  low  ill-drained  parts  oj. 
both  sides  of  the  river,  in  the  midst  of  which  this  prison  is  situated)  thj 
number  of  male  prisoners  was  reduced  by  the  transfer  of  a  large  pro) 
portion  of  them  to  Shorncliff  barracks,  from  1039  to  402 ;  the  numboj; 
of  female  prisoners,  on  the  other  hand,  not  only  underwent  no  redud> 
tion,  but  was  augmented  from  120  to  131.    Now  the  Cholera-mortal  itf 
of  London  generally,  which  was  09  per  1000  in  June  and  July,  *i[ 
creased  to  4-5  per  1000  in  August  and  September ;  and  the  mortally 


*  Op.  cit.,  pp.  37  and  71. 
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among  the  female  prisoners  underwent  a  similar  increase  from  8'3  to 
58*4  per  1000;  but  the  mortality  among  the  male  prisoners  exhibited 
the  extraordinary  diminution,  from  23*  1  per  1000,  which  was  its  rate 
luring  June  and  July  when  the  prison  was  crowded,  to  9'9  per  1000, 
vhich  was  its  rate  during  August  and  September  after  the  reduction 
Irul  raken  place.*  It  is  scarcely  possible  to  imagine  a  more  probative 
case  than  this ;  since  it  shows,  in  the  first  place,  the  marked  influence 
of  the  crowded  state  of  the  prison  upon  the  fatality  of  the  disease, — 
secondly,  the  diminution  of  mortality  among  the  male  prisoners,  con- 
sequent upon  the  relief  of  the  overcrowding,  notwithstanding  the  quin- 
tupling of  the  general  mortality  of  the  Metropolis  during  the  same 
period, — and  thirdly,  the  yet  greater  increase  of  mortality  among  the 
female  prisoners,  which  proved  that  the  diminution  among  the  males 
could  not  be  attributed  to  any  recession  of  the  epidemic  influence  from 
the  locality. 

323.  In  previous  editions  of  this  work  various  other  instances  were 
given  in  which  overcrowding  clearly  played  an  important  part  in  the 
spread  of  Cholera.    Amongst  these  were  the  outbreak  of  Cholera  in  the 
Indian  Army  at  Kurrachee,  in  Scinde,  when  it  was  found  that  the 
highest  rate  of  mortality  existed  amongst  those  in  whom  the  provision 
for  respiration  was  bad,  and  especially  in  those  who  were  predisposed 
to  disease  through  exposure  to  the  sun,  or  from  excessive  muscular  exer- 
tion ;  also  the  outbreak  at  Bellary  fortress,  where  the  barrack  accom- 
modation was  extremely  insufficient.    Other  instances,  again,  in  which 
the  appearance  of  Cholera  seemed  to  be  connected  with  atmospheric 
I  conditions  were  drawn  from  the  Cholera  experience  of  the  United 
|  States  during  the  epidemic  of  1849-50,  f  as  it  occurred  in  Louisville 
I  and  Baltimore ;  and  to  these  may  be  added  the  interesting  facts  re- 
|  ported  by  Mr.  Radcliffe, \  as  to  its  development  amongst  the  crowded, 
t  U-led,  and  exhausted  pilgrims  who  yearly  wend  their  way  in  pilgrimage 
I  o  the  sacred  city  of  Mecca.    Nevertheless,  the  general  results  of  recent 
investigations  in  regard  to  the  nature  of  Cholera  tend  to  show  that  how- 
j '  iver  it  may  be  fostered  by  overcrowding,  the  outbreak  or  explosion  of 
i 'he  disease  in  any  locality  is  essentially  due  to  the  introduction  of  a 
t  >oison,  possibly  as  Hallier§  maintains,  the  extremely  minute  micrococcus 
|  *  germinal  cells  of  a  fungus  parasitic  upon  rice  (urocystis  oryzae) 
I  nto  the  body.    Very  strong  evidence  that  the  spread  of  the  disease, 
whatever  may  be  its  origin,  whether  animal  or  vegetable,  is  attributable 

0  the  direct  ingestion  of  water  polluted  with  the  fluid  of  cesspools  and 
rainage,  may  be  found  in  the  work  of  Dr.  Snow,||  in  which  he  relates 
&e  results  of  investigations  on  the  outbreak  of  Cholera  in  the  vicinity 

the  Broad-street  pump,  in  London;  and  a  still  more  interesting 
xample  is  presented  by  the  Eegistrar-General's  (Dr.  Farr's)  Keport  on 
v  I  le  Cholera  Epidemic  of  London  in  1866,  in  which  it  is  shown  that  the 
j-ast  London  outbreak,  in  the  month  of  July  of  that  year,  which  proved 

1  I  2?'  cAit*'  AP?-  B>  P-  67. 

J  holemof  1848^49  "  ^  ^  " ReP°rt  °f  General  Board  °f  Health  0n  th°  EPidemic 


t  .« {kportsto  Priv7  Council,"  No.  8,  p.  306. 
raraauologmche  Untersuoh.,"  Leipzig,  1868. 

the  Mode  of  Communication  of  Cholera,"  Loudon,  1865. 
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fatal  to  more  than  4000  persons,  was  directly  connected  with  the  dis- 
tribution of  unfiltered  and  impure  water  by  the  East  London  Water! 
Company;  and  it  has  been  correctly  stated,*  that  not  one  of  the 
three  epidemics  of  Cholera  which  occurred  in  London  in  1849,  1854,1 
and  1856,  can  be  discussed  apart  from  the  water  supply.  The  investiga- 
tions of  Pettenkofer  point  to  the  same  conclusion.  He  has  shown  the 
importance  of  the  subsoil  water-line,  which  rises  and  falls  more  or  lessj 
in  different  years ;  those  localities  which  have  a  porous  soil,  and  theirl 
water-line  nearest  the  surface,  suffering  most  from  cholera,  and  thel 
occurrence  of  the  epidemic  coinciding  with  the  rise  and  subsidence  off 
the  water  in  the  soil.  At  the  same  time,  whilst  admitting  that  the  in-* 
traduction  of  the  poison  of  Cholera  by  the  alimentary  canal  is  thus  ren4 
dered  extremely  probable,  the  possibility  of  its  entrance  by  thel, 
respiratory  passages  must  not  be  ignored,  and  under  any  circumstances 
those  would  be  most  likely  to  be  attacked  who  had  previously  resided! 
in  close  and  ill-ventilated  localities,  or  where  the  air  was  poisoned 
by  the  effluvia  of  drains,  sewers,  slaughter-houses,  manure  manul 
factories,  and  other  similar  places. 

324.  Now  although  the  Cholera-epidemics  have  been  here  referreJI 
to,  as  affording  the  most  remarkable  examples  of  the  influence  of  conl 
taminated  water  supply  and  atmosphere  in  producing  a  predisposition 
to  the  invasion  of  Zymotic  disease,  yet  the  evidence  is  not  less  strong  in 
regard  to  the  uniform  prevalence  of  ordinary  Fevers,  &c,  in  the  samf  - 
localities ;  the  places  in  which  the  Cholera  was  the  most  severe,  havinfl 
been  almost  invariably  known  as  '  fever-nests'  in  other  periods,  and  beiDi'. 
distinguished  by  a  very  high  rate  of  mortality.    Thus  the  average  agji  I 
of  all  persons  who  die  in  Witham  is  only  18  years  ;  whilst  the  averagM 
age  at  death  in  the  town  of  PIull  (itself  distinguished  by  an  unusuaij 
brevity  of  life)  is  23  years. — In  the  '  Potteries'  at  Kensington,  a  localitll 
in  which  filth  and  overcrowding  prevail  to  an  almost  unequalled  degrees 
the  mortality  for  three'  years  previously  to  the  invasion  of  Cholera  haf« 
been  such  that  the  average  age  at  death  was  only  11  yrs.  7  mo. ;  andiH 
the  first  ten  months  of  1849,  out  of  a  population  of  about  1000,  then 
were  50  deaths,  of  which  21  were  from  cholera  and  diarrhoea,  and  21c 
from  typhus  fever  and  other  diseases.    It  is  illustrative  of  the  commolM 
points  between  cholera  and  other  zymotic  diseases,  that  the  former  an  3 
peared  there  not  only  in  the  same  streets  and  in  the  same  houses,  bij 
even  in  the  same  rooms,  which  had  been  again  and  again  visited  □  j 
typhus ;  and  there  were  several  tenants  of  such  rooms,  who  only  rd  1 
covered  from  fever  in  the  spring,  to  fall  victims  to  cholera  in  tlj 
summer.    Subsequently  to  this  epidemic,  the  average  age  at  death  hj  r, 
been  further  reduced,  by  an  increase  of  infantile  mortality,  to  as  low  i 
10  years. — By  way  of  contrast,  it  may  be  stated  that  in  one  of  tlj  j 
"  Model  Lodging-Houses,"  containing  about  550  inmates,  among  whoj 
was  an  unusually  large  proportion  of  children,  the  rate  of  mortalil 
during  the  three  years  ending  May,  1851  (including  the  whole  pen| 
of  the  cholera-epidemic),  was  scarcely  more  than  20  in  1000 ;  the  prl 
portion  of  deaths  under  ten  years  of  age  was  only  half  that  of  the  metrt 
polis  in  general;  there  was  not  a  single  attack  of  cholera,  and  there  wej  j 


*  "  Times,"  Aug.  15th,  1868. 
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only  a  few  cases  of  choleraic  diarrhoea,  although  the  disease  was  raging 
in  the  immediate  vicinity ;  and  from  the  time  that  the  sewerage  had 
been  put  into  complete  order,  typhus  fever  had  entirely  disappeared,  a 
few  cases  having  occurred  soon  after  the  opening  of  the  buildings,  which 
were  distinctly  traceable  to  a  defect  in  the  drainage.* — The  following 
case  may  be  added,  in  proof  of  the  potency  of  an  atmosphere  charged 
with  putrescent  emanations,  in  rendering  the  system  liable  to  the  attacks 
of  Zymotic  diseases  of  various  kinds.  A  manufactory  of  artificial  manure 
formerly  existed  immediately  opposite  Christchurch  Workhouse,  Spital- 
fields,  which  building  was  occupied  by  about  400  children,  with  a  few 
adult  paupers.    Whenever  the  works  were  actively  carried-on,  particu- 
larly  when  the  wind  blew  in  the  direction  of  the  house,  there  were  pro- 
duced numerous  cases  of  fever,  of  an  intractable  and  typhoid  form ;  a 
ivphoid  tendency  was  also  observable  in  measles,  small-pox,  and  other 
infantile  diseases,  and  for  some  time  there  prevailed  a  most  unmanageable 
md  fatal  form  of  aphtha?  of  the  mouth,  ending  in  gangrene.    From  this 
ast  cause  alone,  12  deaths  took  place  among  the  infants  in  three  months, 
n  the  month  of  December,  1848,  when  cholera  had  already  occurred  in 
he  neighbourhood,  60  of  the  children  in  the  workhouse  were  suddenly 
eized  with  violent  diarrhoea  in  the  early  morning.    The  proprietor  was 
ompelled  to  close  his  establishment,  and  the  children  returned  to  their 
■rdinary  health.   Five  months  afterwards,  the  works  were  recommenced ; 
a  a  day  or  two  subsequently,  the  wind  blowing  from  the  manufactory, 
I  most  powerful  stench  pervaded  the  building.    In  the  night  following, 
.  5  of  the  boys,  whose  dormitories  directly  faced  the  manufactory,  were 
gain  suddenly  seized  with  severe  diarrhoea;  whilst  the  girls,  whose  dor- 
litories  were  in  a  more  distant  part,  and  faced  in  another  direction, 
,  :  scaped.    The  manufactory  having  been  again  suppressed,  there  was  no 
t  lbsequent  return  of  diarrhoea.f 

I  325.  It  may  not  be  amiss  to  add  a  few  examples  drawn  from  the 
;  rperience  which  our  Indian  possessions  have  afforded,  of  the  influence 
an  insufficient  supply  of  pure  air  upon  the  ordinary  mortality  in  our 
[  i  'my  and  among  the  people  under  our  control. — There  are  various 
I  ilitary  stations,  which  have  lain  under  a  most  ill-deserved  repute  for 
I'  inealthiness,  in  consequence  of  the  very  imperfect  barrack-accommoda- 
|  -n  afforded  to  the  troops  quartered  in  them.    Thus  at  Secunderabad, 
I  the  Madras  command,  the  average  annual  mortality  for  the  fifteen 
|  ars  previous  to  1846-7,  was  75  per  1000;  this  being  nearly  double 
I  e  average  of  the  whole  presidency,  and  more  than  double  that  of  the 
I  mamder  of  the  stations.    Now  the  complaints  made  year  after  year,  by 
I  8  medical  officers  of  the  troops  which  have  been  successively  quartered 
I  this  station,  leave  no  room  for  doubt  as  to  the  chief  cause  of  this 
loess;  for  the  regiments  of  the  Line  quartered  at  Secunderabad  have 
I  ;n  always  crowded  in  barracks  quite  insufficient  for  their  accommoda- 

I  tt,  one-third  of  the  men  having  been  obliged  to  sleep  in  the  verandahs, 

I I  the  remainder  getting  by  no  means  a  due  allowance  of  fresh  air ; 
I  ust,  on  the  other  hand,  the  Officers  of  these  very  regiments,  who  are 

I     P'  f-^-i  APP-  b,  pp.  48  and  77  ;  and  Mr.  Grainger's  subsequent  "Report  on  the 
1  ent  state  of  certain  parts  of  the  Metropolis,  and  on  the  Model  Lodging-Houses  of 
II         pp.  29,  36. 

1  "Report  of  the  Board  of  Health  on  Cholera,  1848-9,"  p.  42. 
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better  accommodated,  and  the  detachment  of  Artillery  quartered  in  more 
roomy  barracks  at  no  great  distance,  have  never  participated  in  this 
unusual  mortality,  thereby  clearly  showing  the  absence  of  any  special 
causes  of  disease  at  this  station,  which  might  not  be  easily  removed.* — 
The  Barrackpore  station,  in  the  Bengal  command,  is  even  worse  than  the 
foregoing  ;  for  every  regiment  quartered  there,  seems  to  suffer  an  almost 
complete  decimation  annually.  Yet  there  is  ample  evidence  that  here 
also  the  chief  fault  lies  in  the  barrack-accommodation. — But  one  of  the 
most  terrible  instances  of  the  continuance  of  a  high  rate  of  mortality, 
which  is  almost  entirely  attributable  to  an  insufficient  supply  of  air,  is  that 
which  is  furnished  by  the  Gaols  under  British  control  in  India.  In  these 
are  usually  confined  no  fewer  than  40,000  prisoners,  chiefly  natives ;  andl 
the  average  annual  mortality  of  the  whole  was  recently  10  per  cent., 
rising  in  some  cases  to  26  per  cent.,  or  more  than  one  in  four.  This  is 
easily  accounted- for,  when  it  is  known  that  in  no  case  is  there  an  allow-j 
ance  of  more  than  300  cubic  feet  of  air-space  for  each  individual,  whilst! 
in  some  instances  70  cubic  feet  is  the  miserable  average  !f 

326.  One  more  set  of  casses  will  be  cited,  as  showing  the  marked  effect] 
of  the  habitual  respiration  of  a  contaminated  atmosphere,  not  merely  inj 
engendering  a  liability  to  zymotic  disease,  but  in  directly  producing  aj 
special  form  of  infantile  spasmodic  disease,  of  the  most  fearful  nature.— j 
The  dwellings  of  the  great  bulk  of  the  population  of  Iceland  seem  as  i| 
constructed  for  the  express  purpose  of  poisoning  the  air  which  they  conf 
tain.    They  are  small  and  low,  without  any  direct  provision  for  ventilal 
tion,  the  door  serving  alike  as  window  and  chimney ;  the  walls  and  root 
let-in  the  rain,  which  the  floor,  chiefly  composed  of  hardened  sheep-duna 
sucks-up ;  the  same  room  generally  serves  for  all  the  uses  of  the  wholj 
.  family,  and  not  only  for  the  human  part  of  it,  but  frequently  also  for  thj 
sheep,  which  are  thus  housed  during  the  severer  part  of  the  winter.  Thl 
fuel  employed  in  the  country  districts  chiefly  consists  of  cow-dung  anl 
sheep-dung,  caked  and  dried  ;  and  near  the  sea-coast,  of  the  bones  an) 
refuse  of  fish  and  sea-fowl ;  producing  a  stench,  which,  to  those  unaccui 
tomed  to  it,  is  completely  insupportable.    In  addition  to  this,  it  may  □ 
mentioned  that  the  people  are  noted  for  their  extreme  want  of  person! 
cleanliness ;  the  same  garments  (chiefly  of  black  flannel)  being  worn  ftf 
months  without  being  even  taken-off  at  night.    Such  an  assemblage  jj : 
unfavourable  conditions,  combined  with  the  cold  damp  nature  of  til 
climate,  might  have  been  expected  to  induce  tubercular  diseases  of  variojf : 
kinds;  but  from  these  the  Icelanders  appear  to  enjoy  a  special  exemptiQ" 
(§  63,  in).    Syphilis,  also,  is  wanting,  or  nearly  so;  and  yet,  notwitl , 
standing  that  the  number  of  births  is  fully  equal  to  the  usual  averaft  I 

*  It  is  a  remarkable  confirmation  of  the  view  formerly  stated  (§  69),  as  to  tlieta 
dency  of  the  habitual  use  of  alcoholic  liquors  to  induce  a  '  fermentible'  condition  ol  mi 
blood,  by  obstructing  the  elimination  of  the  effete  matters  by  the  respiratory  Pro^j 
that  when  the  84th  Regt.,  which  is  distinguished  for  its  sobriety,  was  quartereaiJ 
Secunderabad  in  1847-8,  it  lost  only  39  men  out  of  1139,  or  34-2  per  1000,  the  aver|| 
mortality  of  the  other  stations  in  the  Presidency  being  about  the  same  as  usual,  wn  ■  i 
other  hand,  the  63rd  Regt.,  which  was  far  from  deserving  a  reputation  for  te™Pe™T ' 
had  lost  73  men  during  the  first  nine  months  of  the  preceding  year,  or  at ^tnera  <ia 
78-8  per  1000  during  the  entire  year.— All  the  facts  here  stated  in  regard  to  o  «j , 
derabad  have  been  obtained  by  the  Author  direct  from  the  Army  Medical  hetnnw j  j 

t  Dr.  Mackinnon's  "Treatise  on  the  Public  Health,  &c,  of  Bengal,    Oawnn  , 
1848,  chap.  i. 
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the  population  is  stationary,  and  in  some  parts  actually  diminishing. 
This  is  partly  due  to  the  extent  and  fatality  of  the  epidemic  diseases,  of 
which  some  one  or  other  spreads  through  the  island  nearly  every  year ; 
but  it  is  chiefly  owing  to  the  extraordinary  mortality  of  infants  from 
Trismus  nascentium,  which  carries  off  a  large  proportion  of  them  between 
the  filth  and  the  twelfth  days  after  their  birth.    It  is  in  the  little  island 
of  Westmannoe  and  the  opposite  parts  of  the  coast  of  Iceland,  where  the 
bird-fuel  is  used  all  the  year  round,  instead  of  (as  elsewhere)  during  a 
few  months  only,  that  this  disease  is  most  fatal ;  the  average  mortality 
for  the  last  twenty  years,  during  the  first  twelve  days  of  infantile  life, 
.  bein"1  no  less  than  64  per  cent,  or  nearly  two  out  of  three.* — Now  it  is 
not  a  little  remarkable  that  the  very  same  disease  should  have  prevailed, 
uader  conditions  almost  identically  the  same,  in  the  island  of  St.  Kilda, 
i  one  of  the  Western  Hebrides ;  the  state  of  which  was  made  known  by 
Mr.  Maclean,  who  visited  it  in  1838.   The  population  of  this  island,  too, 
was  diminishing  rather  than  increasing,  in  consequence  of  the  enormous 
infantile  mortality ;  four  out  of  every  Jive  dying,  from  Trismus  nascen- 
tium,  between  the  eighth  and  twelfth  days  of  their  existence.    The  great 
if  not  the  only  cause  of  this  mortality,  was  the  contamination  of  the 
itmosphere  by  the  filth  amidst  which  the  people  lived.    Their  huts,  like 
those  of  the  Icelanders,  were  small,  low-roofed,  and  without  windows ; . 
and  were  used  during  the  winter  as  stores  for  the  collection  of  manure, 
which  was  carefully  laid-out  upon  the  floor,  and  trodden  under  foot  to 
\  i.;he  depth  of  several  feet.    On  the  other  hand,  the  clergyman,  who  lived 
S  L  exactly  as  did  those  around  him,  except  as  to  the  condition  of  his  house, 
i  lad  brought-up  a  family  of  four  children  in  perfect  health ;  whereas, 
f'  >iccording  to  the  average  mortality  around  him,  at  least  three  out  of  the 
j  iibur  would  have  been  dead  within  the  first  fortnight. — Of  the  degree  in 
I  r  vhich  this  fearful  disease  is  dependent  upon  impurity  of  the  atmosphere, 
•    ,nd  is  preventible  by  adequate  ventilation,  abundant  proof  is  afforded  by 
t|.  he  experience  of  Hospitals  and  Workhouses  in  our  own  country.  Thus 

I  a  the  Dublin  Lying-in  Hospital,  up  to  the  year  1782,  the  mortality 
llmthin  the  first  fortnight,  almost  entirely  from  Trismus  nascentium,  was 
i|  in  every  6  children  born.  The  adoption,  under  the  direction  of  Dr. 
\y  oseph  Clarke,  of  an  improved  system  of  ventilation,  reduced  the  pro- 
(t.  ortion  of  deaths  from  this  cause  to  1  in  19^.    And  further  improve- 

r  lents  in  ventilation,  with  increased  attention  to  cleanlinless,  during  the 
1 2ven  years  in  which  Dr.  Collins  was  Master  of  this  Institution,  reduced 

I I  ae  number  of  deaths  from  this  disease  to  no  more  than  three  or  four 
•  |  early. j — A  similar  amelioration  took  place  about  a  century  ago,  in  the 

1  >ndition  of  the  London  Workhouses,  in  which  23  out  of  24  infants  had 
k  reviously  died  within  the  first  year,  and  a  large  proportion  of  these 
I  ithin  the  first  month ;  for  owing  to  a  parliamentary  inquiry  which  was 
- 1  illed-forth  by  this  fearful  state  of  things,  the  proportion  of  deaths  was 
I  >eedily  reduced  (chiefly  by  improvement  in  ventilation)  from  2600  to 
30  annually. 

I  327.  Thus  it  appears  that  in  all  climates,  and  under  all  conditions  of 
1  fe,  the  purity  of  the  atmosphere  habitually  respired  is  essential  to  the 

I  t-i^."  ^an<^  "ndersogt  fra  leegevidenskabeligt  Synspunct."  Af  P.  A.  Schleianer. 
I  .U.— Copenhagen,  1849. 

I  t  See  Dr.  Collins's  "  Practical  Treatise  on  Midwifery,"  p.  513. 
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maintenance  of  that  power  of  resisting  disease,  which,  even  more  than 
the  ordinary  state  of  health,  is  a  measure  of  the  real  vigour  of  the  system. 
For,  owing  to  the  extraordinary  capability  which  the  human  body  possesses 
of  accommodating  itself  to  circumstances,  it  not  unfrequently  happens 
that  individuals  continue  for  years  to  breathe  a  most  unwholesome 
atmosphere,  without  apparently  suffering  from  it ;  and  thus,  when  they  at 
last  succumb  to  some  Epidemic  disease,  their  death  is  attributed  solely  to 
the  latter;  the  previous  preparation  of  their  bodies  for  the  reception  and 
development  of  the  zymotic  poison,  being  altogether  overlooked.  It  is 
impossible,  however,  for  any  one  who  carefully  examines  the  evidence,  to 
hesitate  for  a  moment  in  the  conclusion,  that  the  fatality  of  Epidemics  is  I 
almost  invariably  in  precise  proportion  to  the  degree  in  which  an  impure! 
atmosphere  has  been  habitually  respired ;  that  an  atmosphere  loaded  with! 
putrescent  miasmata  may  afford  a  nidus  wherein  a  zymotic  poison  under-i 
goes  a  marked  increase  in  quantity  and  intensity,  the  putrescent  exhala-l 
tions  from  the  lungs  and  skin  of  the  living  subject  being  at  least  aaj 
effectual  in  furnishing  such  a  '  nidus,'  as  are  the  emanations  from  faecall 
discharges  or  from' other  decomposing  matters ;  that  the  habitual  respira- 
tion  of  such  an  atmosphere  tends  to  induce  a  condition  of  the  blood,  ji 
which  renders  it  peculiarly  susceptible  of  perversion  by  the  introduction  jj 
of  zymotic  poisons,  and  which  favours  their  multiplication  within  th( 
system  ;*  and  lastly,  that  by  due  attention  to  the  various  means  of  pro-ii 
moting  atmospheric  purity,  and  especially  by  efficient  ventilation  ani|: 
sewerage,  the  rate  of  mortality  may  be  enormously  decreased,  the  amount! 
and  severity  of  sickness  lowered  in  at  least  an  equal  proportion,  and  thai . 
fatality  of  Epidemics  almost  completely  annihilated.  The  effects  of  gooc|> 
drainage  and  water-supply  have  been  recently  well  exemplified  in  thij 
case  of  Salisbury  :  the  average  number  of  deaths  for  the  eight  years  prel* 
ceding  the  completion  of  the  drainage  in  this  town  (excluding  the  Choleri; . 
year)  having  been  27  in  1000,  and  for  the  same  period  since  21  in  I 
1000;  an  actual  reduction  of  almost  one-fourth  of  the  whole  number.!':'. 
And  it  cannot  be  too  strongly  borne  in  mind,  that  the  efficacy  of  sucli 
preventive  measures  has  been  most  fully  substantiated,  in  regard  to  manin 
of  the  very  diseases  in  which  the  curative  power  of  Medical  treatmenwj 
has  seemed  most  doubtful;  as  for  example,  in  Cholera  and  Malignant 
Fevers. — The  practical  importance  of  this  subject  may  be  estimated  froii 
the  startling  fact,  which  inquiries  prosecuted  under  the  direction  of  till: jj 
Board  of  Health  have  brought  to  light  ;| — viz.,  that  the  difference  in  thfei 

*  A  careful  consideration  of  the  very  satisfactory  evidence  which  has  been  of  laije- 
years  collected  on  this  point,  must  (in  the  Author's  opinion)  satisfy  any  competent  aiwij 
unprejudiced  inquirer,  that  Endemic  Fevers,  originating  in  local  causes  (marsh  niiaj; : 
mata  and  the.  like),  and  at  first  affecting  those  only  who  are  exposed  to  such  causes,  msB 
find,  by  the  crowding  together  of  infected  subjects,  a  nidus  for  development  within  ttrj 
Human  system ;  so  that  these  diseases  then  become  communicable  by  human  hiteM 
course  although  not  so  originally. — For  a  discussion  of  this  subject,  see  the  Articles  cfcj 
'  Yellow  Fever'  and  the  '  Fever  of  Boa  Vista,'  in  the  "  Brit,  and  For.  Med.-Chir.  Kev.l  . 
vols.  i.  ii.  and  iv. 

f  See  "Times,"  Oct.  24, 1863. 

%  See  "  Summary  of  Experience  on  Disease,  and  Comparative  Kates  of  Mortality  J 
by  William  Lee,  Superintending  Inspector,  1851.  Nearly  similar  numbers  are  to  V 
found  in  the  "  Twenty-ninth  Annual  Report  of  the  Registrar-General,"  1868.  y'  j 
large  towns,  the  mortality  of  Liverpool  was  the  highest  (42  per  1000);  that  of  i>| 
mingham  and  Hull  the  lowest  (24  per  1000). 
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annual  rates  of  mortality,  between  the  most  healthy  and  the  most  un- 
healthy localities  in  England,  amounting  to  no  less  than  34  in  1000,  is 
almost  entirely  due  to  Zymotic  diseases,  which  might  be  nearly  (if  not 
completely)  exterminated  by  well-devised  sanitary  arrangements.  The 
lowest  actual  mortality  is  11  per  1000,  while  the  highest  is  45  per  1000  ; 
and  between  these  extremes,  there  is  every  intermediate  degree  of  range. 
But  what  may  be  termed  the  inevitable  mortality, — arising  from  diseases 
which  would  not  be  directly  affected  by  Sanitary  improvements — is  a 
nearly  constant  quantity  throughout;  namely,  the  11  per  1000  of  those 
districts  which  are  free  from  Zymotic  disease.  The  average  mortality  of 
all  England,  in  ordinary  years,  is  about  22  per  1000,  or  just  double  that 
to  which  it  might  be  reduced;  so  that,  taking  the  population  of  England 
and  Wales  (as  by  the  last  Census)  at  20  millions,  the  average  annual 
mortality  must  be  440,000,  of  which  only  220,000  is  inevitable,  an 
i  equal  amount  being  preventible. 


CHAPTER  X. 


OF  NUTRITION. 


1.  General  Considerations. — Formative  Power  of  Individual  Parts. 

328.  The  function  of  Nutrition,  considered  in  the  widest  acceptation 
of  the  term,  includes  that  whole  series  of  operations  by  which  the  alimen- 
tary materials, — -prepared  by  the  Digestive  process,  introduced  into  the 
system  by  Absorption,  and  carried  into  its  penetralia  by  the  Circulation, 
are  converted  into  Organized  tissue  :   but  in  a  more  limited  sense  it 
ay  be  understood  as  referring  to  the  last  of  these  operations  only,  that 
?f  Histogenesis  or  tissue-formation,  to  which  all  the  other  organic  func- 
cions,  in  so  far  as  they  are  concerned  in  maintaining  the  life  of  the  indi- 
vidual, are  subservient,  by  preparing  and  keeping  in  the  requisite  state 
f  purity  the  materials  at  the  expense  of  which  it  takes  place.  Every 
tegral  part  of  the  living  body  possesses  a  certain  capacity  for  growth 
d  development,  in  virtue  of  which  it  passes  through  a  series  of  suc- 
sive  phases,  under  the  influence  of  the  steady  Heat,  which  in  the 
arm-blooded  animal  is  constantly  acting  upon  it ;  this  capacity  being 
endowment  which  it  derives  by  direct  descent  from  the  original 
erm  (chap,  i.),  but  undergoing  a  gradual  diminution  with  the  advance 
f  life  (chap,  xx.),  until  the  power  of  maintenance  is  no  longer  adequate 
antagonize  the  forces  that  tend  to  the  disintegration  of  the  system, 
t  has  been  also  shown  (chap,  vii.),  that  notwithstanding  the  diversities 
n  the  structure  and  composition  of  the  several  tissues,  the  Blood  sup- 
lies  the  materials  which  each  requires ;  every  tissue  possessing  (so  to 
peak)  an  elective  affinity  for  some  particular  constituents  of  that  fluid, 
n  virtue  of  which  it  abstracts  them  from  it,  and  appropriates  them  to 
ts  own  uses. — But  it  has  been  shown,  on  the  other  hand,  that  the 
formative  capacity'  does  not  exist  in  the  tissues  alone,  but  is  shared  by 
he  Blood,  which  must  itself  be  regarded  as  deriving  it  from  the  original 
erm ;  for  there  are  certain  simple  kinds  of  tissue,  which  appear  to  take 
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their  origin  directly  in  its  plastic  components.    Of  others,  which  cannot 
be  said  thus  to  originate  in  the  blood,  the  development  seems  to  be 
entirely  determined  by  the  quantity  of  their  special  pabula  which  it 
may  contain.    Thus,  an  increase  of  Adipose  tissue  takes  place,  when 
the  blood  habitually  includes  an  unusual  amount  of  fat ;  an  augrnenta  • 
tion  in  the  proportion  of  the  Red  Corpuscles  of  the  blood  may  be  dis- 
tinctly observed  (especially  if  it  has  been  previously  diminished  unduly), 
when  an  additional  supply  of  iron  is  afforded  ;  and  when  one  of  the 
Kidneys  has  been  removed,  or  is  prevented  by  disease  from  performing 
its  normal  function,  the  other,  if  it  remain  healthy,  undergoes  an  ex- 
traordinary increase  in  size,  so  as  to  perform  the  duty  of  both  organs, 
the  augmented  development  of  its  secreting  structure  being  here  also 
fairly  attributable  to  the  accumulation  of  its  appropriate  materials  in  the 
blood.*    Even  of  those  tissues  which  must  be  considered  as  most  in- 
dependent and  self-sustaining,  the  development  is  not  only  checked  by 
the  want  of  a  due  supply  of  their  appropriate  materials,  but  it  is  modi- 
fied in  a  very  remarkable  degree  by  the  presence  of  abnormal  substances  I 
in  the  blood,  which  single  out  particular  parts,  and  effect  determinate 
alterations  in  their  nutrition,  in  such  a  constant  manner  as  to  show  the 
existence  of  a  peculiar  '  elective  affinity'  between  them. — In  so  far,  then, 
as  the  process  of  Nutrition  is  dependent  upon  the  due  supply  and  normal 
state  of  the  Blood,  its  conditions  have  been  already  sufficiently  discussed ;  I 
and  we  have  now  only  to  consider  it  in  its  relations  to  the  Tissues. 

329.  The  demand  for  Nutrition  primarily  arises  from  the  tendency! 
of  the  organism  to  simple  Increase  or  Growth.    Of  this  we  have  thei 
most  characteristic  illustration  in  the  multiplication  of  the  first  em-S 
bryonic  cell  by  the  simple  process  of  '  duplicative  subdivision;'  whereby ji 
a  multitude  of  cells  is  produced,  every  one  of  which  is  similar  in  all! 
essential  particulars  to  the  original.    But  after  the  different  parts  oft 
this  homogeneous  embryonic  mass  have  taken  upon  themselves  their! 
respective  modes  of  development,  so  as  to  generate  a  diversity  of  tissues! 
and  organs,  each  one  of  these  continues  to  increase  after  its  own  plan;! 
and  thus  the  child  becomes  the  adult,  with  comparatively  little  changef 
but  that  of  growth  (chap,  xviii.  sect.  4).    An  excess  of  growth,  taking! : 
place  conformably  to  the  normal  plan  of  the  tissue  or  organ,  constitutes* 
Hypertrophy ;  whilst  a  diminution,  without  degeneration  or  alteration!  ( 
of  structure,  is  that  which  is  properly  distinguished  as  Atrophy.— But! 

*  This  principle  is  one  most  fertile  in  Pathological  applications  ;  for  there  can  ba 
little  douht  that  the  development  of  many  morbid  growths  is  due,  not  so  much  to  a  perl 
verted  local  action,  as  to  the  presence  of  certain  morbid  matters  in  the  blood,  wlnclj 
determines  the  formation  of  tissues  tbat  use  them  as  their  appropriate  pabulum.  Suclj 
is  pretty  obviously  the  case  with  those  disorders,  which  (like  the  Exanthemata)  ara 
universally  admitted  to  be  of  '  constitutional'  character,  and  which  are  distinctly  tracel 
able  to  a  poison  introduced  through  the  blood,  whose  first  influence  is  exerted  in  mouJ 
fying  the  physical  and  vital  properties  of  that  fluid  :  and  the  evidence  has  been  of  latJ 
accumulating,  that  it  is  true  also  of  the  various  forms  of  Cancer,  the  local  developuienj 
of  an  abnormal  structure  being  in  this  case,  also,  nothing  else  than  the  manifestation  <i 
the  existence  of  that  peculiar  matter  in  the  blood,  which  is  the  appropriate  nutnmen 
of  its  component  tissues ;  or,  as  Mr.  Simon  appropriately  designates  it,  "  a  new  e? 
cretory  organ,  which  tends  essentially  to  acts  of  elimi  native  secretion,  just  as  distinct! 
as  the  healthy  liver  or  the  healthy  kidney."— See  Mr.  Simon's  "  Lectures  on  Gcnen 
Pathology,"  pp.  87,  152  ;  and  Mr.  Paget's  "  Lectures  on  Surgical  Pathology,'  vol.  \ 
p.  441,  and  vol.  ii.  pp.  528  et  seq. 
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Growth  is  not  confined  to  the  period  of  increase  of  the  body  generally;  for 
ir  may  manifest  itself  in  particular  organs  or  tissues,  as  a  normal  opera- 
tion, at  any  subsequent  part  of  life  ;  as  when  an  extraordinary  demand 
for  the  functional  activity  of  a  particular  set  of  Muscles  is  supplied  by  an 
increase  in  the  amount  of  their  contractile  tissue. — And  further,  even 
I  where  there  is  no  such  manifestation  of  increase,  there  is  really  a  con- 
iaual  growth  in  all  the  tissues  actively  concerned  in  the  vital  operations, 
and  this  even  to  the  very  end  of  life ;  although  it  may  be  so  far  counter- 
balanced, or  even  surpassed,  by  changes  of  an  opposite  kind,  that  instead 
of  augmentation  in  bulk,  there  is  absolute  diminution. 

330.  The  evolution  of  the  complete  organism  from  its  germ,  however, 
loes  not  consist  in  mere  growth ;  for  by  such  a  process  nothing  would 
>e  produced  but  an  enormous  aggregation  of  simple  cells,  possessing 
ttle  or  no  mutual  dependence,  like  those  which  constitute  the  shapeless 
asses  of  the  lowest  Algae.  In  addition  to  increase  there  must  be 
development,  that  is,  a  passage  to  a  higher  condition,  both  of  form  and 
ucture ;  so  that  the  part  in  which  this  change  takes  place  becomes 
ted  for  some  special  function,  and  is  advanced  towards  the  state  in 
hich  it  exists  in  the  highest  or  most  completed  form  of  its  specific 
e.  Thus  the  development  of  tissue  consists  in  the  change  from  a 
pie  mass  of  cells  or  fibres  into  any  other  form  ;  as  in  the  production 
f  Dentine  from  the  cellular  substance  of  the  tooth-pulp,  or  in  the  for- 
ation  of  Bone  in  the  sub-periosteal  membrane.  So,  again,  the  deve- 
pmental  change  is  seen  in  the  passage  of  an  entire  organ  from  a  lower 
>  a  higher  condition,  by  the  evolution  of  new  parts,  or  by  a  change  in 
ie  relations  of  those  already  existing,  even  though  the  change  in  its 
xture  should  consist  of  little  else  than  of  simple  increase  :  thus  in  the 
velopment  of  the  Heart,  we  have  the  original  single  cavity  subdivided, 
3t  into  two,  and  at  last  into  four  chambers  :  and  in  the  development 
the  Brain,  we  find  the  sensory  ganglia  to  be  the  parts  first  formed, 
2  anterior  lobes  of  the  cerebrum  to  be  evolved  (as  it  were)  from  these, 
e  middle  lobes  sprouting-forth  from  the  back  of  the  anterior,  and  the 
iterior  from  the  back  of  the  middle ;  yet  with  all  this,  there  is  no 
oduction  of  any  new  kind  of  tissue,  the  new  parts  being  generated  at 
■J  expense  of  histological  components  identical  with  those  of  the  pre- 
ting. — Now  it  is  in  the  early  period  of  embryonic  life,  that  the 
elopmental  process  is  most  remarkably  displayed  ;  for  it  is  then  that 
see  that  transformation  of  the  primordial  cells  into  tissues  of  various 
ds,  which  originates  a  special  ?iisus  in  each  part,  whereby  the  pro- 
tion  of  the  same  tissue,  in  continuity  with  that  first-formed,  comes 
e  a  simple  act  of  growth ;  and  it  is  then  also  that  we  observe  that 
king-out  of  all  the  principal  organs,  by  the  development  of  tissue  in 
icular  directions,  which  makes  all  subsequent  evolution  but  a  cona- 
tion or  filling-up  of  the  plan  thus  sketched-out.  Thus,  during  the 
t  days  of  incubation  in  the  Chick,  the  foundation  is  laid  of  the 
tebral  column,  the  nervous  centres,  the  organs  of  sense,  the  heart 
circulating  system,  the  alimentary  canal,  the  respiratory  apparatus, 
liver,  the  kidneys,  and  many  other  parts ;  and  at  the  termination  of 
t  period,  the  chick  emerges  in  such  a  state  of  completeness  of  de- 
>pment,  that  little  else  than  increase  is  wanting,  save  in  the  plumage 
sexual  organs,  to  raise  it  to  its  perfect  type.    The  same  may  be  said 
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of  the  Human  organism  ;  save  that  the  period  of  its  development  is  re- 1 
latively  longer,  in  accordance  with  the  higher  grade  which  it  is  ulti- 
mately to  attain  ;  its  earliest  stages  being  passed-through,  however,  with  j 
extraordinary  rapidity.     The  complete  evolution  of  the  generative! 
organs,  of  the  osseous  skeleton,  and  of  the  teeth,  constitute  the  principal! 
developmental  changes  which  the  Human  organism  undergoes  in  its  pro-l 
gress  from  the  infantile  to  the  adult  condition ;  almost  every  other 
alteration  consisting  in  simple  increase  of  its  several  component  tissues 
and  organs,  without  any  essential  change  in  their  form  or  structurej 
And  when  the  adult  type  has  been  once  completely  attained,  every  subi 
sequent  change  is  one  rather  of  degeneration  than  of  development,  oi 
retrogression  rather  than  of  advance. 

331.  The  difference  between  these  two  processes  of  Growth  anc 
Development  is  most  characteristically  shown  in  those  cases,  in  whicli 
there  is  a  partial  or  complete  arrest  of  one  of  them,  without  any  cot\ 
responding  impairment  of  the  other.  Thus  a  dwarf,  however  small  irj 
stature,  may  present  a  perfect  development  of  every  part  that  is  characl 
teristic  of  the  complete  human  organism ;  the  deficiency  being  solely 
the  capacity  for  growth.  On  the  other  hand,  the  usual  size  at  birtl 
may  be  attained,  and  every  organ  may  present  its  ordinary  dhnensior 
and  yet  some  important  part  may  be  found  in  a  condition  of  airestel 
development :  thus  the  Heart  may  consist  of  a  single  cavity,  or  the  inter 
ventricular  or  inter-auricular  septa  may  be  incomplete,  so  that 
organ  has  not  passed  beyond  the  grade  of  development  which  it 
attained  at  an  early  period  of  embryonic  life,  although  its  growth  ma 
have  continued  ;  or  the  Brain  may  in  like  manner  exhibit  a  deficienc 
of  the  posterior  lobes,  or  of  the  corpus  callosum,  or  of  some  other  pa 
whose  formation  nominally  takes  place  in  the  latter  months  of  intra 
uterine  life,  although  the  parts  already  produced  may  have  continued 
grow  at  their  usual  rate. — Numerous  instances  of  the  same  kind  mig) 
be  cited,  but  these  must  suffice. 

332.  The  demand  for  nutrition  arises,  however,  not  merely  from 
exercise  of  the  formative  powers  which  are  concerned  in  the  building-i 
of  the  organism,  but  also  from  the  degeneration  and  decay  which 
continually  taking-place  in  almost  every  part  of  it,  and  the  effects 
which,  if  not  antagonized,  would  speedily  show  themselves  in  its  cor 
plete  disintegration.    As  each  component  cell  of  the  organism  has 
certain  degree  an  independent  life  of  its  own,  so  has  it  also  a  limit 
duration ;  and  its  duration  usually  bears  an  inverse  ratio  to  its  fur 
tional  activity.    This  is  particularly  striking  when  we  compare  t| 
ratio  of  change  in  the  organisms  of  cold-blooded  animals  at  low  and 
high  temperatures ;  for  they  five  slowly,  need  little  nutriment,  give- 
but  a  small  amount  of  excretory  products,  and  require  a  long  time 
the  performance  of  the  reparative  processes,  under  the  former  cc-nl 
tion  ;  but  live  fast,  require  a  comparatively  large  supply  of  nutrime1 
give-off  a  far  greater  amount  of  carbonic  acid  and  other  excretij 
resulting  from  the  '  waste'  of  tissue,  and  exhibit  a  far  more  rapid  rej 
ration  of  injuries,  in  the  latter  state.    The  constantly-high  temperat| 
of  Man,  as  of  other  warm-blooded  animals,  prevents  this  differe 
from  being  displayed  in  him  in  a  similar  manner;  but  it  is  well 
when  we  contrast  his  different  tissues  with  each  other,  and  study  tlj 
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respective  histories.  For  whilst  there  are  some  (i.)  which  appear  to 
pass  through  all  their  stages  of  growth,  maturation,  and  decline,  within 
a  limited  period,  there  are  others  (n.)  whose  existence  seems  capable  of 
almost  indefinite  prolongation,  and  others  (in.)  again,  which  are  liable 
to  have  a  period  put  to  their  life  at  any  time,  by  the  direction  of  their 
vital  force  into  other  channels. 

i.  Of  those  belonging  to  the  first  category,  which  are  actively  con- 
cerned in  the  purely-vital  operations  of  the  organism,  a  characteristic 
example  is  presented  by  the  Ovule ;  which,  if  not  fertilized  within  a 
limited  period  after  its  maturation,  speedily  declines  and  decays  ;  and  the 
same  law  of  limited  duration  doubtless  extends  to  a  large  proportion  of 
such  tissues  as  are  actively  concerned  in  the  maintenance  of  the  organic 
functions ;  as  for  example,  the  Corpuscles  of  the  blood,  the  Epithelial 
cells  of  many  glands  which  are  instrumental  in  the  process  of  Secretion, 
the  cells  forming  the  parenchyma  of  the  Absorbent  and  Vascular  Glands, 
and  many  others. 

ii.  The  contrary  extreme  to  this  may  be  found  in  those  tissues  Avhose 
functions  are  rather  physical  than  vital ;  and  especially  in  such  as  undergo 

|.  consolidation  by  the  deposit  of  solidifying  matter,  either  in  combination 

with  the  animal  membrane  or  fibre,  or  in  its  interstices.  Such  tissues 
i  we  more  withdrawn  from  the  general  current  of  vital  action ;  and  there 

seems  to  be  no  definite  limit  to  the  duration  of  some  of  them,  except  such 
j  is  is  imposed  by  the  chemical  and  mechanical  degradation  to  which  they 
linay  be  subjected.  This  appears  to  be  the  case  with  the  simple  Fibrous 
tissues,  especially  the  yellow,  even  in  their  soft  or  unconsolidated  state  ; 

>ut  it  is  far  more  obvious  in  the  dentine  and  enamel  of  Teeth,  which  are 
Jr'ormed  by  the  combination  of  calcareous  salts  with  an  animal  matrix, 
lend  which  retain  their  condition  apparently  unchanged  through  the 
;  rhole  remainder  of  life,  under  circumstances  which  show  that  if  any 

I ;  mtritive  action  takes  place  in  them,  its  amount  must  be  extremely  small, 
n  the  dentinal  structures  of  the  young,  however,  there  is  obviously  a 

I-  eterminate  limit  of  existence ;  as  is  shown  by  the  exuviation,  at  a  certain 
i  h  efinite  epoch,  of  the  first  set  of  teeth,  which  exuviation  is  usually  pre- 

leded  by  the  death  and  partial  disintegration  of  their  texture.  In  Hair, 
i  pails,  and  other  Epidermic  appendages,  again,  whose  substance,  when 

I  ace  it  has  undergone  consolidation  by  the  deposit  of  horny  matter,  may 
■■  ^main  unchanged  for  centuries,  we  must  recognize  the  same  principle 

I I  indefinite  duration,  in  connection  with  the  cessation  of  vital  activity ; 
|  ie  chemical  constitution  of  these  textures,  moreover,  being  such  as 
1  mders  them  but  little  prone  to  be  acted-upon  by  ordinary  decomposing 
j  jencies.  The  limit  of  existence  seems  more  determinate,  however,  in 
j  one ;  for  not  only  do  we  find  that,  in  the  first  development  of  this  sub- 
since,  a  considerable  part  of  the  tissue  originally  generated  by  the  con- 

I  Hdation  of  its  osseous  or  cartilaginous  matrix  speedily  disappears,  and 
I  at  during  the  whole  period  of  growth  of  the  shaft  of  a  round  bone, 
ere  is  a  continual  removal  of  its  inner  and  older  portions,  whereby  the 
1  edullary  cavity  is  progressively  enlarged ;  but  there  is  strong  evidence 
I  at,  even  after  the  bone  has  attained  its  full  dimensions,  a  replacement 
[  old  Haversian  systems  by  new  is  continually  in  progress, 
f  'ii.  In  the  case  of  the  Muscular  and  Nervous  tissues,  however,  we 
I  ice  the  operation  of  causes  that  differ  from  any  of  those  already  specified. 

b  b  2 
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These  tissues  are  doubtless  subject,  like  all  others  that  are  distinguished 
by  their  vital  activity,  to  the  law  of  limited  duration  ;  for  we  find  that, 
when  not  called  into  use,  they  undergo  a  gradual  disintegration  or 
wasting,  Avhich  is  not  adequately  repaired  by  the  nutritive  processes. 
But  their  existence  as  living  structures  appears  to  be  terminable  at  any 
time,  by  the  exercise  of  their  functional  powers  ;  for  the  development  of 
muscular  contractility  or  of  nervous  force  seems  to  involve,  as  its  neces- 
sary condition,  a  metamorphosis  (so  to  speak)  of  the  vital  power  which  j 
was  previously  exercising  itself  in  the  nutritive  operations;  and  the 
materials  of  these  tissues,  now  reduced  to  the  condition  of  dead  matter,  I 
undergo  those  regressive  changes  which  speedily  convert  them  into  excre- 
mentitious  products.    But  the  very  manifestation  of  their  peculiar  vital  j 
endowments  determines  an  afflux  of  blood  towards  the  parts  thus  called  j 
into  special  activity  ;  and  from  this  it  comes  to  pass,  that  the  nutrition  of  j 
these  textures  is  promoted,  instead  of  being  impaired,  by  the  losses  tol 
which  they  are  thus  subjected;  so  that  their  constant  exercise  occasional 
an  augmentation,  rather  than  a  diminution  of  their  substance, — a  due' 
supply  of  the  requisite  materials  being  always  presupposed. 

333.  Thus  it  comes  to  pass,  that  during  the  whole  period  of  active 
life,  a  demand  for  Nutrition  is  created  by  every  exertion  of  the  vital 
powers,  but  more  especially  by  the  evolution  of  the  Nervous  and  Mus- 
cular forces.  The  production  and  application  of  these,  indeed,  may  be 
considered  as  the  great  end  and  aim  of  the  Human  organism,  so  far  a" 
least  as  the  individual  is  concerned ;  the  whole  apparatus  of  Organi 
life  being  subservient  to  the  building-up  and  maintenance  of  the  Nervo 
muscular  apparatus,  and  of  those  parts  of  the  fabric  (e.g.,  the  bones, 
cartilages,  fibrous  textures,  &c.)  which  it  uses  as  its  mechanical  instru 
ments.  Thus  the  activity  of  all  the  Organic  operations,  when  once  th 
full  measure  of  growth  has  been  attained,  is  mainly  determined  by  tha 
of  the  Animal  functions  ;  and  as  the  '  rate  of  life'  of  all  the  parts  whic 
minister  to  the  former  will  be  proportioned  to  the  energy  with  whic 
they  are  called-upon  to  perform  their  functions,  their  duration  w 
diminish  in  the  same  proportion,  and  hence  occasion  will  arise  for  th 
continual  renewal.*  But  since,  in  the  attainment  of  the  adult  condition 
the  productive  capacity  has  undergone  a  gradual  diminution,  whilst  th 

*  Such  an  excellent  illustration  is  afforded  by  the  phenomena  of  Vegetation,  of  th 
doctrines  here  propounded,  that  it  scarcely  appears  desirable  to  pass  it  by  in  this  plac 
although  it  has  been  elsewhere  more  fully  rel'erred-to  (Piunc.  ofComp.  Phys.,  §§  26 
358). — The  leaves  of  Plants  serve,  like  the  absorbing  and  assimilating  cells  of  Aninr 
for  the  introduction  and  elaboration  of  the  nutritive  materials  which  are  to  be  applie 
to  the  extension  of  the  fabric  ;  the  more  permanent  and  inactive  parts  of  which  a 
thus  generated  at  the  expense  of  materials  prepared  by  the  vital  operations  of  theme 
transitory  and  energetic.  Now  there  is  an  obvious  limit  to  the  duration  of  the  leal-cell 
but  this  limit  is  not  precisely  one  of  time,  being  rather  dependent  upon  the  comph 
of  their  series  of  vital  actions.    Thus,  although  we  are  accustomed  to  look  upon  t 
'  fall  of  the  leaves'  (which  is  nothing  else  than  an  exuviation  consequent  upon  death) 
a  phenomenon  of  regular  seasonal  recurrence,  and  to  regard  their  replacement  by  a  ne 
growth  as  occurring  at  a  not  less  constant  interval,  yet  experience  shows  that  the 
intervals  are  entirely  regulated  by  temperature  ;  for  if  one  of  the  ordinary  deciduo 
trees  of  temperate  climates  be  transferred  to  a  tropical  climate,  itwill  live  much  taste 
its  leaves  being  shed  far  more  frequently,  and  being  replaced  much  more  speedily , 
that  two,  or  even  three,  successive  exuviations  and  reproductions  of  its  foliage  no 
take  place  within  a  year. 
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exercise  of  the  animal  powers  has  become  vastly  increased,  the  formative 
processes  are  only  capable  of  maintaining  the  Organism  in  its  state  of 
completeness  and  vigour,  by  making-good  the  losses  consequent  upon  the 
continual  disintegration  to  which  it  is  subjected  by  its  nervo-muscular 
activity.  And  with  the  advance  of  years,  the  further  diminution  of  the 
oroductive  capacity  involves, — on  the  one  hand,  a  progressive  decrease 
b  the  substance  of  the  tissues  and  organs  most  important  to  life  (their 
bulk,  however,  frequently  remaining  unchanged,  or  even  increasing,  in 
consequence  of  the  accumulation  of  fat),  and  on  the  other,  a  gradual 
weakening  of  its  powers  of  action.  (See  chap,  xx.) 

334.  The  performance  of  the  function  of  Nutrition,  the  demand  for 
which  arises  out  of  the  causes  that  have  been  now  discussed,  is  de- 
pendent, not  merely  upon  a  due  supply  of  pure  and  well- elaborated  blood, 
out  also  upon  the  normal  condition  of  the  part  to  be  nourished,  and 
'specially  upon  its  possession  of  a  right  measure  of  '  formative  capacity  ;' 
n  virtue  of  which,  the  newly-produced  tissues  are  generated  in  the  like- 
iess,  as  well  as  in  the  place,  of  those  which  have  become  effete.  The 
xactness  of  this  replacement  is  most  remarkably  shown  in  the  retention 
f  the  characteristic  form  and  structure  of  each  separate  organ  or  part 
f  the  body,  and  thus  of  the  entire  organism,  through  a  long  series  of 
ears ;  no  changes  being  apparent  (so  long  as  the  state  of  health  is  pre- 
.Tved),  but  such  as  are  conformable  to  the  general  type  of  that  altera- 
]  on  which  the  organism  undergoes  with  the  advance  of  life.    And  not 
i  nly  is  this  to  be  noticed  in  the  conservation  of  all  those  distinguishing 
;  oints  of  structure  which  mark  the  species  and  are  essential  to  its  well- 
Bing,  but  it  is  still  more  remarkably  displayed  in  the  continuous  renewal 
t'  those  minor  peculiarities  which  constitute  the  characteristic  features 
|  'the  individual,  and  which  serve  to  distinguish  him  from  his  fellows. 

nd  how  much  this  depends  upon  the  formative  capacity  originally  de- 
lved from  the  germ,  is  evident  from  this,  that  a  similar  moulding  (so 
clv  speak)  of  the  nutritive  material  takes  place,  in  its  original  develop- 
ment, at  first  into  the  form  characteristic  of  the  species,  and  afterwards 
;  |  to  that  which  marks  the  individual ;  and  that  the  peculiarities  of  the 
I  dividual  are  frequently  such  as  have  been  distinctive  of  one  or  other 
V  the  parents,  or  present  a  combination  of  both.    But  it  is  curious  that 
I  e  formative  power  should  often  be  exercised,  not  only  in  maintaining 
I  e  original  type,  but  also  in  keeping-up  some  acquired  peculiarity ;  as, 
1  r  example,  in  the  perpetuation  of  a  cicatrix  left  after  the  healing  of  a 
j.ound.    For,  as  Mr.  Paget  has  remarked,  the  tissue  of  a  cicatrix  grows 
|  d  assimilates  nutrient  material,  exactly  as  do  its  healthy  neighbouring 
1  'sues ;  so  that  a  scar  which  a  child  might  have  said  to  be  as  long  as 
I  s  own  fore-finger,  will  still  be  as  long  as  his  fore-finger  when  he 
I  icomes  a  man.    And  when  the  mode  of  nutrition  in  any  part  has  been 
I  tered  by  disease,  there  is  frequently  an  obstinate  tendency  to  the  per- 
i  l.tuation  of  the  same  alteration;  or,  if  the  healthy  action  be  for  a  time 
|  stored,  there  is  a  peculiar  tendency  to  the  renewal  of  the  morbid  pro- 
1 3s  of  the  part;  and  this  is  stronger  the  more  frequently  it  recurs,  until 
I  last  it  becomes  inveterately  established.    There  is,  however,  in  the 
t  mies  generally,  as  in  the  Blood,  a  general  tendency  to  a  return  to  the 
I  rmal  type,  after  it  has  undergone  a  temporary  perversion ;  and  thus  it 
that  we  find  the  typical  structure  of  parts  generally  restored,  when 
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the  morbid  tendency  has  been  overcome;  and  that  even  cicatrices  and i 
indurations,  notwithstanding  their  usual  obstinate  persistence,  occasion- 
ally disappear.  The  normal  type  is,  perhaps,  less  likely  to  be  thus  re- 
covered, when  the  departure  from  it  is  very  slight,  and  consists  rather! 
in  the  wrong  plan  (so  to  speak)  on  which  the  new  matter  is  laid  down  I 
than  in  a  perversion  of  the  nutritive  process  itself.  It  may  be  useful  tol 
conclude  this  section  with  a  table  showing  the  proportion  which  the* 
several  component  parts  of  the  body  bear  to  one  another.*  It  will  bej 
seen  how  large  a  percentage  of  the  body  is  composed  of  the  soft  tissues,! 
in  which  rapid  processes  of  disintegration  and  reconstruction  are  con-l 
stantly  in  course  of  performance  : — 


Woman 

New-born 

Fcetus, 

Mantet.33, 
executed. 

set.  22, 

Youth ; 
suicide. 

* 

sixth 
month. 

killed  by 

Boy. 

Girl. 

accident. 

Weight  of  the  whole  body 

in  grammes  .... 

69,668 

55,400 

35,547 

2400 

2969 

643 

Percentage  proportion  of — 

159 

151 

156 

17-7 

15-7 

20*3 

41  8 

358 

44-2 

22-9 

239 

22-3 

Thoracic  Viscera  ,  . 

1-7 

2-4 

32 

30 

4-5 

27 

Abdominal  Viscera  . 

7-2 

8:2 

12-6 

11-5 

121 

12-3  J 

Fat  

182 

28-2 

13-9  ) 

200 

148 

Skin  

69 

57 

62  j 

IBS! 

1-9 

21 

39 

158 

122 

185 

The  proportion  of  water  in  the  body  of  adults  was  about  58'5  per  cent.  ;  in  the  ne\i 
born  child,  66'4  per  cent. ;  the  muscles  contained  75  7  per  cent.  ;  the  fat,  29  9 ;  thj 
skin,  72  ;  the  blood,  83  :  the  liver,  69 '3 ;  and  the  brain,  75  per  cent,  of  that  fluid. 


2.  On  the  Balance  of  the  Vital  Economy,  or  the  Relations  which  subsii\ 
between  the  Ingesta,  the  Metamorphosis  of  Tissue,  the  Work  acconk 
plished  in  and  by  the  Body,  and  the  Egesta.^ 

335.  During  the  last  few  years  many  laborious  investigations  have  be*; 
undertaken,  with  a  view  to  determine  what  may  be  called  the  "  baland 
of  the  vital  economy ;"  or  in  other  words,  to  ascertain  not  only  the  kirj 
and  quality  of  food  requisite  to  maintain  life  under  varying  extern!.- 
conditions,  but  to  gain  an  insight  into  the  manner  in  which  differeij 
kinds  of  food  are  applied  to  the  formation  of  tissue,  the  production  j 
mechanical  force,  and  to  the  maintenance  of  animal  heat ;  and  also  tli 
mode  in  which  the  results  of  their  metamorphosis  within  the  body  aj 

*  From  Ranke,  "  Grundziige  der  Physiologie,"  1868,  p.  143. 

+  The  following  are  some  of  the  more  important  recent  works  on  this  subject  :Jr( 
Bidder  and  Schmidt,  "  Die  Verdauungssafte  und  der  Stofl'wechsel,"  1852.  Lawes  ab? 
Gilbert,  "  Philosoph.  Trans.,"  1859.    Bischoff  and  Voit,  "  Die  Gesetze  der  Ernahru 
des  Fleischfressers,"  Leipzig,  1860.   Henneberg  and  Stohmann,  "  Beitrage  zur  VM 
Futterung  der  Wiederkauer,"  Braunschweig,  1860.    lianke,  "Archiv  f.  An at.  ui 
Phys.,"  1862.    Pettenkofer  and  Voit,  "  Annal.  d.  Chemie  und  Pharmacie,    18|  , 
Schiitzenberger,  "  Chimie  applique  a  la  Physiologie,"  1864.    Voit  in  "Zeits.  1. 
logie,"B.ii.  1866,  pp.  6  and  189,  Bd.  iii.  1867,  p.  1.— The  Editor  must  here  acknowiejj 
his  obligations  to  the  standard  works  of  Funke,  Ludwig,  Vierordt,  Budge,  ^oa^ 
Milne-Edwards,  Herrmann,  and  Kanke  ;  in  each  of  which,  excellent  sections  i.) 
"  Nutrition"  will  be  found. 


ON  THE  BALANCE  OF  THE  VITAL  ECONOMY. 


375 


ultimately  discharged  by  the  various  excretory  organs.  The  experi- 
ments of  Chossat  and  Mr.  Savory  already  alluded  to  (§§  58  and  75),  may 
be  said  briefly  to  show  that,  during  inanition,  an  animal  lives  upon  itself, 
consuming  about  one-half  of  its  body  before  death  occurs ;  and  we  may 
be  sure,  from  the  care  that  we  elsewhere  see  to  be  taken  by  nature  in 
the  preservation  of  life,  that  the  animal  then  lives  most  economically. 
But  we  cannot  conclude  from  analyses  of  its  egesta  in  the  fasting  state, 
or  from  calculations  based  on  those  analyses  of  the  quantity  of  Albumen 
or  Fat  actually  consumed  in  the  acts  of  life,  that  we  have  obtained  accu- 
rate data  of  the  minimum  required  for  the  maintenance  of  the  Animal  in 
its  normal  state ;  for  numerous  experiments  have  shown,  that  if  the 
same  amount  of  food  be  given  to  the  animal  as  will  exactly  cover  its 
egesta  in  the  fasting  state,  the  excretions  by  skin  and  lungs,  urine  and 
feces,  will  exceed  that  quantity  in  weight ;  clearly  showing  that  the 
animal  still  consumes  a  portion  of  its  own  body,  or,  in  other  words,  that 
more  than  a  minimum  is  required.  According  to  Bidder  and  Schmidt, 
whilst  the  loss  of  weight  sustained  by  an  inanitiated  Carnivorous 
quadruped  is  about  2 '2  per  cent,  daily,  nearly  twice  as  much,  or  4*4  per 
cent.,  is  required  to  keep  up  its  weight  to  the  ordinary  standard.  The 
cause  of  the  increased  1  change  of  matter'  which  occurs  when  a  due 
supply  of  food  is  consumed,  has  probably  been  correctly  referred  by 
these  experimenters  to  the  circumstance  that  the  performance  of  the 
various  operations  of  digestion,  assimilation,  &c,  which  are  necessary 
preliminaries  to  the  appropriation  of  nutritive  matter  by  the  tissues, 
itself  involves  no  inconsiderable  consumption  of  what  was  previously 
existing  in  the  body.  Thus  they  estimate  that  the  respective  amounts 
of  the  various  digestive  fluids  which  are  daily  poured  into  the  alimentary 
canal  of  an  adult  Man  weighing  14  stone,  are  nearly  as  follows  : — 


Saliva  . 
Bile     .    .  . 
Gastric  juice  . 
Pancreatic  fluid 
Intestinal  j  uice 


oz.  grains. 
56 '8  containing    233  of  solid  matter. 
56-8        „         1208  „ 
147  2        „  2976 

7-1        „  310 

7-1        „  46 


Total  .  .  2750  4773 
So  that  nearly  lib.  av.  of  solid  matter  is  separated  from  the  blood  in 
the  digestive  secretions  for  the  purpose  of  introducing  new  alimentary 
materials  of  not  more  than  two  or  three  times  the  amount ;  and  thus  we 
see  that  a  larger  portion  of  the  food  ingested  and  assimilated  must  be 
consumed  in  providing  for  the  introduction  of  a  further  supply,  in  addi- 
tion to  that  which,  when  duly  assimilated,  is  applied  by  the  nutritive 
processes  to  the  repair  of  the  solid  tissues. 

336.  The  mode  of  conducting  experiments  of  this  nature,  consists  in 
the  first  place,  in  administering  to  an  animal  definite  quantities  of  ali- 
ment, the  chemical  composition  of  which  is  accurately  known  j  the 
quantities  and  composition  of  the  several  excreta  are  then  ascertained ; 
the  amount  of  work  done,  and  of  heat  produced,  is  accurately  noted ; 
and  finally,  the  variations  m  the  total  weight  of  the  body  from  day  to 
are  determined  with  the  most  rigorous  exactitude.  It  is  then  obvious 
at  we  shall  be  able  to  ascertain  approximatively  the  amount  of  Oxygen 
sorbed,  and  from  these  data,  supplemented  by  chemical  examination 
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of  the  several  tissues,  we  can  deduce  the  ultimate,  and  to  some  extent 
even  the  intermediate  changes  which  the  constituents  of  the  food  have 
undergone.  The  real  difficulty  in  such  inquiries  lies  not  only  in  the 
precise  estimation  of  the  nature  and  quantity  of  the  various  excretions, — 
a  difficulty  which  is  experienced  to  some  extent  when  the  products  of 
only  a  single  excretory  organ  are  under  examination,  and  which  is  in- 
creased manyfold  in  attempts  to  determine  the  variations  of  all — hut  in 
referring  the  organic  compounds  found  in  these  egesta  to  their  true 
origin  from  the  constituents  of  the  Food,  or  of  the  tissues  which  have 
undergone  metamorphosis  in  the  body.  Admitting,  then,  that  in  such 
calculations  as  those  which  will  now  be  adduced,  various  elements  of 
error  are  present,  which  only  frequent  and  careful  subsequent  experi- 
ments can  wholly  eliminate,  it  will  be  found  that  the  precision  of  modern 
research  has  obtained  results  of  surprising  accuracy ;  giving  indications 
that  it  will  hereafter  be  possible  to  follow  closely  every  step  of  the  suc- 
cessive changes  which  the  different  kinds  of  food  undergo,  from  the 
moment  of  their  introduction  into  the  body,  to  the  period  of  their  ulti- 
mate discharge.  Before  proceeding  to  consider  the  effects  of  variations 
in  the  quantity  and  kind  of  food  upon  nutrition  generally,  the  following 
Tables,  drawn  up  by  Vierordt,  may  be  advantageously  studied.  They 
represent  the  Ingesta  and  Egesta  of  a  .well-nourished  man  for  a  single 
day,  the  quantities  being  expressed  in  grammes. 


Ingesta. 


Total. 

Water. 

C 

H 

N 

O 

Oof  Air. 

Oxygen  of  the  air 
Albuminous  com- 
pounds .    .  . 

Fats  

Starch  .... 
Water  .... 
Salts  .... 

(744-1) 

120 

90 
330 
2635 
32 

183-18 

64-18 
7020 
146-82 

8-60 
10-26 

1888 

28-34 
954 

74411 

3207 
0544-1) 

3951 

18318 

281-20 

18-86 

18-88 

37-88  I  744-11 
781-99 

Egesta. 

Total. 

Water. 

C 

H 

N 

O 

Salts. 

By  the  Lungs  .  . 
„      Skin   .  . 

„      Urine  .  . 

„     Faeces .  . 

Total  .... 

Water  formed 

1229-9 
6698 

1766-0 

172-0 

330 
660 

1700 

128 

248-8 
2-6 
J  68 
|  3- 
20-0 

23 

1- 

3- 

? 

158 
3- 

651-15 
7-2 
91 
2-0 
12- 

J  26 
6 

2818 

281-2 

63 

18-8 

681-45 

32 

1131 

12-56 

1478 
8576 

781-99 

3951- 

18-86 
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In  the  second  Table  (Egesta)  it  will  be  observed  there  are  two  series  of  numbers 
under  the  head  of  Urine.  The  upper  one  denotes  the  quantity  of  Urea  and  other 
nitrogenous  compounds ;  the  lower,  that  of  the  remaining  organic  constituents  of  the 
Urine.  The  number  651 '15,  under  the  head  of  Oxygen,  also  indicates  the  quantity 
of  that  gas  contained  in  the  Carbonic  Acid  eliminated  by  the  Lungs.  As  regards  the 
Hydrogen  of  the  Egesta,  it  will  be  observed  that  two-thirds  (194  grammes)  is  already 
in  combination  with  oxygen  ;  there  remains,  therefore,  one-third  (12  "56)  to  be  oxidized 
in  its  passage  through  the  body.  This  requires  100*54  grammes  of  oxygen,  of 
which  the  greater  part  (85*76  grammes)  i3  derived  from  the  atmosphere,  the  remaining 
14*78  grammes  being  derived  from  the  food  itself,  which  last  is  that  quantity  of  oxygen 
which  is  not  covered  by  the  other  excreta. — The  relative  proportions  in  which  the 
Egesta  are  distributed  amongst  the  several  excretory  organs  appear  to  be,  therefore, 
:<tbe  following : — 

The  Lungs  eliminate  32  per  cent,  of  the  total  excreta. 

The  Skin        „        17        „  „ 

The  Faeces      ,,         i\      „  „ 

The  Urine      „        46£      „  „ 

337.  The  effects  of  modifying  the  diet  of  an  animal  are  of  much  in- 
:erest  in  reference  to  the  "  balance  of  the  Economy,"  and  some  of  the 
.  uore  important  results  may  here  be  briefly  given.    In  the  first  instance, 
[  n  reference  to  complete  abstinence  it  was  found  by  Bidder  and  Schmidt 
hat  a  Cat  deprived  of  food  died  in  18  days,  having  lost  half  its  weight, 
during  this  interval  they  observed  that  the  diminution  of  weight  which 
ook  place  was  equal  for  equal  periods,  excepting  during  the  first  few 
lays,  when  it  was  somewhat  greater  in  consequence  of  the  excretion  of 
he  remains  of  the  previous  food.    The  several  excretions  also  dimi- 
,-iished,  though  by  no  means  in  exact  proportion  to  the  loss  of  weight 
I  f  the  body  generally  :  the  quantity  of  Carbonic  acid  expired,  for  in- 
lufcance,  though  at  first  steadily  falling  with  the  diminishing  weight  of 
Ir'ae  body  (so  that  during  this  period  a  given  weight  of  the  animal  con- 
stantly evolved  the  same  weight  of  that  gas),  increased  from  the  8th  to 
ie  16th  day  (so  that  a  given  weight  of  the  body  eliminated  a  constantly 
lucreasing  quantity),  whilst  during  the  last  two  days  it  became  rapidly 
l^ss,  a  change  which  was  coincident  with  the  rapid  fall  of  temperature 
observed  by  Chossat  to  occur  shortly  before  death.*    The  quantity  of 
I  rrine,  again,  at  first  fell  proportionately  more  rapidly  than  the  weight 
|t  the  body ;  from  the  3rd  to  the  16th  day  it  sank  proportionately,  and 
J  tiring  the  last  two  days  far  more  rapidly  than  the  general  weight  of 
1  ie  body.    After  the  10th  day  all  the  Bile  secreted  was  discharged  by 
\  .e  Faeces.    The  proportions  of  Sulphuric  and  Phosphoric  Acids  in- 
i.  eased  absolutely,  but  their  relative  proportions  remained  unchanged, 
is  remarkable,  as  showing  the  great  importance  of  Chloride  of  Sodium 
the  animal  economy,  and  the  tenacity  with  which  it  is  retained  by 
I  e  tissues,  that  this  salt  soon  entirely  ceased  to  be  excreted.    It  was 
J  and  that  the  whole  amount  of  Nitrogen  excreted  by  the  Urine  and 
I  eces  in  the  18  days  was  475  grains.    Now  the  proportion  of  Nitrogen 
il  the  muscles  of  the  Cat,  deprived  of  water,  was  15*07  per  cent. ;  and 
I  is  might  also  be  considered  as  representing  the  proportion  of  Nitrogen 
|  the  albuminous  compounds  contained  in  the  Blood  and  in  the  nervous 
p  d  glandular  tissues,  which  are  expressly  included  by  Schmidt  as  fur- 
'  I  *ing  a  portion  of  the  excreted  Nitrogen.    Consequently  475  grains 


.  I»  P»;ttenkofer  and  Voit's  experiments  the  quantity  of  Carbonic  Acid  was  found 
an  at  the  close  of  life  to  one-half  of  its  previous  amount. 
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of  Nitrogen  would  correspond  to  the  metamorphosis  of  31 56  grains  of  Al- 
bumen. But  every  3156  grains  of  Albumen  contain  1578  grains  of  Car- 
bon ;  and  if  this  amount  be  deducted  from  the  total  quantity  of  Carbon  ex- 
creted during  the  18  days  by  the  lungs,  kidneys,  and  bowels,  which 
amounted  to  3180  grains,  there  is  a  remainder  of  1602  grains  of  Carbon 
excreted  by  those  organs,  which  must  clearly  have  proceeded  from  the  me- 
tamorphosis of  some  other  tissues  than  the  albuminous.   They  must  pro- 
ceed from  the  disintegration  of  Fat.   But  1 602  grains  of  Carbon  represent 
2050  grains  of  the  ordinary  fat  of  the  Cat ;  that  quantity  must,  therefore, 
have  been  decomposed  during  the  period  of  inanition.    In  this  manner, 
then,  the  proportions  of  albumen  and  of  fat  which  underwent  metamor- 
phosis during  the  18  days  are  obtained.    If  these  be  together  deducted 
from  the  total  loss  of  weight  experienced  by  the  animal,  18,543  grains,  we 
obtain  the  number  13,337  grains,  Avhich  represents  the  loss  of  water  by  the 
various  excretory  organs.    A  certain  proportion  of  this  water,  which  is 
calculated  by  Schmidt  to  amount  to  10,906  grains,  proceeds  from  thd 
water  of  hydration  of  the  decomposed  albumen  of  the  Blood,  Muscles, 
Nerves,  &c,  and  the  remainder  is  drawn  from  the  other  constituents  on 
the  body.    Schmidt  further  calculates  that  9336  grains  of  Oxygen  were! 
absorbed  by  the  Lungs,  of  which  76*5  parts  reappeared,  combined  with! 
carbon,  as  carbonic  acid,  in  the  expired  air. — The  metamorphosis  o| 
tissue  having  been  determined  in  this  way  for  the  whole  period  of  Id 
days,  and  the  amounts  of  the  several  excreta  having  been  thus  referred! 
to  their  origin,  we  now  proceed  to  inquire  into  the  proportionate 
amounts  of  the  different  tissues  undergoing  this  self-consumption  during 
the  several  days  of  fasting ;  since,  from  the  variation  which  has  beeif 
already  mentioned  as  occurring  in  the  nature  and  quantities  of  the  excretajii 
it  is  evident  that  the  consumption  of  the  animal's  tissues,  and  the  disinj 
tegration  and  discharge  of  their  products  by  the  several  excretory 
organs,  do  not  remain  the  same.   The  most  important  of  the  conclusion) 
drawn  by  Schmidt  on  this  point  are — 1.  That  whilst  the  daily  quanti 
of  Fat  undergoing  oxidation,  in  a  fasting  animal,  remains  nearly  conj 
stant ;  that  of  the  Albumen  falls  in  the  course  of  the  first  two  days  tj 
one-half,  then  remains  constant  for  eight  days,  then  falls  slowly,  aw 
during  the  last  two  days  diminishes  rapidly  and  considerably.    The  es 
haled  carbonic  acid  represents  at  first  double,  and  at  the  close  of  lij 
three  times  the  amount  of  the  constituents  of  the  body  decomposed,  J 
necessary  consequence  of  the  circumstance  that  at  the  former  period  (i 
is  shown  by  the  amount  of  urea  eliminated  in  the  urine)  the  albummoil 
compounds,  but  at  the  latter  the  fatty  substances,  are  chiefly  metamoi 
phosed.    2.  The  quantity  of  expired  aqueous  vapour  diminishes  coj 
tinually  but  unequally,  falling  more  quickly  at  the  commencement  an: 
at  the  end  of  the  experiment.    The  proportion  of  aqueous  vapol 
eliminated  by  the  skin  and  lungs  to  that  discharged  by  the  urine  ail. 
faeces  remains  constant  a3  10  :  7.     The  absorption  of  oxygen  is  afl 
found  to  diminish  unequally,  being  much  less  at  the  commencement 
the  period  of  inanition  and  towards  the  close  of  life.    The  quantityl 
oxygen  expired  as  carbonic  acid  also  falls  (from  80  to  73  per  cert 
On  the  whole  a  fasting  animal  loses  daily  1  per  cent  of  its  l>°| 
substance,  calculated  as  free  from  water,  of  which  0-6  is  albuminous  a 
0-4  fat.  Bischoff  and  Voit  have  made  several  similar  series  of  rcsearc* 
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on  a  dog,  after  having  previously  in  one  experiment  fed  him  well ;  in  a 
second,  after  having  gradually  diminished  the  amount  of  food ;  and  in 
others,  after  having  given  him  an  excessive  supply  of  meat  and  fat. 
The  general  conclusions  at  which  they  arrived  were,  that  during  inani- 
tion the  amount  of  consumption  of  the  animal's  own  tissue  was  depen- 
dent upon  its  size  ;  since  if  it  had  been  previously  well  fed,  it  lost  more 
in  a  given  time,  and  if  it  had  been  badly  fed  it  lost  less  ;  living  in  the 
latter  case,  as  it  were,  more  economically.  And  further,  the  consump- 
tion was  found  to  fluctuate  between  the  two  chief  factors  of  the  body, 
the  muscular  tissue  and  the  fat,  in  such  a  manner  that  a  very  muscular 
animal  consumed  more  flesh,  and  a  very  fat  animal  more  fat  ;  which 
result  is  attributable  in  part  to  the  presence  of  a  greater  bulk  or  mass 
of  the  tissue,  which  is  consequently  more  exposed  to  the  action  of  the 
oxygen  absorbed,  and  undergoes  a  greater  amount  of  disintegration. 
In  the  experiment  in  which  the  animal  had  been  previously  well  fed, 
and  with  a  mean  weight  of  70  lbs.,  the  proportion  of  nitrogen  to  that  of 
carbon  eliminated  was  as  1  :  19  ;  the  proportion  of  nitrogen  eliminated 
per  diem  for  each  1  lb.  of  body  weight  being  2*1  grains,  and  of  carbon 
4(>  grains.  In  a  second  experiment,  where  the  dog  had  previously  been 
fed  on  progressively-diminishing  quantities  of  meat,  and  weighed  70*7 
lbs.,  the  proportion  of  N.  to  C.  was  as  1  :  24,  and  there  were  eliminated 
for  each  1  lb.  of  body  weight  1-68  grains  of  N.  and  40  grains  of  C. 
In  a  third  experiment,  where  the  dog  had  been  so  abundantly  fed  that 
its  mean  weight  throughout  the  experiment  was  85  lbs.,  the  proportion 
of  N.  to  C.  was  as  1  :  16-3,  the  quantity  of  N.  eliminated  per  diem  to 
b  1  lb.  of  body  weight  being  1*54  grains,  and  25*2  grains  of  C. — 
Similar  observations  have  been  made  by  Eanke*  on  himself  j  and  the 
influence  of  diet  in  Man,  in  effecting  a  variation  in  the  composition  of 
the  excretions,  is  well  shown  in  the  following  table,  based  on  his  expe- 
riments : — 

Proportion  of 

Nitrogen  to  Carbon     Quantity  of  Nitrogen     Quantity  of  Carbon 
in  the  collective  excreted  per  diem      excreted  per  diem  for 

excretions  of  the  for  each  1  lb.  of  body  each  1  lb.  of  body 
Skin,  Lungs,  and  weight,  in  grains.  weight,  in  grains. 

Kidneys. 

With  mixed  food  1:12         ...  1*817  ...  45*7 

In  inanition   1:17         ...  1*000  ...  17*82 

With  non-nitrogenous  food     .    1:25         ...  *788  ...  19-5 

With  excessive  and  excluO     -fi  ,  _ 

•   Bive  meat-diet  (4  lbs.)     .f     L'b  ***  a  57         —        bL  a 

Kanke  found  in  his  experiments  that  Man  required  more  carbon,  i.e. 
■  more  fat  or  starch,  in  his  food  to  supply  the  wants  of  his  economy,  than 

appeared  to  be  requisite  in  the  Dog  experimented  on  by  Bischoff  and 

Voit;  and  he  further  remarks  that  the  quantity  of  nitrogen  appearing 
;  ^  tne  excreta  bears  an  inverse  proportion  to  the  carbon  contained  in 
I  -he  food :  consequently,  when  the  fat  or  starchy  constituents  of  the 

ood  are  insufficient,  the  albuminous  constituents  of  the  body  are 
rawn  upon  or  are  consumed  to  maintain  the  temperature.  More- 

>ver,  he  believes  that  he  has  proved  that,  after  a  few  days  of 
|  luctuation  consequent  upon  change  of  diet,  the  whole  amount  of  nitro- 
I  ,en  ingested  in  the  food  may  be  recovered  from  the  urine  and  fasces. 

*  Mullcr's  "  Archiv,"  1852,  p.  335  et  seq. 
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He  found  also — 1.  That  the  minimum  quantity  of  urea  (containing 
nearly  all  the  nitrogen)  is  discharged  during  hunger.    2.  That  whilst 
mere  increase  in  the  quantity  of  food,  irrespective  of  its  composition 
has  no  effect  in  increasing  the  quantity  of  nitrogen  eliminated  by  the 
kidneys,  an  increase  in  the  proportion  of  nitrogenous  diet  is  followed  by 
an  increased  discharge  of  urea,  though  this  does  not  rise  proportionately 
for  24  hours  at  least ;  the  effect,  however,  enduring  for  some  time  after 
the  withdrawal  of  such  food.    3.  The  same  holds  with  regard  to  uric 
acid.    In  fasting  animals  Voit  found  the  proportion  of  water  in  the 
several  organs  increased  in  amount,  so  that  in  a  starved  cat  the  per- 
centage of  water  in  the  muscles  was  76'5  per  cent.,  whilst  in  a  well- 
nourished  cat  it  only  amounted  to  74 -6  per  cent. ;  and  Ranke  found  that 
in  the  muscles  of  Frogs  in  winter,  when  they  obtained  little  or  no  food, 
the  proportion  of  water  was  83  per  cent.,  whilst  in  summer,  when  they 
were  well  fed,  it  was  only  79.    Such  increase  of  the  proportion  of  water 
has  a  powerful  effect  in  exhausting  the  muscles,  and  probably  also  leads 
to  depression  of  the  temperature  by  interfering  with  the  processes  of 
oxidation.    In  none  of  the  experiments  performed  by  Bischoff  and 
Voit  was  any  direct  estimate  made  of  the  Carbonic  Acid  evolved  at 
the  lungs;  but  it  was  calculated  on  Regnault's  and  Reiset's  average  for 
dogs,  derived  from  their  experiments,  and  no  allowance  was  made  for 
the  diminution  which,  as  has  already  been  observed,  takes  place  in  the 
respiratory  pctivity  of  fasting  animals  dxiring  the  last  day  or  two  pre- 
vious to  death,  and  was  distinctly  stated  to  occur  by  Schmidt.  This  omis- 
sion seems  to  be  of  considerable  importance,  hoAvever,  since  it  was  sub- 
sequently established  by  Pettenkofer  and  Voit,  in  experiments  made  upo 
the  same  Dog  as  that  employed  by  Bischoff  and  Voit,  that  the  quantity  o 
Carbonic  acid  varies  not  only  within  very  considerable  limits,  but  that  i 
bears  no  definite  relation  to  that  of  the  Nitrogen  discharged.  In  their  expe 
riments,  whilst  the  quantities  of  nitrogen  eliminated  as  urea  varied  unde 
different  circumstances  as  1 : 13,  that  of  carbonic  acid  only  varied  as  1 :  2*7 
338.  The  conclusions  arrived  at  by  Bischoff  and  Voit  upon  the  effec 
of  feeding  their  Dog  on  pure  meat-diet  are  especially  interesting.  The_ 
found  that  in  order  that  the  animal  should  neither  lose  nor  gain  in  weight 
a  daily  supply  of  meat  equal  to  from  l-20th  to  l-25th  of  the  whole  weigh 
of  its  body  was  required  (a  much  smaller  proportion  than  that  foun 
requisite  by  Bidder  and  Schmidt  in  the  experiments  on  the  Cat) ;  an 
that  if  less  than  this  were  supplied,  a  loss  of  weight  took  place  in  conse 
quence  of  the  animal  consuming  some  of  its  own  flesh  and  fat ;  whilst 
more  than  this  proportion  were  supplied,  a  gain  in  weight  occurred.  Bu 
to  produce  a  daily  increase  in  weight — a  constantly  increasing  weight 
relatively  larger  proportion  of  food  was  continually  required,  until  at  las 
a  maximum  was  attained  ;  the  animal  then  loathed  its  food,  consumed  n 
more,  and  rapidly  returned  to  its  standard  weight.    At  the  same  tim 
they  found  that  the  quantity  of  meat  which  the  dog  required  to  cover  lo 
on  the  one  hand,  and  to  form  flesh  on  the  other,  varied  always  with  th 
mass  of  the  body.    In  the  well-fed  animal,  therefore,  it  required  mor 
in  the  badly-fed  less,  to  produce  the  same  effect.    They  further  con 
elude  that  when  large  quantities  of  meat  are  consumed,  the  product 
of  its  retrogressive  metamorphosis  take  up  or  combine  with  the  oxyge 
of  the  blood,  and  that  thus  the  fat  of  the  animal  is  spared ;  the  animal 
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temperature  being  sufficiently  maintained  by  the  combustion  of  the 
[  secondary  products  of  the  disintegration  of  the  albuminous  com- 
pounds. 

|     339.  These  results  have  been  verified  by  Ranke  in  experiments  upon 
himself,  with  the  exception  that  he  found  that  he  was  unable  to  subsist 
i  entirely  upon  a  meat  diet,  and  still  less,  as  Hammond  had  already  shown, 
t  upon  pure  albumen.    Large  supplies  of  meat  invariably  diminished  the 
|  fat  of  the  body.  The  method  of  diminishing  excessive  obesity  suggested 
;  by  Mr.  Banting,  and  which  consisted  in  augmenting  the  use  of  flesh  and 
reducing  the  consumption  of  farinaceous  and  oleaginous  food  to  a 
i  minimum  is  founded,  therefore,  on   strict   physiological  principles. 
|  The  economy  that  is  effected  by  a  varied  diet  and  the  immense  loss 
I  of  material  that  results  from  restricting  man  to  an  exclusively  animal 
:  diet  have  already  been  fully  dwelt  upon  (§  62).     The  albuminous 
substances  appear  to  undergo  decomposition  in  the  blood  without 
t  necessarily  forming  tissue :   since  whilst  the  ordinary  excretion  of 
urea  is  about  500  grains  per  diem,  the  amount  of  this  substance 
discharged  upon  an  excessive  meat  diet,  with  the  same  amount  of 
exercise,  may  rise  to  1327  grains.*     Eanke  states  that   the  first 
effect  of  an  excessive  meat  diet  is  not  that  of  increased  strength, 
but  rather  a  feeling  of  heaviness  and  weariness  in  the  muscles,  with 
.  lervous  excitation  often  rising  to  sleeplessness,  which  he  attributes  to 
sL;he  accumulation  in  the  blood  of  the  alkaline  salts  of  the  meat.  The 
•esult  of  the  addition  of  fat  to  the  food  of  a  carnivorous  animal  was 
i  :ound  by  Bischoff  and  Voit  materially  to  diminish  the  disintegration  of 
ilbuminous  compounds,  as  shown  by  the  diminished  elimination  of 
I  irea.    This  is  intelligible  enough  when  it  is  remembered  that  only  a 
It  certain  quantity  of  ozonized  oxygen  is  present  at  any  moment  in  the 
,  t>  )ody,  and  that  since  the  hydrocarbons  possess  a  much  higher  affinity 
|w  or  oxygen  than  the  albuminous  compounds,  they  essentially  spare  or 
[  prevent  the  disintegration  and  oxidation  of  the  latter.    They  do  not, 
fciowever,  interfere  with  the  ordinary  decomposition  and  reconstruc- 
tion of  the  muscular  tissues.    But  if,  with  the  fat,  an  increased  pro- 
ortion  of  meat  were  given,  the  proportion  of  urea  also  increased, 
bviously  because  when  much  more  albuminous  material  is  contained  in 
|  he  blood,  than  is  required  for  the  maintenance  of  the  tissues,  and 
specially  of  the  muscles,  it  undergoes  oxidation,  and  instead  of  being 
j  pplied  to  the  tissues  is  used  up  for  the  production  of  heat.    Sugar  and 
tarcn  consumed  with  a  meat-diet  seem  to  operate  in  precisely  the  same 
t  lanner  as  fat,  except  that  their  action,  in  combining  with  oxygen,  and 
|  [      sparing  both  the  adipose  and  nitrogenous  compounds,  is,  in  con- 
i  iquence  of  their  greater  affinity  for  oxygen,  still  more  marked  than  fat ; 
I  ad  if  large  quantities  of  sugar  be  given  with  sufficient  albumen,  a 
|  epc-sitio-n  of  fat  invariably  takes  place. 

340.  The  differences  which  exist  between  Carnivor a  and  Herbivora,  in 
igard  to  the  mode  in  which  the  constituents  of  the  Ingesta  are  distri- 
{ ited  through  the  excretions,  is  well  shown  in  the  following  table,  which 
I  'presents  the  estimate  deduced  by  Bidder  and  Schmidt  from  their  ob- 
t  rvations  upon  a  full-grown  Cat,  which  was  allowed  for  a  week  as  much 


*  Rankc,  "  GrunJzuge  der  Physiologic,"  1868,  p.  148. 
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meat  as  it  could  eat,  and  the  results  obtained  by  Valentin  from  the  ob- 
servations of  Boussingault  upon  a  Horse. 


ui  100  parts  ot 

Faeces. 

Urine. 

Pulmonary  and  Cuta- 
neous Exhalation. 

Cat. 

Horse. 

Cat. 

Horse. 

Cat. 

Horse. 

per  cent. 

per  cent. 

per  cent. 

per  cent. 

per  cent. 

per  cent. 

1-2 

61-8 

829 

59 

15-9 

32-3 

Carbon   

1-2 

346 

95 

27 

89-4 

62-7 

Hydrogen  .... 

1-1 

40-3 

23-2 

2-5 

756 

57-2 

0-2 

557 

99-1 

27-1 

0-7 

17-2 

Oxygen  

0-2 

41-4 

4-1 

1-0 

95-7 

57-6 

92-9  ) 
50-0  j" 

85-5 

{  50-0  } 

162 

The  first  and  most  remarkable  feature  of  difference  between  these  two  sets 
of  results,  is  the  very  large  proportion  which  the  fascal  discharges  of  the 
Horse  bear  to  the  other  excretions ;  this  obviously  proceeds  from  the  in- 
digestibility  of  a  large  part  of  the  alimentary  substances  it  consumes. 
Of  the  water  taken  into  the  alimentary  canal  or  formed  within  the  body 
nearly  two-thirds  passes-off  with  the  faeces  in  the  Horse,  whilst  nearly 
the  whole  is  absorbed  in  the  Cat :  and  of  that  which  is  absorbed  by  the 
Horse,  little  more  than  one-seventh  passes  into  the  urine,  the  remainder 
being  exhaled  from  the  lungs  and  skin ;  whilst  in  the  Cat,  the  pro- 
portion which  passes-off  by  the  skin  is  less  than  one-sixth  of  that  which 
is  absorbed,  the  remainder  being  eliminated  by  the  urine.  Of  the 
carbon  taken  into  the  system,  a  relatively-larger  proportion  passes-off 
by  the  lungs  in  the  Horse,  Avhile  a  relatively-larger  proportion  enters 
the  urine  in  the  Cat :  this  is  probably  because  the  great  bulk  of  the 
carbon  in  the  food  of  the  Horse  exists  in  those  non-azotized  compounds, 
which  can  be  readily  converted  by  oxygenation  into  carbonic  acid  and 
water,  and  which  consequently  yield  little  or  nothing  to  the  urine ; 
whilst  those  products  of  the  decomposition  of  albuminous  substances  which 
pass  into  the  urine,  though  especially  rich  in  nitrogen,  carry  with  them 
a  certain  measure  of  carbon  into  that  excretion.  It  is  probably  for  the 
same  reason  that  the  amount  of  hydrogen  is  relatively  larger  in  the 
pulmonary  exhalation  of  the  Horse,  and  in  the  urinary  excretion  of  the 
Cat.  On  the  other  hand,  we  see  that  whilst  the  nitrogeii  of  the  food  is 
almost  exclusively  eliminated  through  the  urine  in  the  Cat,  as  much  as 
40  per  cent,  of  that  which  has  been  absorbed  into  the  system  passes-o 
by  the  lungs  and  skin  in  the  Horse.  Nearly  the  whole  of  the  oxygen, 
in  each  case,  passes-off  by  the  lungs  ;  the  relatively-larger  proportion 
the  urine  of  the  Cat  being  due  to  the  greater  amount  of  those  produc 
of  decomposition  of  albuminous  substances  into  which  oxygen  enters. 
That  half  of  the  sulphur  contained  in  the  food  of  Carnivora  should  pas 
off  in  the  fseces  in  an  unoxidized  or  imperfectly- oxidized  state,  and  tha 
the  other  half  should  be  excreted,  chiefly  in  the  condition  of  sulphates 
formed  by  the  oxidation  of  the  sulphur  and  by  its  combination  wi 
alkaline  bases,  is  a  fact  of  great  interest,  in  connection  with  the  questic 
of  the  ultimate  destination  of  the  bile.  For,  with  the  exception  of  th 
small  amount  of  sulphur  contained  in  the  undigested  residue  of  the  food 
the  sulphur  of  the  fseces  must  be  entirely  derived  from  the  bile,  of  wluc 
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secretion  it  is  an  important  constituent.  But  of  the  bile  which  is  poured 
into  the  alimentary  canal,  a  certain  portion  is  probably  re-absorbed  (§  125), 
its  constituents  being  destined  to  undergo  oxidation,  and  to  be  elimi- 
nated, for  the  most  part,  by  the  respiratory  process  ;  and  it  is  probably 
from  this  re-absorbed  portion  of  the  bile,  that  the  sulphur  of  the  urine 
is  derived.    It  appeared  from  other  experiments  performed  by  Bidder 
and  Schmidt,  that,  when  the  bile  was  not  allowed  to  flow  into  the  intes- 
tinal tube,  but  was  collected  from  biliary  fistulas,  from  10  to  12  per  cent, 
tof  the  absorbed  carbon,  and  from  11  to  13  per  cent,  of  the  absorbed 
Ir  drogen,  passes  into  the  biliary  excretion:  neither  the  solids  of  the 
faces,  however,  nor  those  of  the  urine,  were  sensibly  affected  by  the 
abnormal  removal  of  these  constituents,  which  fell  entirely  upon  the 
roducts  of  respiration,  these  being  diminished  to  that  amount.  Hence 
it  seems  obvious,  that  although  only  half  of  the  sulphur  is  taken  up  again, 
early  the  whole  of  the  hydrocarbonaceous  part  of  the  bile  must  be  re- 
bsorbed,  to  be  finally  eliminated  by  the  respiratory  process ;  so  that  we 
ay  consider  the  entire  of  the  constituents  absorbed  from  the  food, 
at  remains  after  the  separation  of  the  components  of  the  urine,  as 
eing  finally  separated  from  the  body  by  the  respiratory  process.  Ac- 
cording to  Bidder  and  Schmidt,  100  parts  of  dry  flesh  are  decomposed  in 
e  living  body,  with  the  co-operation  of  167  parts  of  oxygen  obtained 
om  the  atmosphere,  into  31  parts  of  urinary  substances,  2  parts  of 
cal  matter,  182  parts  of  carbonic  acid,  and  52  parts  of  aqueous  vapour. 
Nearly  the  same  relative  proportions  are  presented  when  the  waste  of 
u.es  is  not  supplied  by  new  alimentary  matter,  as  exists  when  the  animal 
s  kept  on  a  flesh-diet ;  so  that  we  may  regard  these  as  representing  the 
estination  alike  of  the  products  of  the  ultimate  metamorphosis  of  the 
ssue3  of  the  living  body,  and  that  of  the  products  of  decomposition  of 
perfluous  or  unassimilated  aliment  of  the  Carnivorous  animal.  In 
he  Herbivorous  animal,  on  the  other  hand,  only  a  small  part  of  whose 
iment  is  albuminous  in  its  composition,  the  proportion  just  stated  will 
ply  only  to  that  part,  and  to  the  products  of  the  ultimate  metamor- 
osis  of  its  tissues  ;  since  the  whole  of  the  hydrocarbonaceous  components 
f  its  food,  whether  saccharine  or  oleaginous,  are  eliminated  by  the  pul- 
onary  and  cutaneous  exhalation.   Thus,  then,  we  see  that,  throughout 
'e,  a  continuous  interchange  of  material  takes  place  in  the  very  substance 
the  tissues,  and  the  new  material,  derived  from  without,  is  being  con- 
ntly  laid  down  to  replace  the  old  and  effete  substance,  which,  in  the  act 
f  developing  force  in  one  form  or  another,  undergoes  oxidation,  and,  as 
'e  shall  hereafter  see  (chap.  xi.  Sect.  3),  is  then  taken  up  by  the  circulating 
urrent,  to  be  removed  by  the  excretory  organs.  In  the  earliest  periods 
f  life,  how  active  soever  the  oxidizing  processes  may  be,  the  power  of 
ie  fabric  to  seize  and  apply  the  substances  employed  as  food  is  superior, 
nd  the  results  are  seen  in  the  processes  of  growth  and  development.  In 
hilt  life  the  balance  is  more  equably  preserved,  and  all  the  faculties  of 
ie  body  attain  their  highest  state  of  efficiency.  But  in  old  age,  with  the 
icreasing  debility  of  all  the  vegetable  processes,  with  diminished  ca- 
ability  of  absorption,  diminished  energy  and  rapidity  of  the  circulating 
irrent,  with  more  compact  and  drier  tissues,  there  comes  to  be  a 
radual  deficiency  in  the  processes  of  nutrition,  until  at  length  the  body 
sases  to  be  able  to  nourish  itself,  the  waste  is  greater  than  the  supply, 
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and  the  death  of  extreme  old  age  may  be  justly  compared  in  the  wasting  I 
oftentimes  preceded  by  the  degeneration  of  the  tissues  and  the  gradual  I 
failure  of  the  temperature,  to  death  by  inanition. 

341.  Of  all  the  constituents  of  the  body,  none  are  of  more  complex  j 
chemical  composition,  and  undergo  more  numerous  and  varied  changes  I 
than  Albumen.*    The  relations  which  this  substance  bears  to  thejj 
living  body  are  of  the  most  important  and  fundamental  character  •  II 
since,  as  elsewhere  shown,  it  enters  largely  into  the  composition  of  thel: 
muscles,  nerves,  and  glandular  structures,  whilst  it  also  affords  thel} 
material  for  the  production  of  the  fibrin,  the  globulin,  and  the  hsematinli 
of  the  Blood.    It  appears,  however,  to  be  itself  entirely  destitute  oft; 
formative  capacity ;  for  in  no  exudation  which  is  purely  serous  do  welf 
ever  trace  the  slightest  indication  of  organization ;  and  its  conversion!!? 
into  the  various  kinds  of  tissue,  therefore,  must  be  entirely  due  to  theirjl  i 
own  power  of  appropriating  and  transforming  it.    The  great  function  off  jf 
the  Albumen  of  the  blood,  then,  is  to  supply  the  material  for  theselil 
various  transformations ;  and  we  accordingly  find  that  whatever  otherL 
changes  the  fluid  may  undergo,  whether  it  loses  its  fibrin  or  its  reap 
corpuscles,  or  both,  albumen  is  still  present  in  abundance.    Its  ultimatan 
source  is  to  be  found  in  the  food  5  but  the  serous  liquid  which  per-lj 
colates  the  tissues  of  the  body  may  be  regarded  as  a  reserve-store,  to  ban 
drawn-upon  in  case  of  need,  furnishing  albumen  to  the  blood  when  if  &. 
might  otherwise  be  deficient;  and  thus  perhaps  it  is,  that  abstinence  oil; 
repeated  losses  of  blood  do  not  produce  the  degree  of  depression  in  thai 
proportion  of  albumen,  which  might  be  expected  from  the  very  markeojti 
reduction  they  effect  in  that  of  the  corpuscles.    When  an  excess  ojg 
Albuminous  matter  is  ingested  as  food,  the  injurious  effects  which  might:  ■ 
follow  the  too  great  augmentation  of  this  constituent  of  the  Bloodf 
appear  to  be  averted  by  the  readiness  with  which  it  undergoes  refrolti 
grade  as  well  as  progressive  metamorphosis ;  for,  if  not  speedily  subj 
jected  to  the  latter  change,  it  appears  to  be  affected  by  decomposing  .( 
agencies,  and  to  be  eliminated  from  the  system  by  the  excretorj 
apparatus,  tander  the  form  of  urinary  and  biliary  matter.  Fronj 
various  considerations  it  would  appear  the  albuminous  compounds  ii 
their  retrograde  metamorphoses  are  capable  of  breaking-up  into  twi.j 
groups  of  substances,  of  which  one  contains  the  whole  of  the  nitrogen 
whilst  the  other  is  composed  of  carbon,  hydrogen,  and  oxygen  alona|, 
The  former  are  ultimately  eliminated  from  the  body  as  urea  or  somlj 
analogous  compound  ;  the  latter  are  discharged  in  the  form  of  carbonil 
acid  and  water.    Of  the  former  series,  we  know  that  whilst  Leucilh 
(C12H13N04),  Tyrosine  (C18HuN06),  and  Glycine  (C4H6N04),  can  bfl 
artificially  formed  by  the  action  of  alkalies  or  acids  upon  albumen,  d  : 
even  appear  during  its  spontaneous  decomposition;  these  same  sull^ 
stances  can  also  be  obtained  from  various  tissues  of  the  body,  and  aifci 
always  most  abundant  in  those  organs  in  which  interstitial  changes  aa 
most  active,  as  in  the  spleen  and  liver.f    From  muscular  tissue,  agai* 

*  The  formula  given  for  it  by  v.  Gorup-Besanez  being  C216H161)N2,Ss068,  and  j 
Theile  C^H^N^O,,. 

+  Glycine  has  not,  indeed,  been  obtained  in  the  separate  state,  hut  it  enters  m 
the  composition  of  the  glycocholic  acid  of  the  hile.    The  further  decomposition  J 
leucin  in  the  laboratory  by  fermentation  and  oxidizing  agents,  yields  the  volatile  mil 
acids  well  known  to  occur  in  glandular  organs  and  in  the  blood. 
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[nosinic  Acid  (C10H6N8O10),  Creatine   (C8H9N304),  and  the  urinary 
•onstituent  Creatinine  (C8H7N802),  can  be  directly  obtained.  The 
elation  of  Inosinic  Acid  to  Uric  Acid  and  Urea  is  very  intimate  ; 
hilst  as  regards  Creatine,  the  researches  of  Sarokow*  indicate  that 
uring  active  muscular  exertion  it  is  converted  into  Creatinine,  or  at 
il  events  that,  in  muscles  exhausted  by  action,  a  greatly-increased 
roportion  of  Creatinine  is  generated ;  and  it  is  well  known  that  both 
f  them  are  convertible  by  chemical  agents  into  Urea.f 
842.  Besides  the  nitrogenous  compounds  into  which  the  albuminous 
ibstances  split,  a  series  of  non-nitrogenous  materials  probably  also  re- 
lit from  their  disintegration,  and  these  may  either  be  of  an  oleaginous 
r  of  a  saccharine  nature.    The  formation  of  the  volatile  acids  of  fats, 
id  of  benzoic  and  oxalic  acids,  can  theoretically  be  easily  deduced  from 
ie  composition  of  albumen  $  and  we  appear  to  have  some  evidence- 
t  the  generation  of  fat  from  albumen  in  the  observations  of  Burdach§ 
pon  the  eggs  of  the  Limnaeus,  for  he  found  the  former  to  increase 
jparently  at  the  expense  of  the  latter  in  the  progress  of  incubation, 
hus  in  1000  parts  of  the  dried  ova  of  that  animal  there  were — 

In  the  early  stage.  In  the  late  stage. 

Fat   685         ....  21-81 

Salts   40-50         ....  60-00 

Albumen     ....       952-65         ....  918*19 

must  also  be  remembered  that  the  formation  of  an  amyloid  substance, 
Glycogen,  is  the  natural  function  of  the  liver;  and  there  is  every 
Lason  for  believing  that  this  formation  proceeds  in  great  measure  from 
I  e  decomposition  of  albuminous  substances,  especially  since  it  is 
I  companied  by  the  simultaneous  appearance  of  highly  nitrogenoiis  sub- 
l.mces,  such  as  Glycocholic  and  Taurocholic  acids,  which  have  been 
own  by  Liebig  to  be  readily  derivable  from  albumen,  on  the  assump- 
t  n  of  the  breaking-up  of  albumen  into  gelatin  (glutin)  and  one  equi- 
lent  of  Taurocholic  acid,  the  latter  containing  an  important  element 
albumen,  namely,  Sulphur.    In  conclusion,  then,  we  may  say  that 
E  th  regard  to  the  albuminous,  and  as  the  experiments  of  BischofF  and 
|  «t  appear  to  prove,  the  gelatinous  constituents  of  our  food  also,  it 
probable  that  part  go  directly  to  the  formation  of  tissue,  and  part, 
|  med  the  '  Luxus  consumption'  by  the  Germans,  are  decomposed  in  the 
I  >od  without  forming  tissue.    In  both  instances  a  kind  of  decomposi- 
1  n  or  disintegration  takes  place  under  the  influence  of  oxygen,  by 
I  'ch,  on  the  one  hand,  such  compounds  as  Glycin,  Leucin,  Creatine, 
:aJinme,  Guanin,  Sarkin,  Xanthin,  Uric  Acid,  Urea,  &c,  are  formed, 
I  ich  are,  for  the  most  part,  discharged  by  the  Urine  and  Fasces  ;  and 
[  'le  otner,  certain  fatty  or  saccharine  substances  are  generated,  by 
I  ■  further  combustion  of  which  the  animal  heat  is  maintained,  their 
f  lm»te  products,  consisting  of  Carbonic  Acid  and  Water,  being  elimi- 
[  jT0chlefly      the  skin  and  lungs. 

|  W.  As  regards  the  Fatty  constituents  of  the  body,  a  large  propor- 
J  1  is  undoubtedly  derived  from  the  food.    Previously  to  absorption 

p,rw°p'8  i  A,rchiv>"  1863,  p.  544.       f  Fownes'  "  Chemistry,"  1861,  p.  670. 
I  -r    x'  "  Do  Commut.  subst.  prot.  in  Adipem,"  Dissert.,  1853. 

*amihar  Letters  on  Chemistry." 
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the  members  of  the  oleaginous  group  are  minutely  divided,  reduced  to 
the  fluid  state,  emulsified,  and,  in  part  at  least,  decomposed  by  the 
pancreatic  juice  into  the  fatty  acids  and  glycerine  ;  whilst  that  portion 
which  has  been  absorbed  without  decomposition  appears,  according  to 
the  researches  of  v.  Gorup-Besanez,  to  be  converted,  under  the  influence 
of  the  active  oxygen  of  the  blood  (ozone  ?)  and  the  carbonated  alkalies 
in  the  first  instance,  into  the  fatty  acids  and  glycerine — the  glycerine 
undergoing  further  metamorphosis  into  formic,  propionic,  and  other 
acids.    The  quantity  of  fat  contained  in  different  parts  of  the  body 
varies  considerably,  but  it  is  almost  universally  present.    The  bloodi 
usually  contains  about  0*4  per  cent.,  the  muscles  3-3,  milk  4*3,  brain  8, 
the  nerves  22,  and  adipose  tissue  83  per  cent. — The  Fatty  matters  on 
the  Blood  are   obviously   destined  to  furnish  the  contents  of  thej 
•Adipose  and  Nervous  vesicles ;  whilst  their  presence  seems  also  to) 
be  required  in  the  early  stages  of  the  production  of  Cells  generally.  The) 
principal  source  of  their  expenditure,  however,  is  that  process  of  com-jj 
bustion  by  which  the  heat  of  the  body  is  maintained ;  and  the  amounljj 
deposited  in  the  tissues  as  fat,  may  be  looked-upon  as  the  surplus  of  th» 
quantity  ingested,  that  is  not  thus  consumed.    The  quantity  of  fattji 
matter  in  the  blood  is  liable  to  sudden  augmentation,  from  the  intro-jj 
duction  of  a  large  quantity  furnished  at  once  by  the  alimentarjfe 
material ;  and  this  excess  will  continue  until  the  surplus  has  beeif  r 
eliminated,  either  by  the  combustive,  the  nutritive,  or  the  excretorw 
operations.    These  last  do  not  ordinarily  remove  the  saponifiable  fate 
from  the  body ;  for  although  the  mammary  secretion  in  the  feraalA-j 
draws  off  from  her  blood  a  large  quantity  of  fatty  matter,  this  is  desM 
tined  not  for  its  purification,  but  for  the  nutrition  of  her  offspring  ;  anft 
cholesterin  appears  to  be  the  only  fatty  substance  which  is  normallfe 
excreted  for  the  purpose  of  being  removed  from  the   body. — Thl- 
question  of  the  capability  of  animals  to  produce  fat  has  been  mucin 
disputed.    There  seems,  however,  to  be  no  reason  for  doubting  that  n 
may  be  generated  not  only  from  the  hydrocarbonaceous  constituents  J| 
the  food  (sugar  and  starch),  but  also  from  the  splitting-up  of  the  albirc 
minous  compounds.    The  observation  of  Huber,  that  if  Bees  be  fmi 
upon  pure  sugar  they  will  still  continue  to  furnish  wax  for  the  comll 
repeated  and  confirmed  as  it  has  been  by  Milne-Edwards*  and  Boussim 
gault,  and  the  rapid  fattening  of  negroes  which  occurs  at  the  periw 
of  cutting  the  sugar-canes,  together  with  the  experiments  of  Boussim< 
gault  and  those  of  Messrs.  Lawes  and  Gilbert,f  who  found  that  j 
fattening  pigs,  for  every  100  parts  of  fat  in  the  food  the  animals  storffi 
up  from  400  to  450  parts  of  fat  in  their  bodies,  seem  to  furnish  cojjfi 
elusive  evidence  on  this  point.  Again,  the  observation  of  BoussingauJ.M 
that  for  animals  to  fatten  on  starchy  substances  a  certain  proportion!} 
albumen  must  be  present,  the  production  of  fatty  acids  during  the  djj 
integration  of  albumen,  leucin,  and  other  analogous  substances,  and  t«J 
phenomena  of  fatty  degeneration,  all  seem  to  point  to  the  derivation!^ 
fat  from  this  source  also.    Indeed,  Messrs.  Lawes  and  Gilbert  expresj 
state,  that  whilst  2£  parts  of  starch  must  be  consumed  in  the  foodj 
produce  one  part  of  fat,  the  proportion  of  sugar  required  is  sonievr 

*  Milne-Edwards,  "  Lecons  sur  la  Phvsiologie,"  t.  ii.  p.  553. 
t  "Phil.  Trans.,"  1859,  p.  543. 
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larger,  and  that  of  any  albuminous  compound  somewhat  smaller,  to 
produce  the  same  effect.  The  ultimate  disposal  of  the  saccharine  con- 
stituents of  the  body,  which  appear  to  be  partly  derived  from  without, 
and  to  be  partly  the  result  of  the  decomposition  of  the  albuminous  con- 
|  stituents  of  the  blood,  as  will  be  hereafter  more  fully  considered  (G-ly- 
cogeny),  is  still  unknown ;  though  there  seems  to  be  some  probability 
in  favour  of  their  being  first  converted  into  Lactic,  and  finally  into 
Carbonic  acid  and  Water. 

344.  The  uses  of  the  various  Inorganic  compounds,  which,  as  being 
uniformly  present  in  the  Blood,  must  be  considered  among  its  integral 
.•onstituents,  are  not  as  yet  by  any  means  positively  known ;  yet  great 
idvanceshave  been  recently  made  towards  this  knowledge;  and  it  may 
pretty  certainly  affirmed,  that  the  presence  of  some  of  them  has  re- 
ference to  the  peculiar  functions  and  conditions  of  the  blood  itself, 
vhilst  others  are  chiefly  destined  for  appropriation  by  the  tissues  to 
vhose  growth  it  ministers.    The  former  seems  to  be  especially  the  case 
vith  the  Alkaline  salts ;  of  which  the  phosphate  and  carbonate  of  soda 
rould  seem  to  have  it  for  their  chief  purpose  to  maintain  the  alkalinity 
f  the  blood,  on  which  depend  not  merely  the  liquidity  of  its  albumen, 
•ut  the  facility  of  its  passage  through  the  capillaries,  and  the  readiness 
rith  which  its  combustive  materials  are  oxidized;  whilst  they  also 
lcrease  the  absorptive  power  of  the  serum  for  gases.    So  the  presence 
f  chloride  of  sodium  is  needed  for  the  conservation  of  the  organic  com- 
I  onents  of  the  blood  in  their  normal  condition,  and  it  also  seems  to  be 
sential  to  the  performance  of  many  of  the  metamorphic  and  histo- 
netic  operations  to  which  these  substances  are  subjected  in  the 
onomy;  this  salt,  moreover,  is  itself  required  as  a  component,  not 
lly  of  the  solid  tissues  generally,  but  also  of  all  the  secreted  fluids, 
he  salts  of  potash  appear  to  be  specially  required  for  the  nutrition  of 
'3  muscular  tissue;  but  they  probably  exert  the  same  general  in- 
lence  with  those  of  soda.    The  presence  of  the  Earthy  salts,  on  the 
her  hand,  would  seem  to  have  reference  almost  exclusively  to  the 
•mposition  of  the  tissues,  into  which  some  of  them  enter  very  largely. 
ie  phosphate  of  lime  in  particular  must  be  regarded  almost  in  the 
;ht  of  a  histogenetic  substance,  so  constantly  does  it  seem  to  be 
esent  in  newly-forming  tissues ;  whilst  it  is  also  in  great  demand  as 
3  principal  consolidating  material  of  bone  and  tooth.    Whether  the 
rbonate  of  lime,  the  phosphate  of  magnesia,  the  fluoride  of  calcium,  and 
3  silica  of  the  blood,  are  of  any  other  use  in  it  than  to  supply  con- 
idating  materials  for  the  tissues,  there  is  at  present  no  evidence  what- 
±r.    Iron,  like  the  alkaline  salts,  is  an  essential  constituent  of  the 
|:>od  itself,  forming  a  very  large  percentage  of  the  hasmatin  of  its  red 
:  "Puscles ;  and  it  is  supplied  by  the  blood  to  various  tissues,  especially 
V  j  muscles  and  the  hair,  of  which  also  it  may  be  considered  an  essen- 
1 1  component. — The  normal  proportions  of  all  these  substances  appear 
|  be  chiefly  maintained  by  means  of  the  excretory  apparatus,  which 
ira-off  (so  to  speak)  any  surplus  ;   it  being  through  the  Urinary 
?ns  that  they  are  chiefly  eliminated.    And  it  is  by  them,  too,  that 
normal  proportion  of  Water  in  the  blood  is  chiefly  maintained : 
Malpighian  apparatus  of  the  kidneys  apparently  acting  as  a  kind  of 
ty-valve,  through  which  any  surplus  that  remains  after  the  cuta- 
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neous,  pulmonary,  and  intestinal  exhalants  have  performed  their  appro- 
priate duties,  is  allowed  to  make  its  escape. 

345.  We  may  now  proceed  briefly  to  consider  what  is  the  amount  I 
and  nature  of  the  work  done  in  and  by  the  body,  and  endeavour  to 
ascertain  the  mode  in  which  the  food  consumed  is  applied  to  the  produc- 
tion of  that  work.  It  has  already  been  stated  that  the  two  principal  cir- 
cumstances occasioning  a  demand  for  alimentary  material  are  the  supply  I 
of  the  loss  caused  by  the  activity  of  the  nervo-muscular  apparatus,  and  I 
the  production  of  the  heat  requisite  to  maintain  the  body  at  a  uniform 
standard.  The  actual  disintegration  of  the  material  substratum  of  the  ner- 
vous and  muscular  tissues  during  exertion  appears  to  be  exceedingly  small, 
since  fasting  animals,  or  animals  fed  on  non-nitrogenous  diet,  can  for  a 
considerable  period  perform  severe  work  without  the  occurrence  of  any 
considerable  increase  in  the  amount  of  nitrogenous  excreta  eliminated  by 
the  same  animals  when  at  rest  with  the  same  diet.  Yet  that  the  tissues 
really  undergo  disintegration  during  exertion,  and  that  they  require 
appropriate  nitrogenous  food  for  the  repair  of  the  loss  occasioned  by 
their  wear  and  tear,  is  clearly  shown  by  their  incapacity  for  performing 
work  except  for  a  limited  period  without  such  supplies.  It  is  reasonable 
then  to  suppose  that  whilst  a  certain  small  portion  of  the  large  store  o: 
albuminous  and  other  nutritive  material  present  in  the  body  is  applie 
to  the  nutrition  and  repair  of  the  work-performing  tissues,  a  very  muc 
larger  proportion  is  applied  to  the  development  of  the  forces  of  vario 
kinds  which  are  exerted  by  them.  The  three  principal  classes  of  food 
the  albuminous,  farinaceous,  and  oleaginous,  are  all  of  them  compose 
of  easily  oxidizable  material,  and  it  is  conceivable  that  in  the  act  of  com 
bining  with  oxygen,  or  rather  with  ozone,  the  force  may  either  becom 
directly  apparent  as  heat,  or  may,  through  the  agency  of  muscle  o 
nerve-tissue,  produce  movement  or  thought.  We  have  only  indirec 
means  of  estimating  this  last ;  but  the  quantity  of  food  required  for  th 
mechanical  and  calorific  force  developed  by  the  body  has  been  renderej 
capable  of  being  estimated  by  the  experiments  of  Frankland,  Haughton 
and  others. 

346.  According  to  the  observations  of  Prof.  Frankland,  one  gramnJ 
(15*44  grains)  of  purified  albumen,  when  burnt  in  oxygen,  yields  4-991 
units  of  heat.    Now  each  unit  of  heat  can  be  converted  into  mechanic! 
force,  expressed  in  kilogr ammeters,  by  multiplying  it  »by  the  numbs 
423 ;  hence  one   gramme  of  albumen  in  burning  in  oxygen  yiel 
4*998  x  423,  or  2117  kilogrammeters — that  is,  a  force  sufficient  to  rai 
2117  kilogrammes  to  the  height  of  one  meter.    But  it  is  to  be  reme 
bered  that  albumen,  in  passing  through  the  body,  is  not  so  complet 
oxidized  as  when  burnt  in  oxygen.    It  is  only  reduced  to  the  conditi 
of  urea ;  and  Professor  Frankland  has  shown  that  urea  can  itself 
burnt  in  oxygen,  yielding  2-206  units  of  heat,  which  is  equal  to  934  fc 
grammeters  of  force;  and  as  it  is  found  that  one  gramme  of  pure  alb 
men,  in  passing  through  the  body,  furnishes  almost  exactly  one-third 
its  weight  of  urea,  the  effective  force  developed  in  the  body  by  its  c 
sumption  is  obviously  less  than  when  it  is  burnt  in  oxygen  to  the  ex 
of  the  amount  of  force  still  produced  when  one  third  of  a  gramme 
urea  is  burnt  in  oxygen.    Hence  the  effective  force  of  one  gramme 
albumen  is  equivalent  to  1803  kilogrammeters.    The  following  ta 
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ontains  some  of  the  more  important  determinations  made  by  Professor 
'nmkland  : — 


Name  of  the  Food. 

Effective  energy  when  one  gramme  of  the 
different  substances  named  is  burnt  in 
Oxygen. 

Effective  energy 
when  consumed 
in  the  body  in 
kilogramme  ter  s. 

Units  of  Heat. 

Kilogrammeters 
of  Force. 
• 

Per- 
centage 

of 
water. 

Dry. 

Natural 

Dry. 

Natural 
state. 

Dry. 

Natural 
state. 

8  tat/6. 

4-896 

671 

2074 

284 

86-3 

1781 

244 

5-313 

1567 

2250 

664 

70-5 

2047 

604 

6-064 

1789 

2568 

758 

70-5 

2315 

683 

Fat  of  Beef  

9-069 

3841 

3841 

3941 

1669 

1627 

3348 

1418 

1418 

4-520 

1014 

1550 

Bass's  Ale,  including  the  al- 

3776 

775 

1559 

328 

88-4 

347.  The  amount  of  work  done  by  the  body  may  be  divided  into — 
.  Calorific  work ;  2.  Internal  mechanical  work,  such  as  is  required  for 
e  maintenance  of  the  circulation,  respiration,  digestion,  &c.  ;  3.  Ex- 
rnal  mechanical  work,  expended  in  the  movements  of  locomotion,  lift— 
g  and  carrying  weights,  &c. ;  4.  Mental  work ;  and  lastly,  in  youth,  the 
:rk  of  growth.    The  absolute  amount  of  heat  units  daily  produced  by 
adult  of  average  weight  has  been  estimated  by  Helmholtz  at  2700, 
id  by  Eanke  at  2200,*  and  this  last,  converted  into  mechanical 
rce,  amounts  to  930,600  kilogrammeters,  which  would  be  sufficient  to 
:se  the  body  of  a  man  weighing  68  kilogrammes  (149 '6  lbs.  av.)  through 
vertical  height  of  8*5  miles.     Next  as  regards  internal  dynamical 
>rk.    Professor  Haughtonf  states  that  the  work  done  in  maintaining 
f  e  circulation  and  respiration  may  be  estimated  at  133  foot-tons,  or 
180  kilogrammeters  (heart  =121  foot-tons,  muscles  of  respiration, 
foot-tons).  The  same  authority  gives  as  the  result  of  numerous  obser- 
l  tions  on  the  external  or  daily  work  of  various  classes  of  labourers 
h  mean  of  353'75  foot-tons  (109,549  kilogrammeters),  which  cor- 
I 'ponds  well  with  the  results  obtained  by  Coulomb  (330  foot-tons), 
I  mande  (352  foot-tons),  and  Playfair  (346  foot-tons).    The  work  ex- 
I  nded  in  growth  may  be  neglected  for  the  adult ;  and  that  exerted  in 
I  ntal  operations,  as  already  stated,  can  only  be  indirectly  estimated. 
I  3m  the  foregoing  calculation  it  would  seem  that  the  entire  amount  of 
1  ce  expended  in  maintaining  the  heat  of  the  body  of  an  adult  weighing 
I  v  lbs.  and  in  the  performance  of  his  internal  and  external  mechanical 
Fk  is  1,044,267  kilogrammeters,  of  which  nine-tenths  is  expended 
maintaining  the  heat,  and  the  remainder  in  external  and  internal 
I  lamical  work.  J 

A?irUndzUge  (ler  Physiologic,"  p.  476,  18G8. 

Address  delivered  at  the  British  Medical  Association  at  Oxford,  Aug.  1868. 
i  rot.  Haughton,  calculating  the  amount  of  heat  produced  from  the  amount  of 
>onic  eliminated,  as  shown  in  Ranke's  experiments,  estimates  the  calorific  work  at 
•sixths,  and  the  internal  and  external  mechanical  work  at  one-sixth  of  the  whole 
>unt  of  force  generated. 
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348.  It  may  be  shown,  either  from  an  examination  of  Frankland's 
tables,  or  by  calculating  the  amount  of  tissue  decomposed  to  furnish  the 
usual  amount  of  urea,  carbonic  acid,  and  water  eliminated  from  the 
body,  that  almost  exactly  the  same  amount  of  a  million  kilogrammeters  of 
force  are  contained  in  the  food.    Thus,  on  Vierordt's  estimate — 


120  grammes  of  albumen,  dry   .    .  . 

90       „       of  fat  

330       ,,       of  farinaceous  compounds 


=  213,720  kilogrammeters. 
=  345,690 
=  536,910 


1,096,320 

The  close  approximation  of  the  experimental  with  the  calculated  value 
is  of  great  interest.    It  may  be  objected  that  a  very  small  margin  is  le 
for  purely  mental  operations  ;  but  it  must  be  remembered  that  Professo 
Haughton's  estimate  of  353*75  foot-tons,  or  109,549  kilogrammeters,[fo 
external  or  mechanical  Avork  is  very  high,  being  equivalent  to  the  wor 
required  to  raise  the  body  through  one  mile  of  vertical  height,  or 
walking  20'74  miles  per  diem,  which  is  perhaps  three  times  more  tha 
is  usually  accomplished  ;  and  that  under  such  circumstances,  either  littl 
mental  work  would  be  done,  or  more  food  would  be  required.  Supposin 
only  seven  miles  were  walked,  118  foot-tons  of  force  would  be  required 
leaving  236  foot-tons  available  for  mental  work;  but  it  must  beremem 
bered  that  both  mental  work  and  much  of  the  internal  mechanical  wor1 
are  again  expended  in  the  body.  A  part  of  the  mechanical  force  exerte 
by  the  heart  is  given  up  as  heat  from  obstructed  motion  in  the  capillarie 
and  will  be  included  in  the  heat  given  off  from  the  body  ;  and  althoug 
nothing  positive  can  be  stated  as  to  the  form  taken  bymentalwork  and  ner 
vous  action  generally,  it  is  highly  probable  that  for  the  most  part  this  ishea 
There  is  every  reason  to  believe  that,  although  the  tissue  of  the  nerves  an 
muscles  cannot  be  built  up  from  alimentary  materials  destitute  of  nitrog 
the  force  which  can  be  exerted  by  those  tissues  proceeds  both  from  the  < 
integration  and  oxidation  of  nitrogenous  as  well  as  non-nitrogenous  su1 
stances.    At  any  rate,  it  has  been  clearly  shown  by  Professor  Haught 
that  the  amount  of  urea  (501  grains)  eliminated  after  severe  exerc" 
does  not  represent  the  oxidation  of  a  sufficient  amount  of  nitrogeno 
material  to  account  for  the  work  done.    Moreover,  whilst  in  carnivoro 
animals  the  force  must  proceed  from  the  oxidation  of  nitrogenous  co 
stituents,  since  they  can  be  nourished  upon  lean  flesh,  in  herbivoro 
animals — and,  as  Verloren  has  pointed  out,  in  mature  insects,  as  bees 
butterflies — it  seems  equally  evident  that  the  nervo-muscular  force 
generated  from  the  oxidation  of  farinaceous  compounds ;  and  an  examin 
tion  of  the  excreta  gives  additional  testimony  to  the  same  effect.  Th 
Professor  Haughton  found  the  daily  elimination  of  urea  in  a  Beng 
tiger  to  be  4375  grains,  whilst  in  a  sheep  it  was  only  256  grams, 
has  also  been  shown  by  the  same  observer  that  in  diabetes,^  whe 
sugar  is  eliminated  by  the  urine,  instead  of  undergoing  combustion  a 
being  discharged  from  the  body  in  the  form  of  carbonic  acid  and  wat 
an  increased  quantity  of  food  is  required,  which  is  accompanied  by  ' 
increased  discharge  of  urea,  showing  that  the  nitrogenous  materials  ' 
consumed  to  maintain  the  temperature  and  to  furnish  the  force  requii  j 
for  work,  which  is  always  small.    Heaton  suggests  that  the  whole,^ 
nearly  the  whole,  of  the  force  of  the  body  is  generated  in  the  blood,  1 
that  Mayer  was  perfectly  right  in  saying  that  the  muscle  produces 
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chanical  effect  at  the  expense  of  the  chemical  action  occuring  in  its 
capillary  vessels.  It  is  probable,  however,  that  oxidizing  processes  also 
take  place  in  the  intertextural  fluids. 

349.  Of  the  mode  in  which  the  substitution  of  new  tissue  for  that 
which  has  become  effete,  is  effected  in  the  process  of  Nutrition,  our 
knowledge  is  at  present  limited ;  but  there  can  be  little  doubt  that  it 
nearly  always  takes  place  in  a  manner  closely  conformable  to  the  first 
development  of  each  tissue.  In  some  instances  there  is  an  obvious  re- 
placement of  the  old  and  dead  by  the  young  and  active  elements  :  this  is 
the  case,  for  example,  in  the  constantly-repeated  production  of  the  Epi- 
dermic and  Epithelial  layers;  for  whether  they  are  developed  from 
germs  imbedded  in  the  subjacent  basement-membrane,  or  from  nuclei 
formed  de  novo  in  the  blastema  on  its  free  surface,  or  by  the  duplicative 
subdivision  of  pre-existing  cells,  there  is  a  continual  succession  of  new 
cells,  which  take  the  place  of  those  that  are  cast-off  as  defunct  and  use- 
less. So  in  the  growth  of  Hair,  the  increase  of  which  takes-place  only 
at  its  base,  we  can  trace  at  any  period  the  same  development  of  newly- 
formed  spheroidal  cells  into  horny  fusiform  fibres,  as  that  which  occurred 
when  first  the  hair  began  to  sprout  from  the  aggregation  of  epidermic 
cells  at  the  bottom  of  its  follicle.  So,  again,  in  the  vesicular  tissue  which 
constitutes  the  essential  part  of  the  Nervous  centres,  there  are  appearances 
which  indicate  that  its  peculiar  cells  are  in  a  state  of  continual  develop- 
ment, newly-formed  ganglionic  vesicles  taking  the  place  of  those  which 
have  undergone  disintegration.  But  there  are  other  textures,  whose 
nutrition  is  more  completely  interstitial ;  their  elements  being  more 
closely  coherent,  and  their  newly- formed  portions  being  developed 
throughout  the  substance  of  the  old,  instead  of  (as  in  the  case  of  the  epi- 
dermis and  its  appendages)  superficially  or  in  mere  continuity  with  it. 
Such  is  the  case,  for  example,  with  Muscle,  the  mode  of  whose  nutrition 
has  not  yet  been  elucidated.  We  can  only  infer  from  analogy,  that  here 
too  each  fibre  or  fibril  will  pass,  in  the  course  of  its  development, 
through  the  same  stages  which  those  of  the  embryo  did  when  its  muscles 
were  first  formed.  And  this  analogy  seems  to  derive  support,  from  the 
presence,  in  all  well-nourished  muscles,  of  bodies  which  bear  the  appear- 
ance of  nuclei;  for  these,  as  Mr.  Paget  remarks,  "are  not  the  loitering 
impotent  remains  of  embryonic  tissue,  but  germs  or  organs  of  power  for 
new  formation."  And  it  is  further  confirmatory  of  this  view,  that  losses 
ot  substance  of  muscle  which  involve  the  destruction  of  these  centres  of 
nutrition,  are  not  replaced,  like  losses  of  cuticle,  by  new-  tissue  of  the 
same  kind  ;  the  power  to  form  it  not  being  inherent  in  the  blood  or  in 
jhe  neighbouring  parts.  Nevertheless  it  must  be  admitted  that  no  in- 
termediate stages  of  development  can  be  traced  in  the  fibres,  even  of 
'hose  muscles  of  the  adult  which  are  in  most  constant  use,  and  of  which 
;he  nutrition  is  the  most  active,  that  are  at  all  comparable  to  those  which 
ire  met-with  in  the  muscular  tissues  of  the  embryo. — With  regard,  again, 
'°  the  interstitial  nutrition  of  Bones  and  Teeth,  we  have  no  certain  know- 
edge.  That  some  movement  of  nutritive  fluid  is  continually  taking  place 
'hrough  them,  is  made  apparent  by  the  effects  of  madder  in  gradually 
:  ;mging  even  the  bones  and  teeth  of  the  adult,  though  for  such  a  change 
; 1  much  longer  period  is  required  in  the  adult  than  in  the  young  animal ; 
|  iow  far  this  movement,  however,  is  subservient  to  any  continual  change 
I    8ubstance,  still  remains  doubtful.  If  the  supply  of  blood  be  withdrawn 
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from  a  tooth  or  from  a  bone,  or  even  from  a  part  of  the  latter,  the  struc- 
tures thus  cut  off  from  connection  with  the  act  of  nutrition  soon  die, 
become  detached  from  the  living  parts  around,  and  are  thrown  out  of 
the  body.    Of  this  we  have  a  very  good  example  in  the  annual  exuvia- 
tion of  the  antlers  of  the  Deer,  which  is  brought  about  by  the  choking 
up  of  the  Haversian  canals  that  give  passage  to  blood-vessels,  with  con- 
centric osseous  deposit.    Something  of  this  kind  seems  to  be  continually 
taking  place  in  ordinary  Bone,  upon  a  more  limited  scale ;  individual  I 
Haversian  systems  being  removed  by  absorption,  and  being  replaced  by  I 
new  formations  of  the  same  kind,  probably  during  its  whole  life,  without 
any  change  in  external  configuration. — Of  the  modes  in  which  the  effete  | 
particles  of  tissues  whose  term  of  life  has  expired,  or  whose  vital  energy  I 
has  been  exhausted,  are  removed,  our  present  knowledge  is  no  less  im-  j 
perfect.    In  the  case  of  those  tissues  which  are  superficially  nourished,  a  I 
continual  loss  of  substance  is  obviously  taking  place,  by  the  exuviation  of  I 
dead  particles  en  masse ;  this  is  the  case  with  the  whole  series  of  Epithelial  [a 
and  Epidermic  cells,  which  are  thrown-off  with  little  previous  change,  k 
like  the  leaves  of  trees,  their  decay  not  taking  place,  for  the  most  part,  U 
until  after  they  have  become  detached  from  the  organism.  But  the  fact  I 
is  altogether  different  with  regard  to  those  whose  nutrition  is  interstitial,  I 
especially  the  Nervous  and  Muscular  tissues;  for  the  decomposition  of  I 
these  would  seem  to  occur  in  their  very  substance,  its  products  being! 
taken  up  by  the  blood,  and  subsequently  eliminated  from  it  by  organs  I 
appropriated  to  that  purpose,  as  is  indicated  by  chemical  evidence. 

350.  A  remarkable  indication  has  been  recently  afforded,  by  the  mi- II 
croscopic  examination  of  Bone,  that  the  older  portions  of  its  substance  are  I 
removed  from  time  to  time,  and  that  space  is  thus  provided  for  the  depositB 
of  newly-formed  tissue  in  its  stead.  For  transverse  sections  of  long  bonesjH 
usually  exhibit,  in  some  part  of  their  area,  irregularly-shaped  spaces!^ 


Fio. 121. 


Fig.  122. 


Transverse  seotion  of  compact  Bone,  showing 
an  Haversian  space,  a,  with  its  characteristic 
emarginated  outline. 


The  same  from  a  less  compact  part 
of  the  bone. 


having  an  emarginated,  festooned,  and  often  jagged  outline  (Figs.  121, 122) 
similar  to  that  found  on  the  surface  of  bone  which  has  been  removed  b 
exfoliation,  or  to  that  of  the  fang  of  a  tooth  which  has  been  partly  ab 
sorbed.    There  is  every  indication,  from  a  comparison  of  the  variou 
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conditions  presented  by  these  *  Haversian  spaces,'  both  as  to  form,  size, 
and  situation,  that  they  are  left  by  the  partial  or  complete  removal  of 
'  Haversian  systems,'  which  previously  occupied  the  same  situations. 
They  are  exceedingly  numerous  and  large  in  newly-formed  bone 
situated  near  ossifying  cartilage,  so  as  frequently  to  afford  room  for  the 
development  of  two  or  more  1  Haversian  systems'  in  their  interior ; 
while  in  older  bone  they  are  far  less  numerous,  and  generally  less  in 
size,  so  that  by  the  excavation  of  one  of  these  spaces  within  an  old 
'  Haversian  system,'  a  new  one  may  be  formed  of  much  smaller  dimen- 
sions (Fig.  123,  c).   The  persistence  of  portions  of  those  older  '  Haver  - 

Fig.  123. 


Transverse  section  of  compact  Bone,  showing  the  ordinary  appearances :— o,  Haversian 
system  ;  b,  b,  interstitial  lamina  ;  c,  new  Haversian  system  within  an  older  one. 

an  systems'  which  have  undergone  partial  absorption,  appears  to 
icount  for  the  presence  of  the  '  interstitial  lamina^  (b,  b),  which  fill-up 
ie  spaces  between  the  existing  '  Haversian  systems,'  and  of  which,  as 
ney  have  not  any  obvious  centres  of  nutritive  supply,  no  other  satis- 
actory  explanation  can  be  given.  Such  appearances,  indicative  of 
jternate  acts  of  absorption  and  reproduction,  are  seen  in  the  bones  of 
jja  as  well  as  of  young  or  middle-aged  subjects ;  but  their  frequency 
innnishes  with  the  increasing  age  of  the  individual.*— So  far  as  can 
e  gathered  from  the  foregoing  facts,  and  from  others  of  the  same  order, 
!e  process  of  interstitial  decline  and  death  usually  takes  place  too 
apidly  for  its  stages  to  be  perceptible,  and  is  immediately  followed,  in 
ie  normal  condition  of  the  system,  by  the  removal  of  the  effete  par- 
^  es ;  so  that  it  is  only  when  this  removal  is  from  any  cause  obstructed, 
f  t}iapi)ens  in  tlie  cases  t0  be  presently  cited,  that  we  see  any  indication 
tne  stages  through  which  the  disintegrating  tissues  pass.f 

^•o  the  Memoir  by  Messrs.  Tomes  and  De  Morgan  '  On  the  Structure  and  Develop- 
"»  ;»  Bone,'  ,n  « Pnilos.  Transact,"  1853,  p.  111.  1 
.e  .« J"y  rocognizing  the  importance  of  Dr.  Lyons'  ingenious  inquiries  on  '  Histolysis,' 
x  i roceeu.  of  Royal  Irish  Acad.,"  vol.  v.  part  iii.,  and  "  Brit,  and  For.  Mcd.-Chir. 
°'-  xn.  pp.  454,  532),  the  Author  cannot  regard  the  changes  which  take  place 
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351.  There  is  one  remarkable  form  of  degeneration,  however,  which  is 
common  to  nearly  all  the  tissues,  and  which  seems  to  occur  as  a  normal 
alteration  in  many  of  them  at  an  advanced  period  of  life  ;  this  consists  in 
the  conversion  of  their  albuminous  or  gelatinous  materials  into  fat,  th 


us 


constituting  what  is  known  as  fatty  degeneration.  That  this  change  is  not 
due  to  the  removal  of  the  normal  components  of  the  tissues,  and  the  sub- 
stitution of  newly-deposited  fatty  matter  in  their  place,  but  is  (in  most 
cases  at  least)  the  result  of  a  real  conversion  of  the  one  class  of  substances 
into  the  other,  may  now  be  considered  as  well  ascertained.*  And  there 
are  certain  facts  which  indicate  that  this  kind  of  degeneration  is  a  part  of 
the  regular  series  of  processes,  by  which  tissues  that  have  served  their 
purpose  in  the  economy  are  prepared  for  being  removed  by  absorption ; 
one  of  the  most  remarkable  being  the  observations  of  Virchowf  and 
KilianJ  with  regard  to  the  fatty  degeneration  of  the  muscular  tissue  of 
the  uterus  after  parturition.  So,  as  Mr.  Paget  has  pointed-out,  the  fibri- 
nous and  corpuscular  products  of  inflammation  are  often  brought  into  a 
state  fit  for  absorption,  by  passing  through  this  intermediate  stage ;  the 
fibrinous  substance  being  observed  to  be  dotted  by  granules  which  are 
recognized  as  oil-particles  by  their  peculiar  shining  black-edged  appear- 
ance, and  at  the  same  time  losing  its  toughness  and  elasticity,  and  being 
no  longer  rendered  transparent  by  acetic  acid ;  whilst  the  lymph-cells 
present  a  similar  increase  of  shining  black-edged  particles  like  minute  oil- 
drops,  Avhich  accumulate  until  they  nearly  fill  the  cell-cavity,  their  nuclei 
at  the  same  time  gradually  fading  and  disappearing.§  Thus,  then,  if  the 
fat,  which  is  one  of  the  products  of  this  retrograde  metamorphosis,  be  ab- 
sorbed as  fast  as  it  is  formed,  and  the  effete  tissue  be  replaced  by  a  new 
production  (as  seems  to  be  the  case  with  Muscles  in  a  state  of  healthy 
activity),  there  is  no  appearance  of  degeneration,  and  the  nutrition  is  kept 
up  to  its  normal  standard.  So  if,  from  the  advance  of  age,  or  from  the! 
insufficient  exercise  of  the  muscles,  their  nutrition  take  place  less  rapidly! 
than  their  waste,  whilst  the  products  of  their  degeneration  are  still  removed  J 
simple  atrophy  is  the  result.  If,  on  the  other  hand,  the  general  conditions 
being  similar,  the  fat  produced  in  degeneration  be  not  absorbed,but  remain! 
in  the  tissue,  an  obvious  '  fatty  degeneration'  is  the  result.  This  seems! 
most  likely  to  happen  either  (1)  when  the  fat  is  thus  produced  in  such  ex-J 
cessive  amount,  that  the  ordinary  rate  of  its  absorption  (corresponding 
with  that  of  its  elimination  by  the  combustive  process)  does  not  provida 
for  its  removal ;  which  will  occur  when  a  large  amount  of  tissue  is  under-! 
going  degeneration  at  once,  as  in  the  case  of  the  uterus  after  parturition:— 

in  tissues  decomposing  out  of  the  hody,  aB  throwing  much  light  upon  the  processes  o 
degeneration  that  take  place  during  the  latter  period  of  their  life.  „ 

*  For  an  excellent  account  of  the  whole  subject  of  Fatty  Degeneration,_  see  Vt 
Handfield  Jones's  Articles  in  the  "Brit,  and  For.  Med.-Chir.  Rev.,"  vol.  xi.  p-  3-' 
and  vol.  xii.  p.  30.  In  this  country,  a  substantial  description  of  the  i™Por'an£e?(, 
the  fatty  degenerations  was  given,  upwards  ot  a  quarter  of  a  century  ago,  by  k"1'1V1' 
("Trans.  Med.-Chir.  Soc,"  1843,  vol.  xxvi.,  and  "Edin.  Med.  and  Surg.  Journ., 
1843,  p.  158),  who  thus  early  proved  that  these  degenerations  are  a  most  trcqut 
cause  of  the  decay  of  the  tissues,  especially  of  aneurism  of  the  arteries,  and  ot  ^ 
spontaneous  bursting  of  their  small  branches,  which  is  the  proximate  cause  o 
most  frequent  form  of  apoplexy  in  the  brain. 

f  "  Verhandlungen  der  Gresellschaft  fur  Geburtshulfe,"  Berlin,  vol.  m.  p.  >■<• 

i  Henle  and  Pfeuffer's  "  Zeitschrift,"  vol.  ix.  p.  1. 

§  See  Mr.  Paget's  "Lectures  on  Surgical  Pathology,"  vol.  i.  p.  374. 
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or  (2)  when  the  blood,  being  already  highly  charged  with  respiratory 
material,  is  indisposed  to  receive  an  additional  amount  of  fat ;  and  it  is 
probably  in  part  from  this  cause,  that  the  habitual  presence  of  Alcohol 
in  the  blood  strongly  predisposes  to  fatty  degeneration,  as  is  proved  by 
the  very  large  proportion  of  intemperate  individuals  among  the  subjects 
of  the  more  aggravated  forms  of  this  disorder.  For  the  special  aptitude 
for  the  combustive  process  which  is  characteristic  of  Alcohol,  may  give 
it  such  a  preference  in  this  operation  over  the  ordinary  combustive 
material,  that  the  conversion  of  the  latter  by  oxidation  into  carbonic  acid 
and  water  is  kept-back,  so  long  as  Alcohol  is  present ;  and  thus  the  blood 
of  drunkards  becomes  so  highly  charged  with  fat,  that  it  might  be  itself 
considered  to  be  in  a  state  of  fatty  degeneration.*  This  distinct  evidence 
of  the  operation  of  Alcohol  habitually  received  into  the  blood  in  large 
quantities,  affords  an  obvious  indication  that  the  habitual  consumption 
of  even  a  much  smaller  amount  will  tend  to  produce  fatty  degeneration 
at  more  remote  periods  and  in  a  less  aggravated  degree ;  and  the  par- 
ticipation which  this  state  has  been  shown  to  have  in  the  production  of 
a  large  proportion  of  the  diseases  of  Old  Age, — especially  by  the  changes 
it  induces  in  the  texture  of  the  heart  and  of  the  walls  of  the  blood- 
vessels (which  are  particularly  liable  to  it), — fully  bears  out  this 
idea. 

352.  It  may  be  stated  as  a  general  rule,  that  no  absorption  of  the 
materials  of  tissues  can  take  place,  without  a  previous  degeneration 
such  as  this,  or  a  more  complete  decomposition.    There  is  no  evidence 
that  any  healthy  tissue  is  ever  thus  absorbed,  or  that  any  preternatural 
activity  of  the  absorbent  vessels  can  ever  (as  formerly  supposed)  be  the 
occasion  of  a  loss  of  substance ;  in  fact,  so  long  as  the  vital  force  is  in 
active  operation  in  a  part,  and  its  processes  of  growth  and  development 
are  being  normally  carried-on,  such  absorption  may  be  considered  to  be 
impossible.    On  the  other  hand,  if  a  part  die  en  masse,  it  is  not  removed 
by  absorption,  but  becomes  isolated  by  the  separation  and  recedence  of 
the  living  parts,  and  is  then  cast-out  altogether,  even  from  the  interior 
of  the  body,  as  we  see  in  the  case  of  a  necrosed  bone  ;  its  condition 
being  then  essentially  the  same  as  that  of  the  outer  layers  of  the  tegumen- 
tary  organs,  which  are  cut-off,  by  their  distance  from  a  vascular  surface, 
from  all  further  nutrient  change.    The  difference  between  these  two 
modes  of  removal  is  well  seen  (as  Mr.  Paget  has  remarked)  in  the  case 
of  the  Teeth ;  for  the  fangs  of  the  deciduous  teeth  undergo  degenera- 
tion, when  the  current  of  nutrition  is  diverted  towards  those  which  are 
to  succeed  them,  their  materials  being  slowly  decomposed,  so  as  to  be- 
come soluble,  and  being  gradually  removed  by  absorption,  so  that 
nothing  is  left  at  last  but  the  crowns  of  the  teeth  ;  on  the  other  hand, 
the  permanent  teeth,  which  are  not  to  be  succeeded  by  others,  when  no 
longer  receiving  their  due  nutrition,  die,  and  are  cast-out  entire. 

353.  Among  the  conditions  of  healthy  Nutrition,  a  due  supply  of 
j  Nervous  power  is  commonly  enumerated ;  and  it  cannot  be  questioned 

*  The  quantity  of  fat  in  the  blood  of  drunkards  has  been  found  in  some  cases  to  be 
«  much  as  1 17  parts  in  1000  (Lecanu),  the  highest  estimate  of  the  quantity  in  health 
;  >emg  8'65  parts.    Scharlau  has  found  as  much  as  30  per  cent,  more  carbon  in  the 
'  Al   i?     drunktt,<J  tlian  in  that  of  a  healthy  man.— See  Dr.  Huss's  treatise  on 
I  Alcoholismu8  Chronicus,"  Rokitansky's  "  Handbuch  der  allgeraeinen  pathologischen 
1  Vnatonno,"  Bd.  iv.,  and  "  Brit,  and  For.  Med.-Chir.  Rev.,"  vol.  xii.  p.  33,  34. 
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that  the  want  of  such  a  supply  is  frequently  the  source  of  a  perversion 
of  the  normal  operations.  This,  however,  by  no  means  proves  that  the 
formative  power  is  derived  from  the  nervous  system  ;  and  such  an  idea 
is  at  once  negatived  by  a  number  of  incontestible  facts.  Yet  it  may 
be  freely  admitted  that  the  right  direction  and  application  of  this 
power  in  Nutrition,  may  sometimes  depend  upon  guidance  and  direc- 
tion afforded  by  the  Nervous  centres,  in  the  same  manner  as  the 
Secreting  process  is  capable  of  being  thus  affected;  in  fact,  we  can 
scarcely  explain  in  any  other  mode  that  influence  of  mental  states  upon 
the  nutrient  operations,  which  frequently  leads  to  very  important  modi- 
fications of  them. — The  whole  of  this  subject,  however,  will  be  more 
appropriately  considered  hereafter  (chap,  xvii.).* 

3.  Varying  Activity  of  the  Nutritive  Processes. — Reparative  Operations. 

354.  Without  any  change  in  the  character  of  the  Nutritive  processes, 
there  may  be  considerable  variations  in  their  degree  of  activity  ;  and  this, 
as  regards  either  the  entire  organism,  or  individual  parts,  though  most 
commonly  the  latter.    These  variations  may  be  so  considerable  as  to 
constitute  Disease ;  though  there  are  some  which  take  place,  as  part  of 
the  regular  series  of  Physiological  phenomena.    Thus,  as  we  have  seen, 
it  is  to  the  excess  of  formative  activity,  that  the  increase  of  the  organism 
in  the  earlier  period  of  life  is  due,  its  '  waste'  being  at  the  same  time 
extremely  rapid ;  whilst  it  is  to  a  corresponding  reduction  in  the  regene- 
rative power,  and  not  to  positive  excess  of  '  waste'  or  decay  (this,  indeed, 
taking  place  very  slowly),  that  the  gradual  decline  of  the  organism  in 
advancing  years  is  to  be  attributed.    So  also  we  find  that  local  as  well 
as  general  variations  may  take  place,  as  a  part  of  the  regular  series  of 
vital  phenomena ;  and  this  during  the  period  of  adult  life,  as  well  as  in 
the  earlier  and  later  epochs.    Thus  all  those  differences  in  the  propor- 
tional development  of  the  several  parts  of  the  organism,  which  mark  the 
distinction  between  the  adult  and  the  child,  even  where  (as  in  the  case 
of  a  dwarf)  there  is  no  difference  in  stature,  result  from  a  decline  in 
the  formative  capacity  of  those  which  are  peculiarly  adapted  to  the  wants 
of  the  earlier  stage  (the  Thymus  gland,  for  example),  and  from  an  in- 
creased activity  of  nutrition  in  those  which  are  destined  to  the  use  of  the 
adult,  the  Generative  organs  more  particularly.    And  the  intermittent 
activity  of  the  sexual  apparatus  of  the  female  affords  a  remarkable 
example  of  the  same  principle ;  this  being  marked,  not  merely  in  the 
enormous  development  of  the  uterus  and  mammary  glands  as  a  conse- 
quence of  conception,  but  in  the  periodical  change  which  takes  place  in 
the  ovaries,  whereby  the  ova  are  matured  and  thrown- off  at  cer 
regular  intervals.    The  decline  in  the  formative  power  of  these  sain 
organs,  moreover,  when  as  yet  the  organism  in  general  shows  but  litt 
indication  of  deterioration,  is  another  characteristic  example  of  thj 
variation  in  Nutritive  activity  resulting  from  the  inherent  endowmen  a 
of  the  part,  and  essentially  irrespective  of  the  condition  of  the  blood,  oi 
the  circulation,  and  of  the  organism  as  a  whole ;  although,  as  former  M 

*  In  the  treatment  of  this  subject,  the  Author  has  made  use  of  many  T^ualb,ff.^U!-| 
trations  contained  in  the  first  three  of  Mr.  Paget's  "  Lectures  on  Surgical  1  fttholy«JU 
the  general  doctrines,  however,  being  such  as  he  had  himself  oxpressed  on  ma  J  1 
vious  occasions. 
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shown  (§  218),  the  production  and  maintenance  of  other  and  apparently 
unconnected  organs  are  complementally  dependent  upon  the  formative 
activity  of  the  Generative  apparatus. 

355.  The  abnormal  excess  of  Nutritive  change  which  properly  consti- 
tutes Hypertrophy,  appears  to  depend  upon  a  departure  from  one  or  other 
of  the  conditions,  under  which,  as  already  specified,  the  change  normally 
takes  place — namely,  the  right  composition  of  the  blood,  a  due  supply  of 
such  blood,  and  a  proper  formative  capacity  in  the  blood  itself. — Of  the 
excess  of  nutrition  resulting  from  the  presence  of  an  excess  of  the  peculiar 
materials  of  certain  tissues  in  the  circulating  fluid,  examples  have 
already  been  given  (§  328) ;  it  is  important  to  remark,  however,  that 
although  hypertrophy  may  be  thus  induced  in  any  of  the  tissues  which 
constitute  the  instruments  of  organic  life,  yet  there  is  no  evidence  that 
either  the  Nervous  or  the  Muscular  apparatus  can  be  forced  (so  to  speak) 
to  an  augmentation  in  bulk,  by  the  mere  abundance  of  their  nutritive 
materials. — With  regard,  in  the  next  place,  to  the  supply  of  blood,  there 
;  can  be  no  doubt  that  in  general  an  increased  flow  of  blood  towards  a 
part  is  consequent-upon,  rather  than  a  cause-of,  an  excess  in  its  nutritive 
activity ;  but  still  there  are  cases  in  which  its  causative  agency  may  be 
traced.    Various  examples  of  this  have  been  supplied  by  the  experi- 
ments and  observations  of  John  Hunter,  the  records  of  which  are  left 
,  in  his  Museum.    Thus  if  the  spur  of  a  cock  be  transplanted  from  the 
leg  to  the  comb,  which  is  a  part  far  more  vascular  than  that  with  which 
;  it  was  originally  connected,  it  undergoes  an  extraordinary  augmentation 

I  in  size  ;  having  in  one  instance  grown  in  a  spiral  form,  until  it  was  six 
;  inches  long;  and  in  another  curved  forwards  and  downwards  like  a  horn, 
;  so  that  its  end  needed  to  be  often  cut,  to  enable  the  bird  to  bring  its  beak 
|  to  the  ground  in  feeding.  So,  again,  it  was  remarked  by  Hunter,  and 
i  has  been  frequently  observed  since,  that  an  increased  growth  of  hair 
!  )ften  takes  place  on  surfaces  to  which  there  is  an  increased  determina- 
tion of  blood  as  a  consequence  of  inflammation  in  some  neighbouring 

i  oart,  though  not  from  the  surface  of  the  inflamed  part  itself.  So  it  some- 
:imes  happens,  that  when  an  ulcer  of  the  integuments  of  the  leg  has  long 

L  existed  in  a  young  person,  the  subjacent  bone  may  share  in  the  increased 
ifflux  of  blood,  and  may  enlarge  and  elongate.    And  it  seems  not  im- 

I I  orobable  that  we  are  to  attribute  the  increased  thickness  of  the  cuticle, 
[ )n  parts  which  are  exposed  to  continual  pressure  or  friction,  to  the  aug- 

:  |  nented  afflux  of  blood  which  is  determined  to  the  irritated  surface.* 
356.  The  greater  number  of  cases  of  hypertrophy,  however,  must 
i  indoubtedly  be  referred  to  the  preternatural  formative  capacity  of  the 

il!>art  itself,  and  this  may  either  be  congenital  or  acquired.  Of  this  con- 
I  genital  excess,  we  have  a  remarkable  example  in  the  abnormal  growth 
l-w  an  entire  limb,  or  of  fingers  or  toes,f  which  cannot  with  any  proba- 
I  nlity  be  referred  to  an  original  excess  in  the  supply  of  blood,  the  en- 
I  argement  of  the  arteries  leading  towards  such  parts  being  almost  cer- 

*  It  is  commonly  said  that  local  Hypertrophy  may  he  induced  hy  long-continued  Con- 
liestion;  but  this  is  not  true  hypertrophy;  ioAhe  bulk  of  the  organ  is  not  augmented 
I  y  the  increased  production  of  its  normal  tissue,  but  by  the  addition  of  tissue  of  an 
I  "+Ar  type  of  orSamzation,  as  in  Inflammation 

I  J  \ ca8e  of  hypertrophy  of  an  entire  limb  was  described  by  Dr.  John  Reid  in  tho 
I  Mmo.  Monthly  Journ.,"  1843,  p.  198;  and  several  cases  of  hypertrophy  of  the 
I  ngcrs  were  described  by  Mr.  Curling  in  the  "  Med.-Chir.  Trans.,"  vol.  xxviii. 
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tainly  consequent  upon  their  unusually  rapid  growth,  just  as  in  the 
case  of  the  uterine  and  mammary  arteries  of  the  pregnant  female.  The 
most  remarkable  instances  of  the  acquirement  of  increased  forma- 
tive activity,  are  presented  to  us  in  that  augmented  growth  of  the 
nervous  and  muscular  tissues,  which  is  consequent  upon  the  exercise  of 
their  functional  powers.    This  may  be  considered  as,  to  a  certain  ex- 
tent, a  normal  adjustment  of  the  supply  to  the  demand ;  but  there 
are  some  instances  in  which  it  takes  place  to  such  an  extent  as  to  be- 
came a  positive  disease.     Thus  it  not  unfrequently  happens  that  if 
young  persons  who  naturally  show  precocity  of  intellect,  are  encouraged 
rather  than  checked  in  the  use  of  the  brain,  the  increased  nutrition 
of  the  organ  (which  grows  faster  than  its  bony  case)  occasions  pres- 
sure upon  its  vessels,  it  becomes  indurated  and  inactive,  and  fatuity 
and  coma  may  supervene.    Now  although  in  such  cases  there  may 
probably  have  been  some  congenital  tendency  to  preternatural  activity 
of  the  brain,  which  manifested  itself  in  the  precocity  of  intellect,  yet 
there  is  no  doubt  that  this  may  be  augmented  by  the  '  forcing  system  ' 
of  education;  whilst  on  the  other  hand,  it  may  be  controlled  by  a 
system  of  management  adapted  to  the  peculiar  circumstances  of  the 
case.    Excess  of  muscular  development  is  peculiarly  prone  to  show 
itself  in  the  involuntary  muscles ;  but  this  production  is  in  almost  every 
instance  the  result  of  the  demand  for  increased  muscular  exertion  which 
is  consequent  upon  some  obstruction  to  the  usual  function  of  the  part. 
Thus  an  extraordinary  hypertrophy  of  the  muscular  coat  of  the  urinary 
bladder  is  often  seen  as  a  consequence  of  obstruction  to  the  exit  of  the 
urine,  through  the  presence  of  a  stone  in  the  bladder  or  of  a  stricture  in 
the  urethra ;  so  again  hypertrophy  of  the  muscular  coat  of  the  gall- 
bladder may  take  place  as  a  consequence  of  obstruction  of  its  duct  by 
a  gall-stone  ;  hypertrophy  of  the  muscular  coat  of  any  part  of  the  ali- 
mentary canal  may  be  induced  by  the  existence  of  stricture  lower 
down  ;  and  even  hypertrophy  of  the  heart  is  generally,  if  not  always, 
attributable  to  obstruction  to  the  exit  of  the  blood  which  it  propels,  result- 
ing either  from  stagnation  of  the  pulmonary  circulation  by  the  deficient 
aeration  consequent  upon  disease  of  the  lungs  (in  which  case  the  hyper- 
trophy is  limited  to  the  right  side  of  the  heart),  or  from  thickening  or 
induration  of  the  semilunar  valves,  or  from  narrowing  of  the  orifices  of 
the  aorta  and  pulmonary  artery.    It  is  curious,  moreover,  to  observe, 
that  hypertrophy  of  muscles  frequently  becomes  a  source  of  increased 
nutrition  of  the  bones  to  which  they  are  attached  ;  this  being  manifested 
not  merely  in  the  augmented  bulk  of  the  bones  of  limbs  that  are  spe- 
cially exercised,  but  also  in  the  increased  prominence  of  the  ridges  and 
processes  to  which  the  muscles  are  attached.    This  adaptiveness  on  the 
part  of  the  formative  activity  of  the  osseous  tissue,  is  curiously  mani- 
fested also  in  the  relation  of  the  skull  to  the  brain ;  for  if  the  bulk  o 
the  brain  be  not  too  rapidly  augmented,  the  skull  will  enlarge  accord- 
ingly, and  this  (in  some  instances)  not  merely  by  the  extension  of  its 
normal  bones,  but  by  the  intercalation  of  new  osseous  elements,  the 
'ossa  wormiana; '  whilst,  on  the  other  hand,  if  there  be  a  diminutio 
in  the  bulk  of  the  brain,  the  cranium  may  adapt  itself  to  this  also,  by 
thickening  on  its  internal  surface  (or  concentric  hypertrophy), — tin 
change,  rather  than  a  diminution  in  the  entire  substance  of  the  skull 
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being  more  liable  to  take  place  in  cases  in  which  the  cranial  sutures 
have  already  closed,  and  the  nutrition  of  the  bone  has  become  inactive. 

357.  The  production  of  Tumours  must  be  considered  as  a  manifesta- 
tion of  an  excess  of  formative  activity  in  individual  parts,  and  as  con- 
stituting, therefore,  a  species  of  Hypertrophy.    For  a  tumour  may  be 
composed  of  the  tissues  which  are  normal  to  the  part ;  as  we  see  espe- 
cially in  the  case  of  those  tumours  of  the  uterus,  which  are  made  up 
of  an  excess  of  its  ordinary  muscular  and  fibrous  elements.    But,  as 
Mr.  Paget  has  justly  remarked,  "  an  essential  difference  lies  in  this  ; — 
;he  uterus  (often  itself  hypertrophied)  in  its  growth  around  the  tumour 
maintains  a  normal  type,  though  excited  to  its  growth,  if  we  may  so 
speak,  by  an  abnormal  stimulus  ;  it  exactly  imitates,  in  vascularity  and 
nuscular  development,  the  pregnant  uterus,  and  may  even  acquire  the 
ike  power;  and  at  length,  by  contractions  like  those  of  parturition, 
nay  expel  the  tumour  spontaneously  separated.    But  the  tumour  imi- 
ates  in  its  growth  no  natural  shape  or  construction  ;  the  longer  it  con- 
inues,  the  greater  is  its  deformity.    Neither  may  we  overlook  the  con- 
rast  in  respect  of  purpose,  or  adaptation  to  the  general  welfare  of  the 
)ody,  which  is  as  manifest  in  the  increase  of  the  uterus  as  it  is  impro- 
)able  in  that  of  the  tumour."*    A  gradation  is  established,  however, 
>etween  true  Hypertrophies  and  Tumours,  by  those  productions  of 
•landular  tissues,  which  are  made-up  of  the  proper  substance  of  the 
land  with  which  they  are  connected,  as  the  mammary,  the  prostate,  or 
he  thyroid,  and  which  (though  frequently  encysted)  are  sometimes  met- 
ith  as  outlying  portions  of  the  gland  itself. — There  is  another  class  of 
bjects,  to  which  Tumours  come  into  close  relation,  and  which  must  be 
eferred,  like  them,  to  a  local  excess  of  formative  activity ;  these  are 
f  ae  '  supernumerary  parts  '  which  are  not  unfrequently  developed  dur- 
I  ig  foetal  life,  as  for  example,  additional  fingers  and  toes.    It  seems 
i-  bsurd  to  refer  these,  formed  as  they  are  by  simple  outgrowth  from  the 
I  mbs  to  which  they  are  attached,  to  the  '  fusion  of  germs  '  which  has 
I  een  hypothetically  invoked  to  explain  more  important  excesses,  as 
\  lose  of  additional  limbs,  double  bodies,  or  double  heads ;  and  yet  from 
|  ie  lower  to  the  higher  form  of  excess,  the  transition  is  so  gradual, 
T  lat  what  is  true  of  the  former  can  scarcely  but  be  true  of  the  latter. 

[ence  even  complete  1  double  monsters  '  must  be  regarded,  not  as  hav- 
I  ig  proceeded  from  two  separate  germs  which  have  become  partially 
S|  uited  in  the  course  of  their  development,  but  from  a  single  germ,  which, 
F  nng  possessed  of  an  unusual  formative  capacity,  has  evolved  itself  into 
ilr  structure  containing  more  than  the  usual  number  of  parts,  and  corn- 
el: irable  to  that  which  may  be  artificially  produced  by  partial  fission  of 
I  e  bodies  of  many  of  the  lower  animals. f 

LI  358.  We  can  scarcely  fail  to  recognize,  throughout  this  whole  series  of 
;  "normal  productions,  the  operation  of  a  similar  power.  In  the  formation 
a  supernumerary  part,  this  has  been  sufficient,  not  merely  to  produce 

I  *  r  ee  k's  "  lectures  on  Surgical  Pathology,"  vol.  ii.  p.  2  ;  also  Dr.  Handfield  Jones 
Brit,  and  For.  Med.-Chir.  Rev.,"  vol.  xiii.  p.  330  ;  and  Dr.  Bristowe  in  "  Trans,  of 
I  "hoi.  Soc,"  vol.  iv.  p.  218. 

I  t  See  "Princ.  of  Conip.  Phys.,"§  475;  Prof.  Vrolik  in  "Cyclop,  of  Anat.  and 
I  ys.,    art.  'Teratology,'  vol.  iv.  p.  976;  and  Prof.  Allen  Thomson  on  'Double 
[I  )n8tr<>8ity,'in"Edinb.  Monthly  Journal,"  June  and  July,  1844. 
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the  tissues,  and  to  develope  them  according  to  a  regular  morphological 
type,  but  to  impart  to  the  fabric  thus  generated  a  separate  and  even  an 
independent  existence ;  thus  involving  an  additional  finger  or  thumb  on 
each  hand,  a  double  pair  of  arms  or  legs,  a  double  head  or  trunk,  or 
even  a  complete  double  body.     In  the  hypertrophy  of  a  regular  or 
normal  part,  the  new  tissues  are  still  developed  according  to  a  regular 
morphological  type ;  but  they  have  not  the  power  of  individualizing 
themselves  (so  to  speak),  and  are  so  incorporated  with  the  normal  ele- 
ments as  to  augment  the  size  of  the  existing  organ.    In  the  formation 
of  a  tumour,  on  the  other  hand,  whilst  its  component  tissues  are  them- 
selves perfectly  formed,  and  have  a  marked  power  of  independent 
growth,  the  mass  composed  of  them  is  altogether  amorphous,  its  con- 
figuration being  usually  determined  rather  by  the  physical  conditions 
under  which  it  is  produced,  than  by  any  peculiar  tendencies  of  its  own ; 
so  that  we  recognize  the  action  of  the  formative  power,  undirected  b 
that  morphological  nisus,  which  normally  models  (so  to  speak)  th 
growing  tissues  into  the  likeness  of  the  organ  to  which  they  belong. 
But  further,  in  many  of  the  large  class  of  tumours  distinguished 
'  malignant,'  the  development  of  tissue  has  not  gone  to  the  extent  o 
producing  any  of  those  species  of  which  the  body  is  normally  constituted 
and  in  this  respect,  as  well  as  in  their  tendency  to  rapid  degeneration,  th 
vital  endowments  of  their  elements  must  be  reckoned  as  below  those  o 
the  normal  tissues. — It  is  not  always  easy  to  draw  the  line  betwee 
certain  tumours  and  supernumerary  parts,  especially  when  the  produc 
tion  of  the  former  is  symmetrical ;  but  the  first  appearance  of  the  latt 
never  takes  place  save  during  embryonic  life,  and  their  structure  i 
more  complex,  and  is  more  conformed  to  the  plan  and  construction  of  th 
body  at  large,  than  is  that  of  tumours,  whose  production  may  take-plac 
at  any  period  of  life.    And  between  those  tumours  which  are  knowij 
as  '  piliferous'  and  '  dentigerous  cysts,'  and  those  encysted  embryoej 
(usually  incomplete  in  their  formation)  which  are  sometimes  found  iu 
the  bodies  even  of  males,  it  is  impossible  to  establish  any  line  of  demarca 
tion  sufficiently  precise,  to  prevent  our  recognizing  them  as  all  kavini 
the  same  origin,  and  being  expressions  of  the  same  power, — the  simplj 
cyst  being  a  kind  of  rude  attempt  at  the  production  of  a  distinct  indij 
vidual, — and  the  encysted  embryo  being  but  the  result  of  an  unusuallj 
high  development  of  a  proliferous  cyst. 

359.  The  state  of  Atrophy  is  in  all  respects  the  very  opposite  of  th«l 
of  Hypertrophy  ;  consisting  in  such  a  reduction  in  the  rate  of  formativj 
activity  of  the  parts,  as  compared  with  that  of  their  4  waste,'  that  thei 
nutrition  is  no  longer  maintained  at  its  previous  standard  ;  so  that  the| 
are  gradually  reduced  in  bulk,  or  degenerate  into  some  inferior  histfj 
logical  type,  or  (which  is  more  common)  undergo  both  diminution  anf 
deterioration  at  the  same  time.  It  is  important  to  bear  in  mind,  tha 
Atrophy  may  take-place,  either  locally  or  generally,  from  an  unusually 
rapid  disintegration  of  the  tissues,  uncompensated  by  a  correspondirf 
increase  in  the  rate  of  their  nutrition :  of  such  local  atrophy,  we  na^ 
a  characteristic  example  in  the  rapid  reduction  of  the  bulk  of  the  uterj 
after  parturition,  and  of  the  mammary  glands  after  the  sudden  cessatu 
of  lactation ;  of  the  general,  we  see  an  illustration  in  that  rapid  wa^"| 
of  the  system,  which  takes  place  in  the  irritable  state  that  results  no\ 
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excessive  and  prolonged  exertion  of  body  or  anxiety  of  mind,  especially 
when  accompanied  with  want  of  sleep,  the  increased  disintegration  being 
marked  by  the  presence  of  an  unusual  amount  of  urea  and  of  the  alkaline 
phosphates  in  the  urine.     But  in  the  ordinary  forms  of  Atrophy,  there 
is  not  merely  a  relative  but  an  absolute  reduction  in  the  rate  of  the 
formative  process,  or  a  lowering  of  its  standard  of  perfection ;  and  here 
also  we  have  to  look  for  its  causes,  on  the  one  hand,  in  the  condition 
and  supply  of  the  blood,  and  on  the  other,  in  the  formative  capacity  of 
the  tissues  themselves. — The  Atrophy  dependent  upon  an  insufficient 
supply  of  nutritive  materials,  may  be  either  general  or  partial.  General 
atrophy,  or  emaciation,  is  a  necessary  result  of  deficiency  of  food  ;  but 
it  may  also  proceed  from  an  imperfect  performance  of  the  assimilating 
processes,  whereby  the  nutritive  materials  do  not  receive  their  requisite 
elaboration,  as  in  cases  of  disease  of  the  mesenteric  glands ;  or  from  an 
unusual  energy  of  the  metamorphic  processes,  whereby  the  azotized 
constituents  of  the  food  are  decomposed  into  excrementitious  products, 
without  undergoing  assimilation  at  all,  as  seems  to  be  the  case  in  diabetes. 
Of  the  atrophy  of  a  particular  tissue,  consequent  upon  the  deficiency  of 
its  proper  materials  in  the  blood,  we  have  an  example  in  the  reduction 
of  the  adipose,  when  there  is  no  surplus  of  fatty  matter  to  serve  for  its 
nutrition,  but  on  the  other  hand  a  withdrawal  of  the  contents  of  the  fat- 
cells  into  the  circulating  current,  whilst  the  nutrition  of  the  muscular 
and  other  azotized  tissues  may  proceed  with  its  usual  vigour. — Instances 
of  complete  local  atrophy,  or  gangrene,  resulting  from  deficiency  in  the 
:  supply  of  blood  to  a  part,  are  by  no  means  unfrequent ;  but  it  is  less 
common  to  meet  with  a  prolonged  diminution  in  the  rate  of  nutrition 
from  such  a  cause,  since  a  partial  obstruction  to  the  circulation  is  usually 
removed  after  a  short  time  by  the  enlargement  of  the  collateral  vessels, 
i  Yet  there  are  peculiar  circumstances  under  which  this  does  not  take 
ilace  ;  thus  Mr.  Curling  has  shown  that  atrophy  may  occur  in  that  por- 
ion  of  a  fractured  bone  which  is  cut-off  from  the  direct  supply  of  blood 
hrough  the  great  medullary  artery ;  the  circulation  being  restored  by 
mastomosis  to  such  an  extent  as  to  prevent  the  death  of  the  bone,  but 
i  lot  so  completely  as  to  support  vigorous  nutrition.* 

360.  The  most  frequent  cause  of  Atrophy  lies,  however,  in  the  defi- 
lency  of  formative  power  in  the  tissues  themselves,  arising  from  the 
|  lecline  of  that  capacity  which  they  inherit  from  the  germ.  This  decline, 
I  8  already  shown,  takes  place  in  the  body  at  large,  as  a  part  of  the 
|  egular  order  of  things  with  the  advance  of  years,  and  also  normally 
|  ccurs  in  particular  organs  at  earlier  periods  of  life  ;  but  it  sometimes 
ikes  place  prematurely,  either  in  the  body  at  large,  or  in  particular 
|  rgans,  so  that  they  undergo  a  wasting  or  degeneration  without  any  osten- 

ble  cause.  Thus  it  is  not  at  all  uncommon  for  Articular  Cartilages  to 
|  e  almost  entirely  destroyed  through  defect  of  nutrition,  without  any 
I  am  or  other  symptoms  to  call  attention  to  the  change  in  progress  ;f 
|  id  many  similar  cases  might  be  cited.  There  is  reason  to  believe  that 
I  tatty  degeneration,'  the  form  under  which  degeneration  most  com- 

only  presents  itself  (§  351),  is  in  reality  far  more  frequent  than  simple 

asting ;  but  it  attracts  less  notice,  because  the  bulk  of  the  tissues  is 


i 


.  *  "  Medico-Chirurgical  Transactions,"  vol.  xx. 

T  beo  Redforn,  "  On  Anormal  Nutrition  in  Articular  Cartilages,"  p 
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little  or  not  at  all  diminished ;  and  it  is  only  when  their  function  becomes 
impaired,  that  attention  is  seriously  drawn  to  the  change.  This  form  of 
Atrophy  can  seldom  be  attributed  to  antecedent  diminution  in  functional 
activity ;  for  it  is  most  common  in  organs  upon  which  there  is  the  most 
constant  demand  for  the  energetic  performance  of  their  respective  duties, 
as,  for  instance,  in  the  heart,  the  kidneys,  and  the  liver.  But  the  for- 
mative activity  of  Muscles  and  Nerves  is  so  closely  dependent,  as  already 
several  times  pointed-out,  upon  the  active  exercise  of  their  functional 
powers,  that  atrophy  is  certain  to  supervene  if  this  be  interrupted ;  and 
this  atrophy  may  or  may  not  present  itself  under  the  form  of  fatty  de- 
generation ;  a  shrinkage  of  the  parts,  concurrently  with  the  production 
of  an  increased  amount  of  fat  in  them,  being  perhaps  the  mode  in  which 
it  most  frequently  takes  place.  Atrophy  of  one  part,  moreover,  may  be 
dependent  upon  atrophy  or  imperfect  functional  activity  of  another,  if 
the  two  be  so  related  in  their  normal  functions,  that  a  decline  of  one 
involves  a  corresponding  decline  in  the  other.  Thus  if  a  motor  nerve 
be  paralyzed,  the  muscles  which  it  habitually  calls  into  action  will  be 
atrophied  ;  and  this  will  equally  happen,  whether  the  want  of  motive 
power  depend  upon  a  deficient  production  of  it  in  the  nervous  centres, 
or  upon  an  interruption  to  its  conduction  through  the  trunks.*  On  the 
other  hand,  if  the  muscles  of  a  part  undergo  degeneration  from  want  of 
use  (as  in  disease  of  the  hip-joint),  the  nerves  which  supply  them  also 
suffer.  The  same  is  the  case  in  regard  to  the  nerves  and  organs  of 
sense  ;  for  atrophy  of  the  eye  will  occasion  atrophy  of  the  optic  nerve, 
and  destruction  of  the  optic  ganglia  will  induce  atrophy  of  the  eyes  and 
optic  nerves.  Even  the  bones  of  a  limb  will  suffer,  in  cases  of  atrophy 
of  the  muscles  consequent  upon  disuse ;  for  in  an  experiment  made  by 
Dr.  J.  Reid,  to  determine  the  effect  of  artificial  exercise  in  maintaining 
the  nutrition  of  muscles  whose  nerves  had  been  divided,  the  bones  of 
the  quiescent  limb  only  weighed  81  grains,  whilst  those  of  the  exercised! 
limb  weighed  89  grains.  J — It  is  an  important  fact,  which  was  first  pointed-! 
out  by  Mr.  Paget,|  that  when  fatty  degeneration  is  commencing  in  anyj 
tissue,  which  is  characterized  by  the  persistence  of  its  nuclei,  it  is  in  the! 
nuclei  that  the  first  alterations  are  seen  ;  for  they  become  pale  and  in-| 
distinct,  and  may  even  disappear  altogether,  almost  before  any  other! 

*  The  Author  had  some  time  ago  under  his  observation  a  case  in  which  three  males!, 
of  a  family  progressively  became  affected,  between  the  ages  of  3  and  5  years,  with  fatty! 
degeneration  of  the  muscles,  which  proceeded  in  the  most  advanced  case  to  the  almostl 
complete  obliteration  of  their  normal  structure.    This  change  has  been  considered  byj 
many  eminent  Practitioners  to  be  idiopathic ;  that  is,  to  have  its  primary  origin  in  theft 
muscular  tissue  ;  and  the  measures  which  had  been  employed  to  arrest  it  bad  been  on 
no  avail  whatever.  It  was  a  strong  argument,  however,  against  such  a  view  of  the  case! 
that,  in  the  heart  of  the  eldest  son,  who  died  of  fever  at  the  age  of  16,  no  fatty  degene^ 
ration  could  be  discovered;  and  on  making  inquiry  into  the  history  of  the  parents  and! 
of  their  families,  ample  evidence  was  discovered  for  the  belief,  that  the  disease  was 
dependent  upon  the  want  of  functional  power  in  the  nervous  centres.    Acting  on  tjnfj 
view,  it  was  recommended  that  the  muscular  system  should  be  kept  as  much  as  possible! 
in  a  state  of  active  exercise,  and  that  a  weak  galvanic  current  shouldbe  frequently  transl 
mitted  through  the  limbs  from  the  spine.  This  treatment  proved  so  far  successful,  thai  , 
the  progress  of  the  disease  appeared  to  be  arrested,  in  the  most-advanced  case,  wullM 
a  decided  improvement  took  place  in  the  condition  of  a  younger  child,  who  was  prel 
viously  passing  rapidly  into  a  state  resembling  that  of  bis  elder  brothers. 

f  "Physiological,  Anatomical,  and  Pathological  Researches,"  p.  10. 

J  "  Lectures  on  Surgical  Pathology,"  vol.  i.  p.  106. 
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change  is  discernible  in  the  contents  of  the  cells  or  tubes  to  which  they 
appertain  ;  but  in  atrophy  from  mere  decrease,  this  disappearance  of  the 
nuclei  does  not  occur. 

361.  Reparative  Process. — The  nutritive  operations  take  place  with 
extraordinary  energy  and  rapidity  in  the  process  of  Reparation ;  by 
which  losses  of  substance  occasioned  by  injury  or  disease  are  made  good. 
I  In  its  most  perfect  form,  this  process  is  exactly  analogous  to  that  of  the 
first  development  of  the  corresponding  parts;  and  its  results  are  as  com- 
plete in  the  one  case  as  in  the  other.  In  fact,  among  the  lowest  tribes  of 
Animals,  we  find  these  two  conditions  blended,  as  it  were,  together ;  for 
the  process  of  reparation  may  be  carried  in  them  to  such  an  extent,  as 
to  reproduce  the  whole  organism  from  a  very  small  portion  of  it.  In 
the  Hydra,  or  Fresh-water  Polype,  there  would  seem  to  be  scarcely  any 
limit  to  its  power ;  for,  even  if  the  body  of  the  animal  be  minced  into 
small  fragments,  every  one  of  these  can  produce  a  new  and  perfect  being. 
In  this  manner,  no  less  than  forty  have  been  artificially  generated  from 
a  single  individual. — In  ascending  the  Animal  scale,  we  find  this  repara- 
tive power  less  conspicuous,  because  limited  in  its  exercise  to  particular 
tissues  and  to  comparatively  insignificant  parts  of  the  body;*  and  in 
Man,  as  in  other  warm-blooded  Vertebrata,  the  regenerative  power  is  for 
the  most  part  restricted  in  its  exercise,  as  Mr.  Paget  has  pointed  out,  j1  to 
three  classes  of  parts; — namely,  (1.)  "  Those  which  are  formed  entirely 
by  nutritive  repetition,  like  the  blood  and  epithelia  (their  germs  being 
continually  generated  de  novo  in  the  ordinary  condition  of  the  body) ; 
.  (2.)  Those  which  are  of  lowest  organization,  and  (what  seems  of  more 
importance)  of  lowest  chemical  character,  as  the  gelatinous  tissues,  the 
areolar  and  tendinous,  and  the  bones;  (3.)  Those  which  are  inserted  in 
other  tissues,  not  as  essential  to  their  structure,  but  as  accessories,  as 
onnecting  or  incorporating  them  with  the  other  structures  of  vegetative 
or  animal  life,  such  as  nerve -fibres  or  blood-vessels.  With  these  excep- 
ons,  injuries  or  losses  are  capable  of  no  more  than  repair  in  its  limited 
sense — i.e.,  in  the  place  of  what  is  lost,  some  lowly-organized  tissue  is 
formed,  which  fills  up  the  breach,  and  suffices  for  the  maintenance  of  a 
ess  perfect  life." — Yet,  even  thus  restricted,  the  operations  of  this  power 
re  frequently  most  remarkable ;  and  are  in  no  instance,  perhaps,  more 
trikingly  displayed,  than  in  the  re-formation  and  remodelling  of  an  entire 
Bone,  when  the  original  one  has  been  destroyed  by  disease.  That  this 
power  is  intimately  related  to  that  by  which  the  organism  is  normally 
built-up  and  maintained,  is  evident,  not  merely  from  the  peculiar  mode 
a  which  it  is  exercised, — its  tendency  being  always  to  reproduce  each 
^art  in  the  form  and  structure  characteristic  of  it  at  the  particular 
■>enod  of  life,  and  not  according  to  its  embryonic  type, — but  also  from, 
-he  fact  that  it  is  more  effectual  in  the  state  of  growth  than  in  the  adult 
condition,  and  that  it  can  do  far  more  in  the  embryonic  state,  when  deve- 
opment  as  well  as  growth  is  taking  place,  than  after  the  developmental 
Process  has  ceased.  In  fact,  as  Mr.  Paget  has  remarked  (loc.  cit.),  its 
lTiount  at  different  periods  of  existence,  as  in  different  classes  of  animals, 
eems  to  bear  an  inverse  ratio  to  the  degree  of  development  which  has 
«neady  taken  place.    Thus  it  is  well  known  to  every  Practitioner,  how 

*  See  "Princ.  of  Comp.  Phys.,"  chap.  xi.  sect.  3. 
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much  more  readily  and  perfectly  the  lesions  resulting  from  accident  or 
disease  are  repaired  in  childhood  and  youth,  than  they  are  after  the 
attainment  of  the  adult  state.  And  there  is  evidence  that  during 
embryonic  life,  the  regeneration  of  lost  parts  may  take  place  in  a  degree 
to  which  we  have  scarcely  any  parallel  after  birth  :  for  Prof.  Simpson*  has 
brought-together  numerous  cases,  in  which,  after  '  spontaneous  ampu- 
tation '  of  the  limbs  of  a  foetus,  occurring  at  an  early  period  of  gestation, 
there  has  obviously  been  an  imperfect  attempt  at  the  re-formation  of  the 
amputated  part  from  the  stump  ;  and  it  seems  probable  from  the  history 
of  normal  development,  that  in  the  cases  in  which  perfect  hands  and  feet 
have  been  present  without  the  corresponding  limbs,  these  hands  and  feet 
have  been  secondary  productions  from  the  stumps  of  amputated  limbs, 
since  any  original  defect  of  development  would  have  affected  the  hands^ 
and  feet  rather  than  the  arms  and  legs.  There  are  occasional  examples, 
moreover,  in  which  this  regenerative  power  has  been  prolonged  to  an 
unusually-late  period  :  thus  an  instance  is  recorded,  on  authority  that 
can  scarcely  be  doubted,  of  the  twice-repeated  reproduction  of  a  super- 
numerary thumb,  after  it  had  been  twice  completely  removed  ;t  and  the 
Author  has  been  assured  by  a  very  intelligent  surgeon,  that  he  was  cogni- 
zant of  a  case  in  which  the  whole  of  one  ramus  of  the  lower  jaw  having 
been  lost  by  disease  in  a  young  girl,  the  jaw  had  been  completely  re- 
generated, and  teeth  were  developed  and  occupied  their  normal  situations  j 
in  it.  J 

362.  It  has  been  a  general  opinion  among  British  surgeons  (founded  j 
upon  what  they  believe,  but  erroneously,  to  have  been  the  doctrine  of 
Hunter),  that  Inflammation  is  essential  to  the  process  of  Reparation.  | 
There  is  no  doubt  that,  as  usually  conducted,  the  healing  of  wounds  is  I 
attended  by  a  greater  or  less  degree  of  Inflammation  ;  but  it  does  not  I 
thence  follow  that  this  morbid  condition  is  essential  to  the  renewal  of  the  | 
healthy  state ;  and  in  fact  it  can  be  shown  that,  in  the  majority  of  cases,  I 
the  occurrence  of  Inflammation  is  injurious  rather  than  beneficial.   It  I 
was  by  Dr.  Macartney  that  the  first  clear  enunciation  of  this  important  I 
truth  was  made ;  and  his  conclusions,  founded  upon  a  philosophical  I 
comparative  survey  of  the  operations  of  Reparation  and  Inflammation  as  j 
performed  in  the  different  classes  of  animals — namely,  "  that  the  powers  k 
of  reparation  and  reproduction  are  in  proportion  to  the  indisposition  ort 
incapacity  for  inflammation  ; — that  inflammation  is  so  far  from  being  j 
necessary  to  the  reparation  of  parts,  that,  in  proportion  as  it  exists,  the  j 
latter  is  impeded,  retarded,  or  prevented; — that,  when  inflammation  doesj 
not  exist,  the  reparative  power  is  equal  to  the  original  tendency  to  pro- 
duce and  maintain  organic  form  and  structure  ; — and  that  it  then  becomes! 
a  natural  function,  like  the  growth  of  the  individual,  or  the  reproduction 

*  These  cases  were  brought  by  Prof.  Simpson  before  the  Physiological  Section  of  j 
the  British  Association,  at  its  Meeting  in  Edinburgh,  Aug.  1850.  The  Author,  having! 
hud  the  opportunity  of  examining  two  living  examples,  as  well  as  Prof.  Simpson's  pre-J- 
parations,  is  perfectly  satisfied  as  to  the  fact.  J 

f  See  Mr.  White's  Treatise  on  the  "  Pegeneration  of  Animal  and  Vegetable  buo-t 
stances''  (1785),  p.  16.  A  case  was  under  Dr.  Carpenter's  observation,  where  tnej 
reproduction  of  a  supernumerary  digit,  after  removal,  occurred  once,  and  a  Seconal 
operation  was  postponed  till  the  child  had  ceased  to  grow. — Ed.  .1 

t  For  analogous  cases,  see  Wagner  "On  Resections,"  Sydenham  Socio ty  s  tronsi.J  \ 
p.  137. 
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of  the  species,"*— may  be  regarded  as  substantially  correct,  although 
requiring  some  modification  in  particular  cases. 

363.  The  simplest  of  all  the  methods  of  healing  of  an  open  wound,  is 
that  which  is  termed  by  Dr.  Macartney  1  immediate  union.'  It  is  often 
seen  in  the  case  of  small  incised  wounds,  such  as  cuts  of  the  fingers,  or 
the  incision  made  in  venesection,  in  which  the  two  edges  can  be  brought 
into  close  approximation,  so  that  they  grow-together  without  any  con- 
necting medium  of  blood  or  lymph ;  but  it  sometimes  occurs  in  larger 
ones,f  and  as  it  is  the  best  imaginable  process,  the  surgeon  ought  to 
favour  it  as  much  as  possible,  by  procuring  the  most  exact  coaptation  of 
the  wounded  parts,  and  by  repressing  any  tendency  to  inflammation 
which  will  interfere  with  it.  This  is  the  mode  of  union  which  was 
spoken-of  by  John  Hunter  as  '  healing  by  the  first  intention.'  He 
supposed  that  the  Tinion  takes  place  through  the  medium  of  the  blood 
intervening  between  the  lips  of  the  wound,  which  undergoes  organization 
into  a  connecting  tissue  ;  but  it  is  now  certain  that  although  blood  may 
become  organized,  especially  when  effused  into  a  wound  secluded  from 
the  air,  yet  that  its  intervention  opposes,  rather  than  favours,  healing  by 
immediate  union. 

364.  That  which  is  commonly  known  amongst  British  Surgeons  as 
'  healing  by  the  first  intention,'  is  that  which  was  designated  by  Hunter 
as  '  union  by  adhesion'  or  by  '  adhesive  inflammation.'  This  process 
takes-place  in  the  case  of  incised  wounds,  of  which  the  edges  are  not 
brought  into  perfect  coaptation,  or  in  which  some  inflammatory  action  is 
present,  which  gives-rise  to  the  effusion  of  plastic  lymph.  In  either 
case,  the  connection  is  finally  re-established  by  the  organization  of  the 
lymph,  into  which  vessels  pass  from  both  surfaces  ;  but  the  intervention 
of  this  bond  is  manifested  in  the  persistence  of  the  cicatrix,  which  is 
quite  distinguishable  by  its  peculiar  appearance  from  the  surrounding 
tissue.  A  very  good  example  of  this  process,  as  it  takes-place  under 
favourable  circumstances,  is  presented  after  operations  for  hare-lip ;  the 
wound  left  by  which,  however,  may  partly  heal  by  '  immediate  union.' 
^ven  the  moderate  effusion  of  lymph,  to  a  degree  that  is  altogether 
salutary,  cannot  be  regarded  as  alone  sufficing,  under  such  circumstances, 
to  constitute  Inflammation.  But  it  is  well  known  that  if  a  slight  wound, 
which  is  thus  healing,  be  provoked  to  an  increased  degree  of  inflamma- 
tion, its  progress  is  interrupted  ;  and  all  the  means  which  the  Surgeon 
employs  to  promote  union  are  such  as  tend  to  prevent  the  accession  of 
this  state. — The  only  case  in  which  the  concurrence  of  Inflammation  can 
be  regarded  as  salutary,  is  that  in  which  there  is  a  deficiency  of  Fibrin  in 
'he  blood,  causing  a  deficient  organizability  of  the  lymph.  It  has  been 
^een  that  the  amount  of  fibrin  is  rapidly  increased  by  inflammation 
,§  198) :  and  the  Surgeon  well  knows  that  a  wound  with  pale  flabby  edges, 
n  a  depressed  state  of  the  system,  will  not  heal,  until  some  degree  of 
inflammation  has  commenced.    But  when  the  inflammatory  state  has 

*  Jr.  Macartney's  "  Treatise  on  Inflammation,"  p.  7. 

T  Mr.  Paget  mentions  a  case  of  extirpation  of  a  mammary  tumour,  in  which  the 
j  p"efrter  part  of  the  wound  was  found  to  have  healed  after  this  fashion  ;  the  skin  and 
ascia  having  so  firmly  adhered,  that  no  indication  existed  of  their  previous  detach- 
!  nent;  and  no  effusion  of  coagulable  lymph,  or  production  of  a  connecting  tissue,  was 
I  lete°*lble  by  microscopic  examination.    ("  Lectures  on  Surgical  Pathology,"  vol.  i. 
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developed  itself,  in  however  trifling  a  degree,  there  is  always  a  risk  of  its 
proceeding  further,  and  occasioning  a  degeneration  of  the  plastic  material, 
so  that  the  formation  of  pus-cells  and  the  effusion  of  purulent  fluid  take 
place,  instead  of  the  development  of  uniting  tissue. 

365.  The  reparation  of  wounds,  in  which  there  has  been  so  great  a  loss 
of  substance  that  neither  immediate  union  nor  adhesion  by  a  thin  layer  of 
coagulable  lymph  can  take  place,  is  accomplished  by  the  gradual  develop- 
ment of  new  tissue  from  the  '  nucleated  blastema'  with  which  the  cavity 
is  first  filled.    But  this  may  take  place  in  different  modes,  according  to 
the  degree  in  which  it  is  disturbed  by  the  Inflammatory  process;  and  it 
should  be  the  great  object  of  the  Surgeon  to  procure  the  most  favourable 
method  of  its  performance.    It  has  been  shown  by  Mr.  Paget*  that  the 
mode  in  which  the  process  of  filling-up  is  accomplished,  differs  essentially 
according  as  the  wound  is  subcutaneous,  or  is  exposed  to  air.    In  the 
former  case,  the  nucleated  blastema  is  gradually  developed  into  fibrous 
tissues  without  any  loss,  and  usually  with  freedom  from  local  inflamma- 
tion (beyond  what  may  have  been  requisite  for  the  production  of  the 
plastic  fluid),  as  well  as  from  constitutional  irritation.  In  the  latter  case, 
the  nucleated  blastema  is  developed  into  cells ;  and  those  on  its  exposed 
surface  are  unable,  either  from  degeneration  or  from  imperfect  develop- 
ment, to  pass-on  to  any  higher  form  of  organization,  but  take-on  the 
characters  of  pus-cells,  and  are  only  fit  to  be  cast-off.    Hence  there  is  a 
continual  loss  of  plastic  material,  the  amount  of  which,  in  the  case  of  an 
extensive  suppurating  sore,  forms  a  most  serious  drain  upon  the  system  ; 
whilst,  at  the  same  time,  the  local  inflammation  gives-rise  to  more  or  less 
of  constitutional  disturbance,  and  the  formation  of  new  tissue  is  by  no 
means  so  perfect  as  in  the  preceding  case.    In  cold-blooded  animals, 
however,  the  contact  of  air  does  not  produce  this  disturbance ;  and  we 
see  wounds  with  extensive  loss  of  substance  gradually  filled-up  in  them 
by  the  development  of  new  tissue,  without  any  suppuration  or  other  waste 
of  material,  very  much  as  in  the  subcutaneous  wounds  of  warm-blooded 
animals.  This  method  of  healing,  which  has  been  termed  by  Dr.  Macartney 
the  '  modelling  process,'  is  nothing  else  than  healing  by  granulations 
under  the  most  favourable  circumstances ;  and  to  procure  this  should  be 
the  endeavour  of  the  Surgeon,  who  too  frequently  considers  suppurative 
granulation  as  the  only  means  by  which  an  open  wound  can  be  filled-up. 
The  difference  between  the  two  modes  of  reparation  is  often  one  of  life 
and  death,  especially  in  the  case  of  large  burns  on  the  trunk  in  children ; 
for  it  frequently  happens  that  the  patient  sinks  under  the  great  constitu- 
tional disturbance  occasioned  by  a  large  suppurating  surface,  although  h 
has  survived  the  immediate  shock  of  the  injury. — Now  the  means  adopte 
by  Nature  to  bring  this  about,  in  warm-blooded  animals,  is  the  formatio 
of  a  scab  ;  which  reduces  the  wound  more  nearly  to  the  condition  of 
subcutaneous  one,  so  that  the  reparative  growth  and  formation  of  ne 
tissue  take  place  (under  favourable  circumstances)  without  any  suppurc 
tion,  and  with  scarcely  any  irritation;  the  subsequent  cicatrix,  too,  being 
much  more  like  the  natural  parts,  than  are  any  scars  formed  in  woun  j 
that  remain  exposed  to  the  air.    In  the  Human  subject,  however, 
process  is  far  less  certain  than  it  is  among  the  lower  animals,  owing  to 

*  Op.  cit. 
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liability  to  inflammation  in  the  wounded  part,  and  the  consequent  effusion 
of  fluid,  which  produces  pain,  compresses  the  wounded  surface,  or  forces 
off  the  scab,  with  great  discomfort  to  the  patient,  and  retardation  of  the 
healing.  Small  wounds,  however,  in  persons  of  good  habit  of  body,  and 
in  parts  which  can  be  completely  kept  at  rest,  readily  heal  in  this  manner ; 
and  large  wounds  have  been  known  to  close,  in  the  same  desirable  mode, 
beneath  a  clot  of  inspissated  blood.  In  fact,  among  '  uncivilized'  nations, 
whose  habits  of  life  are  favourable  to  health, — their  bodies  being  con- 
tinually exposed  to  fresh  air,  their  food  wholesome  and  taken  in  modera- 
tion, and  their  drink  water  or  other  unstimulating  liquids, — there  seems 
to  be  as  great  a  tendency  to  this  method  of  reparation,  as  exists  among  the 
lower  animals ;  and  the  difficulty  of  procuring  it  among  the  members  of 
'  civilized'  communities,  is  owing,  without  doubt,  to  the  unnatural  condi- 
tions under  which  they  too  frequently  live.  Seeing  as  we  continually  do, 
the  effects  of  foul  air,  of  habitual  excess  in  diet,  and  of  the  constant  abuse 
of  stimulants,  in  impairing  that  form  of  the  reparative  process  which 
must  be  regarded  as  the  least  favourable — namely,  the  closure  of  a  wound 
by  suppurating  granulations,  it  is  very  easy  to  comprehend,  that,  to 
induce  the  most  favourable  method,  the  most  perfect  freedom  from  all 
pernicious  agencies  should  be  required. 

366.  The  most  effectual  means  of  promoting  this  kind  of  Reparative 
process,  and  of  preventing  the  interference  of  Inflammation,  vary  accord- 
ing to  the  nature  of  the  injury.  The  exclusion  of  air  from  the  surface, 
and  the  regulation  of  the  temperature,  appear  the  two  points  of  chief 
importance.  The  value  of  the  former  is  well  shown  by  the  favourable 
results  obtained  by  the  plan  suggested  by  Prof.  Lister,*  of  the  free 
application  of  carbolic  acid  to  wounds,  fistulous  passages,  &c,  and  by 
covering  them  with  a  paste  formed  of  whiting,  boiled  linseed  oil,  and 
carbolic  acid.  By  Dr.  Macartney,  the  constant  application  of  moisture 
13  also  insisted  on.|  He  states  that  the  immediate  effects  of  injuries, 
especially  of  such  as  act  severely  upon  the  sentient  extremities  of  the 
nerves,  are  best  abated  by  the  action  of  "  steam  at  a  high  but  comfor- 
table temperature,  the  influence  of  which  is  gently  stimulant,  and  at  the 
same  time  extremely  soothing."  After  the  pain  and  sense  of  injury 
have  passed  away,  the  steam,  at  a  lower  temperature,  may  be  continued ; 
and,  according  to  Dr.  M.,  no  local  application  can  compete  with  this, 
when  the  Inflammation  is  of  an  active  character.  For  subsequently  re- 
straining this,  however,  so  as  to  promote  the  simple  reparative  process, 

ater-dressing  will,  he  considers,  answer  sufficiently  well ;  its  principal 
object  being  the  constant  production  of  a  moderate  degree  of  Cold,  which 

mmi-shes,  whilst  it  does  not  extinguish,  sensibility  and  vascular  action, 
and  allows  the  Reparative  process  to  be  carried-on  as  in  the  inferior 
tribes  of  animals.     The  reduction  of  the  heat  in  an  extreme  degree,  as 
y  the  application  of  ice  or  iced  water,  is  not  here  called-for,  and  would 

Positively  injurious ;  since  it  not  only  renders  the  existence  of  Inflaui- 
ttation  in  the  part  impossible,  but,  being  a  direct  sedative  to  all  vital 
activity,  suspends  also  the  process  of  restoration.  The  efficacy  of  Water- 

essing  ui  injuries  of  the  severest  character,  and  in  those  which  are 
mo8t  "kely  to  be  attended  with  violent  Inflammation  (especially  wounds 


*  "Lancet,"  1867,  pp.  326,  357,  &c.      f  "  Treatise  on  Inflammation,"  p.  178. 
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of  the  large  joints),  has  now  been  established  beyond  all  question  ;  and 
its  employment  is  continually  becoming  more  general.* — Other  plans 
have  been  proposed,  however,  which  seem  in  particular  cases  to  be 
equally  effectual.  To  Dr.  Greenhow,  of  Newcastle,  for  instance,  it  was 
accidentally  suggested,  a  few  years  since,|  to  cover  the  surface  of  recent 
burns  with  a  liquefied  resinous  ointment,  so  as  to  form  an  artificial  scab; 
and  he  states  that  in  this  manner  suppuration  may  be  prevented,  even 
where  large  sloughs  are  formed ;  the  hollow  being  gradually  filled-up 
by  new  tissue,  which  is  so  like  that  which  has  been  destroyed,  that  no 
change  in  the  surface  manifests  itself,  and  none  of  that  contraction,  which 
ordinarily  occurs  even  under  the  best  management,  subsequently  takes 
place. — A  plan  has,  moreover,  been  proposed  for  preventing  suppuration 
and  promoting  reparation  by  the  '  modelling'  process,  which  consists  in 
the  application  of  warm  dry  air  to  the  wounded  surface.  Although  the 
experiments  yet  published  have  not  been  entirely  satisfactory,  they  seem 
to  show  that  whilst  the  process  of  healing  may  be  slower  under  treat- 
ment of  this  kind,  it  is  attended  with  less  constitutional  disturbance  than 
is  oiten  unavoidable  in  the  ordinary  method  ;  and  that  it  may,  therefore, 
be  advantageously  put  in  practice  in  those  cases,  in  which  the  condition 
of  the  patient  requires  every  precaution  against  such  an  additional  bur- 
then,— as  after  amputation  in  a  strumous  subject.! 

3(!7.  When  the  process  of  healing  of  an  open  wound  by  Suppurative 
Granulation  is  attentively  watched,  it  is  seen  that  the  first  stage  is  the 
formation  of  a  'glazing'  on  the  exposed  surface,  which  closely  resembles 
the  bufly  coat  of  the  blood,  being  composed  of  coagulated  fibrin  and 
colourless  corpuscles ;  in  this  manner  a  sort  of  imperfect  epithelium  may 
be  formed,  within  half  an  hour  after  the  surface  has  been  laid-bare.  The 
increase  of  this  glazing  is  the  prelude  to  the  formation  of  granulations; 
but  whilst  it  is  going-on,  there  is,  in  and  about  the  wound,  an  appearance 
of  complete  inaction,  a  sort  of  calm,  in  which  scarcely  anything  appears 
except  a  slight  oozing  of  serous  fluids  from  the  wound,  and  which  con- 
tinues from  one  day  to  eight,  ten,  or  more,  according  to  the  nature  and 
extent  of  the  wounded  part,  and  the  general  condition  of  the  body.  "  This 
calm,"  says  Mr.  Paget,  "  may  be  the  brooding-time  for  either  good  or 
evil ;  whilst  it  lasts,  the  mode  of  union  of  the  wound  will,  in  many  cases, 
be  determined ;  the  healing  may  be  perfected,  or  a  slow  uncertain  process 
of  repair  may  be  but  just  begun  ;  and  the  mutual  influence  which  the 
injury  and  the  patient's  constitution  are  to  exercise  on  one  another, 
appears  to  be  manifested  more  often  at  or  near  the  end  of  this  period, 
than  at  any  other  time."  The  cessation  of  this  period  of  calm,  and  the 
active  commencement  of  the  reparative  operations,  are  marked  by  the 
restoration  of  the  flow  of  blood  in  the  vessels  of  the  wounded  part ;  but 
the  current  is  not  altogether  normal,  being  slower  but  fuller  than  natural, 
so  that  on  the  whole  more  blood  than  usual  passes  through  the  capillary 
plexus.  This  increased  afflux  of  blood  is  followed  by  effusion  of  plastic 
material  in  increased  proportion  ;  and  it  is  from  this  effusion  that  the 
granulating  process  properly  commences. 

*  See  an  account  of  the  results  of  this  treatment  by  Dr.  Gilchrist,  in  "  Brit,  and  For. 
Med.  Rev.,"  July  1846,  p.  242.  t  "  Medical  Gazette,"  Oct.  13,  1838. 

+  See  M.  Jules  Guyot,  "De  l'einploi  de  la  Chaleur  dans  le  Traitement  des 
Ulceres,  &c." 
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368.  The  process  of  Suppurative  Granulation,  then,  appears  to  differ 
"rom  the  process  of  granulation  as  it  takes  place  in  closed  wounds,  or  in 

warm  moist  atmosphere  (the  '  modelling-process '  of  Dr.  Macartney), 
-^sentially  in  this : — that  a  large  part  of  the  exudation-corpuscles 
•eposited  on  the  wounded  surface  degenerate  into  pus  in  the  former 
*ase,  whilst  none  are  thus  wasted  in  the  latter  ; — but  that  the  existence 
f  inflammation  occasions  a  more  copious  supply  of  fibrin  in  the  former 
ase,  and  increases  its  tendency  to  become  organized  :  the  filling-up  of 
wound  with  granulations  being  thus  a  much  more  rapid  process,  than 
i  aat  renewal  of  the  completely-formed  tissues  which  may  take  place  in 
ie  absence  of  inflammation.    The  imperfect  character  of  the  granula- 
on-structure  is  shown,  by  the  almost  complete  disappearance  of  it  after 
ie  wound  has  closed-over.    The  portion  of  it  in  immediate  contact 
ith  the  subjacent  tissue,  however,  appears  to  undergo  a  higher  organi- 
ition ;  for  it  becomes  the  medium  by  which  the  cicatrix  is  made  to 
lhere  to  the  bottom  of  the  wound.     It  is  very  liable  to  undergo 
langes  which  end  in   its   disintegration ;    as  is   evident  from  the 
lown  tendency  to  re-opening,  in  wounds  that  have  been  closed  in  this 
anner. 

369.  When  two  opposite  surfaces  of  granulations,  well  developed, 
i  it  not  yet  covered  with  cuticle,  are  brought  into  apposition,  they  have 

tendency  to  unite,  like  the  two  original  surfaces  of  an  incised  wound, 
as  method  of  union,  which  was  noticed  by  John  Hunter,  has  been 
propriately  termed  '  secondary  adhesion'  by  Mr.  Paget.    The  surgeon 
iy  frequently  have  recourse  to  it  with  great  advantage,  when  primary 
iiesion  is  impossible,  and  when  the  filling-up  of  the  wound  with 
mulations  would  be  a  tedious  process,  and  very  exhausting  to  the 
ent.    In  applying  it  to  practice,  it  is  essential  to  success,  first  that 
granulations  should  be  healthy,  not  inflamed  or  profusely  secreting, 
'  degenerated  as  those  in  sinuses  commonly  are ;  and  secondly,  that 
contact  between  them  should  be  gentle  but  maintained  :  it  seems 
uable,  also,  that  the  granulation- surfaces  should  be  as  much  as  pos- 
e  of  equal  development,  and  alike  in  character.* 

4.  Abnormal  Forms  of  the  Nutritive  Process. 

"0.  Under  the  preceding  head  we  have  considered  the  chief  varia- 
I  3  m  the  degree  of  activity  that  are  witnessed  in  the  ordinary  or 
|  nal  conditions  of  the  Nutritive  process, — those  conditions,  namely, 
'hich  the  products  are  adapted,  by  their  similarity  of  character,  to 
ace  those  Which  have  been  removed  by  disintegration.    But  we 
i  now  to  consider  those  forms  of  this  process  in  which  the  products 
ionormal,— being  different  from  the  tissues  they  ought  to  replace. 
I  shall  confine  ourselves  to  a  brief  examination  of  a  few  of  some  of 
^  nost  important  of  these  states ;  and  that  which  first  claims  our  con- 
ation, on  account  of  the  frequency  of  its  occurrence  and  the  im- 
mce  of  its  results,  is  Inflammation. — Although  Pathologists  have 
accustomed  to  look  for  the  '  proximate  cause  '  of  the  phenomena 

•n  the  whole  subject  of  the  Reparative  Processes,  see  Mr.  Paget's  admirable  "  Lec- 
fturgica  Pathology"  (vol.  i.  Lect.  vii.-xii.):  from  which  many  of  the  foregoing 
'entaan.l  doctrines  arc  adopted. 
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which  essentially  constitute  the  Inflammatory  state,  or,  in  other  word 
lor  the  first  departure  from  the  normal  course  of  vital  action,  in  th 
enlarged  or  contracted  dimensions  of  the  blood-vessels  of  the  inflame 
part,  or  in  the  altered  rate  of  movement  of  the  blood  through  it,  yet 
may  now  be  safely  affirmed  that  these  are  only  secondary  alteration 
depending  upon  an  original  and  essential  perversion  of  that  normal  r" 
tion  between  the  blood  and  the  tissues,  which  constitutes  the  prop 
Nutritive  process.    This  perversion  manifests  itself  (1)  in  a  diminutio 
in  the  formative  activity  of  the  tissues,  leading  to  their  degenerati 
and  death ;  (2)  in  an  augmentation  of  the  plastic  components  of  t 
blood,  proceeding  in  all  probability,  as  Virchow  has  suggested, 
their  increased  local  production,  and  subsequent  conveyance  into  t" 
circulating  fluid  by  the  lymphatics ;  and  (3)  in  these  newly-form 
materials  appearing  either  in  a  state  in  which  they  may  pass  into  a  1 
form  of  organized  tissue,  or  in  such  a  degraded  condition  that  they 
altogether  unorganizable,  and  are  fit  only  to  be  cast-out  from  the  bo 
Each  of  these  phenomena  requires  a  separate  examination,  both  as 
its  causes  and  its  consequences. 

371.  Although  it  has  been  customary  to  speak  of  Inflammation 
state  of  '  increased  action '  in  the  part  affected, — of  which  incr 
action,  the  augmentation  in  the  bulk  and  weight  of  an  inflamed 
and  in  the  quantity  of  blood  which  passes  through  it,  together 
its  higher  temperature  and  more  acute  sensibility,  would  seem 
furnish  sufficient  evidence, — yet  all  these  signs  are  found  to  be  de 
tive,  when  they  are  more  closely  examined;  and  the  conclusion 
forced  upon  us,  that  the  vital  power  of  the  part  is  really  depres 
rather  than  exalted.     For  the  increase  in  bulk  and  weight  is 
due  to  such  an  augmentation  of  its  proper  tissue,  as  would  truly  c 
stitute  Hypertrophy  ;  on  the  contrary,  even  in  the  slightest  forms 
Inflammation  there  is  such  a  diminution  in  the  rate  of  its  nutrition 
really  constitutes  Atrophy ;  and  such  augmentation  of  the  solid 
as  may  take  place,  is  produced  by  the  passage  of  the  fluid  which  sh 
properly  have  been  applied  to  the  nutrition  of  the  part,  into  an  o 
nized  tissue  of  the  lowest  kind,  and  this  in  virtue  rather  of  its 
plasticity,  than  of  the  vital  force  which  it  derives  from  the  tis 
which  it  infiltrates.    That  there  has  been  an  atrophy  rather  th 
hypertrophy  of  the  proper  fabric  of  the  part,  becomes  evident  en 
when  the  inflammation  has  passed-away,  and  this  newly-formed  ti 
undergoes  degeneration  and  absorption.    The  only  tissues  in  w 
there  is  any  appearance  of  increased  formation  during  the  inflamm 
state,  are  those  which  correspond  in  their  low  type  of  organization 
the  new  tissue  thus  generated — namely,  the  areolar  and  other  si 
fibrous  tissues,  and  also  the  osseous,  in  all  of  which,  as  Vircho 
shown,  the  cells  undergo  remarkable  increase,  constituting  what  i 
termed  Hyperplasia,  or  a  formation  of  new  elements,  in  oppositi 
Hypertrophy,  or  an  increase  in  the  nutrition  of  existing  parts, 
the  Inflammation  is  more  severe,  the  tendency  to  degeneration 
proper  tissues  of  the  part  becomes  very  obvious  :  for  it  is  y 
interstitial  decay  and  removal,  that  the  cavity  of  an  abscess  is  o 
it  is  by  their  superficial  death  and  absorption  or  solution,  thatw 
*  "  Cellular  Pathology,"  I860,  p.  403. 
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kes  place ;  and  it  is  in  the  death  of  a  whole  mass  at  once,  that  gangrene 
nsists. 

373.  That  a  diminution  in  the  formative  activity  of  the  Tissues  is  an 
iential  characteristic  of  the  Inflammatory  state,  further  appears  from  the 
idy  of  its  Etio'ogy  ;  for  whether  the  causes  to  which  the  inflammatory 
ack  may  be  traced  are  local  or  general,  acting  primarily  upon  the 
sues  of  the  part,  or  first  affecting  the  blood,  their  operation  is  essentially 
3  same.    Thus  the  local  causes  are  all  obviously  such  as  tend  either 
•ectly  to  depress  the  vital  powers,  or  to  elevate  them  at  first,  and  then 
depress  them  by  exhaustion.  Of  the  former  kind  are  cold  and  mecha- 
■ui  injury  ;  also  many  chemical  agents,  whose  operation  tends  to  bring 
:k  the  living  tissues  to  the  condition  of  inorganic  compounds.  Under 
I  ;  latter  category  are  to  be  ranked  all  those  agencies,  which  produce 
?r-exertion  of  the  functional  power  of  the  part ;  amongst  which  may  be 
\  lied  heat,  when  not  so  excessive  as  to  produce  a  directly  destructive 
pet.    Now  cold,  heat,  chemical  agents,  and  mechanical  injury,  when 
rating  in  sufficient  intensity,  at  once  kill  the  part,  by  entirely  destroy- 
[  ,  instead  of  merely  depressing,  its  vital  powers;  and  it  is  on  the 
I  -ders  of  the  dead  part,  where  the  cause  has  acted  with  less  potency, 
\  t  we  find  the  inflammatory  state  subsequently  presenting  itself. — On 
I  other  hand,  there  can  be  no  doubt  that  many  inflammations  have 
r  ir  origin  in  morbid  conditions  of  the  Blood,  which,  without  any  other 
V  se  whatever,  may  determine  all  the  other  phenomena.    This  is  most 
ious  with  regard  to  those  of  a  '  specific '  kind ;  but  it  is  also  probably 
J;  3  of  the  majority  of  the  so-called  spontaneous  or  constitutional,  as 
k  inguished  from  traumatic  inflammations.    We  seem,  indeed,  to  be 
j  '  to  trace  a  regular  gradation,  between  inflammatory  attacks  which  are 
;  rely  traceable  to  the  introduction  of  a  poison  into  the  blood,  and 
I  ie  which  result  from  causes  purely  local.    Under  the  first  head,  we 
ft.  •  unquestionably  rank  such  inflammatory  diseases  as  are  produceable 
jt  inoculation,  the  eruptive  fevers  for  example ;   and  scarcely  less 
if'  oughly  demonstrated  are  the  cases  of  rheumatism  and  gout,  and 
I  y  inflammations  of  the  cutaneous  textures,  which,  when  occurring  in 
I  chronic  form,  tend  to  exhibit  a  regular  symmetry  (§  216).    In  all 
t  cases,  the  local  affections  are  the  external  signs  of  the  general  affec- 
of  the  blood,  just  as  are  the  inflammations  produced  by  the  intro- 
I  ion  of  arsenic  or  of  other  irritant  poisons  into  the  circulation ;  and 
may  in  fact  be  reasonably  attributed  to  the  impairment  of  the 
|  tative  activity  of  the  parts  upon  which  these  poisons  fix  themselves, 
I  rtue  of  their  '  elective  affinity'  (§  219),  just  as  the  peculiar  functional 
I  %  of  the  nervous  centres  is  affected  by  narcotic  poisons.    And  this 
of  the  really-local  action  of  what  are  primarily  regarded  as  general 
1  onstitutional  causes  of  inflammation,  is  confirmed  by  the  fact,  that 
I  ocahzation  of  the  perverted  nutritive  condition  is  often  determined 
I  oth  Dr.  W.  Budd  and  Mr.  Paget  have  remarked)  by  a  previous  or 
I  arrent  weakening  or  depression  of  the  vital  activity  of  the  part.  Thus 
[    Wni°h  has  been  the  seat  of  former  disease  or  injury,  and  which  has 
ecovered  its  vigour  of  nutrition,  is  always  more  liable  than  another 
|     e  seat  of  local  manifestation  of  blood-disease ;  it  is,  in  common 
*age,  the  '  weak  part.'*   And  it  frequently  needs  such  a  concurrent 
Impetigo  appoars  about  blows  and  scratches  in  unhealthy  children,  and 
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operation  of  a  local  depressing  cause,  to  fix  and  develope  the  action  of  the 
constitutional  cause,  or  blood-disorder  ;  thus,  a  rheumatic  or  gouty  dia- 
thesis may  exist  for  some  time  (as  when,  to  use  a  common  expression  J 
the  disease  is  1  flying  about'  the  patient),  and  yet  the  poison  may  noti 
have  sufficient  potency  to  produce  an  attack  of  acute  inflammation,  until 
the  vitality  of  some  particular  organ  becomes  depressed  by  cold,  over  J 
exertion,  or  some  similar  influence,  which  would  not  have  itself  engen-l 
dered  the  diseased  action,  had  it  not  been  for  the  concurrence  of  the! 
morbid  condition  of  the  blood. — Thus  we  seem  justified  in  concluding] 
that,  whether  the  causes  of  Inflammation  act  directly  upon  the  tissues  o i 
•  a  part,  or  whether  they  act  upon  it  through  the  intermediation  of  thJ 
blood,  their  effect  is  to  produce  a  depression  in  its  vital  powers,  whicli 
manifests  itself  in  a  deficient  as  well  as  abnormally  directed  formativ\ 
activity,  and  in  an  increased  tendency  to  degeneration ;  and  that  this  ii 
one  of  the  primary  and  essential  conditions  of  Inflammation. 

373.  This  view  is  by  no  means  inconsistent  with  the  occurrence  oji 
other  manifestations  of  Inflammation  which  have  been  supposed  to  indij 
cate  'increased  action  ;'  and,  in  fact,  it  is  in  such  striking  accordance  wit 
the  phenomena  presented  by  the  movement  of  the  blood,  when  these  ar 
interpreted  by  the  principles  already  laid  down,  as  to  afford  a  powa 
confirmation  to  both  doctrines.    The  usual  condition  of  the  vessels  of  a 
inflamed  part,  is  one  of  dilatation ;  and  this  may  be  fairly  attributed 
the  lowered  vitality  of  their  walls,  whereby  they  yield  too  readily  tot 
distending  force  of  the  current  of  blood.    But  this  current  moves  t 
slowly  ;  and  its  retardation  may  gradually  increase,  in  the  part  mo 
intensely  inflamed,  to  the  point  of  complete  stagnation.  Now  this  alter 
rate  of  movement  cannot  be  attributed  to  any  general  cause  :  nor  can 
be  accounted-for  by  the  change  in  the  diameter  of  the  vessels  ;  for,  on  t 
one  hand,  it  may  occur  with  a  constricted  state  of  the  vessels,  wliil 
on  the  other,  in  the  vessels  surrounding  the  inflamed  part,  which  parta 
of  the  dilated  condition,  the  flow  of  blood  is  so  far  from  being  retarde 
that  it  usually  takes-place  more  rapidly  than  usual.  But  it  may  be  fair 
considered  as  the  result  of  the  lowered  or  suspended  nutritive  activity  : 
the  part,  which  will  tend  to  retard  or  entirely  check  the  motion  of  blo< 
in  the  systemic  capillaries,  just  as  the  want  of  aeration  retards  or  chec 
the  pulmonary  circulation  (§  265).  It  is  quite  true  that  a  larger  aniou 
of  blood  passes  through  a  limb,  of  which  some  part  is  in  a  state  of  acti" 
inflammation,  than  passes  through  the  corresponding  sound  limb ;  b 
this  is  far  from  indicating  '  increased  action  '  in  the  inflamed  part,  bei 
dependent  upon  the  ;iugmented  flow  of  blood  through  the  tissues  win 
surround  it;  and  if  the  whole  of  a  limb  be  in  a  state  of  inflammati 
passing  on  to  gangrene  (as  occurs  when  a  '  frost-bitten'  limb  has  b 
incautiously  warmed),  the  amount  of  blood  which  passes  through  it 
diminished. — It  would  be  just  as  erroneous  to  assume  the  elevated  te 
perature  of  an  inflamed  part  as  a  sign  of  '  increased  action'  in  it ; 

Erysipelas  first  attacks  the  seat  of  local  injury  in  men  with  unhealthy  blood.  Peril 
as  good  an  example  as  any,  is  afforded  by  the  uniform  limitation  of  the  lnflana i 
consequent  upon  the  introduction  of  "Vaccine  matter  into  the  blood,  to  tne  -p 
which  the  puncture  was  made  ;  notwithstanding  that  the  whole  mass  o i 
affected  by  it,  as  is  shown  by  its  incapacity  for  subsequently  developing  uic  i 
small-pox. — See  also  §  210. 
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is  elevation  is  no  doubt  attributable  in  part  to  the  augmented  flow  of 
x>d  through  the  surrounding  vessels  ;  and,  so  far  as  it  depends  upon 
al  changes,  it  obviously  indicates  a  more  rapid  disintegration  of  tissue, 
her  than  a  more  energetic  production  of  it ;  since  it  is  in  the  former 
i  te,  rather  than  in  the  latter,  that  the  conditions  of  the  development  of 
it  (on  the  chemical  theory)  are  supplied,  as  we  see  that  the  heat  of  a 
iscle  is  the  greatest  when  it  is  being  disintegrated  by  active  exercise, 
\  when  it  is  being  repaired  by  the  formation  of  new  tissue  in  the 
ervals  of  repose.   But,  as  Mr.  Paget  justly  remarks,  "  this  phenomenon 
..nvolved  in  the  same  difficulty  as  are  all  those  that  concern  the  local 
•iations  of  temperature  in  the  body ;  difficulties  which  the  doctrines  of 
{:  ;big,  however  good  for  the  general  production  of  heat,  are  quite  unable 
[explain."  (See  chap,  xii.) — And  lastly,  with  regard  to  the  unusual 
Lderness  of  inflamed  parts,  this  is  obviously  due  to  such  a  combination 
t  jauses,  neither  of  which  can  be  legitimately  held  to  indicate  an  increase 
Uts  proper  vital  activity,  that  nothing  can  be  rested  on  this  alone; 
i  ecially  as  we  see  an  augmentation  in  the  susceptibility  of  the  sentient 
ves,  under  many  circumstances  (as  in  hysterical  disorders),  in  which, 
'  from  an  augmented,  there  is  obviously  a  diminished  activity  in  the 
I  ts  from  which  they  spring. — That  neither  an  alteration  in  the  circula- 
j  i  of"  a  part,  nor  a  departure  from  the  normal  condition  of  its  nervous 
ply,  can  be  regarded  as  one  of  the  essential  phenomena  of  inflamma- 
j  ,  is  obvious  from  this,  that  the  most  important  phenomena  of  inflam- 
,  ion  may  present  themselves,  as  results  of  injury  or  disease,  in  parts 
have  neither  blood-vessels  nor  nerves  :  this  is  seen  in  the  deposition 
j  rraph  in  the  cornea,  in  the  ulceration  of  the  cornea  and  of  articular 
r.'.ilages,  and  in  other  morbid  actions  in  these  parts,  which,  if  ever 
t .  are  vascular,  become  so  only  after  the  effusion  of  lymph  in  them, 
|?aew  vessels  being  formed  in  this  lymph,  and  not  in  the  tissues  them- 
1. 53.    Here  it  is  obvious  that  the  whole  change  consists  in  a  perversion 
e  nutritive  actions  which  the  tissues  ought  to  carry-on  at  the  ex- 
e  of  the  materials  which  they  draw  from  the  blood  of  the  surround- 
■  t vessels. 

t?4.  Of  the  alterations  in  the  condition  of  the  Blood  in  Inflammation, 
r  ecount  has  already  been  given  (§  197);  and  it  is  here  only  neces- 
{  to  recapitulate  them.    The  most  characteristic  is  the  augmentation, 
I  r  of  the  organizable  or  plastic  fibrin,  or  of  the  organized  colourless 
•  TMscles;  the  increased  production  of  these  two  components  seeming  to 
I  in  some  degree  a  relation  of  reciprocity,  the  one  to  the  other.  The 
%:ase  of  Fibrin  may  be  considered  as  the  alteration  most  characteristic 
I oreviously-heal thy  and  vigorous  state  of  the  system;  and  it  is  in 
|  nflammations  which  occur  in  such  subjects,  that  the  effusions  are 
|  strongly  disposed  to  become  organized,  and  show  the  least  tendency 
|  dergo  degenerative  changes.    On  the  other  hand,  the  increase  of 
orpuscular  element  seems  to  occur  in  cachectic  or  otherwise  un- 
t  iy  individuals ;  and  the  inflammatory  effusions  which  partake  of 
b  I:  irae  character,  are  far  less  plastic  originally,  and  are  extremely 
u  H ■  '■  to  undergo  degeneration,  either  at  the  time  of  their  effusion,  or 
A  quently.  With  this  increase  in  the  proportion  of  fibrin  and  colour - 
'  orpuscles,  separately  or  in  combination,  there  is  a  diminution  in  the 
P !  -rtion  of  the  red  corpuscles,  albumen,  and  salts  of  the  blood.  None 
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of  these  changes,  however,  can  be  legitimately  regarded  as  originally  o 
essentially  characteristic  of  the  inflammatory  condition ;  they  are  in 
fact,  to  be  looked-on  rather  as  the  results  of  its  establishment 


con- 


stituting that  series  of  alterations  in  the  circulating  fluid,  which  n 
parallel  order  to  that  which  occurs  in  the  solid  tissues  wherein  the  in- 
flammatory action  has  been  set-up. 

375.  The  Inflammatory  state  is  further  characterized  by  the  effum 
and  local  production  of  certain  of  the  components  of  the  Blood  eithe 

upon  the  surface,  or  into  the  substance,  of  the  inflamed  tissues.  Th 

effusion  of  pure  serum  cannot  be  regarded  as  characteristic  of  inflamma 
tion  ;  since  it  may  take-place  as  a  mere  result  of  congestion,  especial! 
when  this  congestion  is  due  to  an  obstruction  to  the  return  of  the  blood 
whilst,  again,  it  may  be  due  to  an  altered  condition  of  the  albumino 
constituent  of  the  blood,  which  favours  its  transudation  (§  194^ 
so-called  serous  effusions  which  are  poured-forth  in  inflammation,  do  i 
reality  contain  fibrin  in  solution  ;*  but  this  fibrin  may  not  manifest  ii 
presence  by  spontaneous  coagulation,  until  its  passage  into  the  solid  stai 
is  favoured  by  the  introduction  of  a  piece  of  the  washed  clot  of  blood,  o 
of  the  buffy  coat,  or  of  muscle  or  some  other  animal  tissue,  which  see 
to  act  as  a  sort  of  nucleus  of  fibrillation.  The  presence  even  of  fibrin 
such  an  effusion,  however,  is  not  in  itself  a  sufficient  proof  of  the  existen 
of  inflammation ;  for  it  has  been  shown  by  the  experiments  of  M 
Robinson,-!-  tnat  wnen  *ne  obstruction  to  the  return  of  blood  by  the  vei 
is  so  great  as  to  occasion  an  excessive  pressure  within  the  capillaries, 
fluid  which  transudes  may  contain  enough  fibrin  to  render  it  spontaneo 
coagulable. — The  locally-developed  material  which  is  most  characterist 
of  Inflammation,  is  that  which  is  known  as  coagulable  lymph ;  it  is  mm 
to  be  desired,  however,  that  some  other  designation  should  be  applied 
it,  since  the  term  '  lymph'  can  only  be  appropriately  employed  for 
fluid  contents  of  the  lymphatic  vessels.  The  peculiar  characteristic 
this  inflammatory  product,  is  its  capability  of  spontaneously  passing 
the»condition  of  an  organized  tissue,  either  fibrous  or  cellular,  or  a  mi 
ture  of  both  ;  and  of  thus  forming  1  false  membranes'  on  inflamed  surfaci 
or  solidifying  the  inflamed  part  by  the  interstitial  production  of  sim 
lowly-organized  textures.  Although  it  has  been  too  much  the  habit  ft 
Pathologists,  to  speak  of  '  coagulable'  or  '  plastic  lymph'  as  if  it  w< 
always  one  and  the  same  thing,  yet  it  really  presents  various  gradatif 
of  character,  which  are  manifested  in  its  different  degrees  of  organizabili 
and  in  the  diverse  nature  of  the  tissues  developed  from  it ;  and,  as 
Paget  has  pointed  out,  \  there  are  two  typical  forms,  the  fibrinous,  and 
corpuscular,  between  which  the  others  are  intermediate.  The  for 
coagulates  into  a  fibrous  clot,  resembling  that  of  healthy  blood, 
usually  showing  a  more  distinct  fibrillation.  The  latter  (the  'croup 
exudation  of  Rokitansky)  is  characterized  by  the  want  of  any  pro 
coagulation,  the  fibrous  clot  being  replaced  by  an  aggregation  of  ce 
which  in  their  first  appearance  resemble  very  nearly  the  primordial  c 
dition  of  the  corpuscles  of  the  fluids  of  the  absorbent  vessels,  and 
colourless  corpuscles  of  the  blood.    It  is  seldom,  however,  that  eithe 

*  This  is  denied  by  Virchow  ("Cellular  Pathology,"  p.  392). 
f  "  Medico- Chirurgioal  Transactions,"  vol.  xxvi.  p.  51. 
%  "  Lectures  on  Surgical  Pathology,"  vol.  i.  p.  332. 
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*3se  typical  forms  of  lymph  presents  itself  in  a  state  of  complete  isola- 
n  from  the  other ;  they  are  much  more  commonly  blended  in  various 
^portions,  so  that  one  or  the  other  predominates ;  and  it  is  mainly 
on  the  preponderance  of  fibrin,  that  the  '  plasticity'  of  the  fluid  (or 
capacity  for  organization)  depends ;  whilst  according  to  the  prepon- 
•ance  of  corpuscles,  will  be  its  tendency  to  degeneration.    Thtis  the 
I  idation  of  fibrinous  lymph  is  the  symbol  of  the  '  adhesive'  inflamma- 
u;  whilst  that  of  the  'corpuscular'  is  similarly  characteristic  of  the 
i  ippurative'  inflammation. 

}76.  It  is  obviously  of  great  consequence  to  ascertain  the  conditions 
[  ich  determine  the  production  of  one  or  other  of  these  states  ;  and 
i  se,  as  Mr.  Paget  has  remarked  (loc.  cit.),  may  be  considered  under 
|.ee  heads, — (1)  the  previous  state  of  the  blood,  (2)  the  seat  of  the 
I  animation,  and  (3)  the  degree  and  character  of  the  inflammation. 
I  e  condition  of  the  blood,  as  determining  that  of  the  lymph,  has  been 

■  efully  studied  by  Rokitansky,  who  has  shown  that  the  characters  of 
ammatory  deposits  in  different  diatheses,  correspond  very  generally 

1  I  closely  with  those  of  the  coagula  found  in  the  heart  and  pulmonary 
|  sels  after  death.  The  results  of  Mr.  Paget's  experiments  on  the  same 
I  ject  have  been  already  cited  (§  216).    And  clinical  observation  fully 

■  firms  this  doctrine  by  evidence  of  another  kind ;  that,  namely,  which 
t  forded  by  the  different  course  of  the  same  specific  disease,  in  different 

viduals,  according  to  the  previously  healthy  or  abnormal  condition 
leir  blood.  There  can  be  no  doubt  that  a  very  large  proportion  of 
t  are  called  '  unhealthy  inflammations,'  especially  those  of  the  erysi- 

I  tons  type,  are  to  be  regarded  as  owing  their  peculiarity  to  a  defi- 
j*  cy  in  the  due  elaboration  of  the  fibrin,  and  to  the  low  vitality  of  the 

I.  liar  components  of  the  blood ;  both  of  which  conditions  seem  to  be 
y  ured  by  the  presence  of  those  decomposing  matters,  whose  accumu- 
S  'D  in  the  blood  acts  in  many  ways  so  prejudicially  on  the  system  at 
>.* — That  the  quality  of  the  local  product  is  in  some  degree  deter - 
li  ?d  by  the  seat  or  tissue  in  which  the  Inflammation  occurs,  appears 
bI'i  the  different  character  of  the  products  of  the  disordered  actions 
j  occur  simultaneously  in  different  organs  of  the  same  individual,  and 

I I  rently  under  the  operation  of  the  same  cause ;  thus  it  may  happen 
i  I  m  pleuro-pneumonia,  the  two  surfaces  of  the  pleura  become  con- 

1 2d  by  an  organized  material  of  a  fibrous  character ;  whilst  the 
i  ion  in  the  substance  of  the  lung  is  rather  of  the  corpuscular  nature, 
*  speedily  passes  into  suppurative  degeneration.     Mr.  Paget  ingeni- 
l  T  proposes  to  account  for  the  determining  influence  in  question,  on 
I  dea  that  the  inflammatory  product  is  influenced  at  the  time  of  its 
1  ation  by  the  assimilative  force  of  each  part,  so  that  it  is  to  be 
s*l  "ded  as  a  mixture  of  true  lymph  with  its  special  product  of  assimi- 
1 1 ;  thus  we  observe  that  in  inflammation  of  bone  the  lymph  usually 
A.  es,  in  that  of  ligaments  it  is  converted  into  a  tough  ligamentous 
I  J,  and  in  that  of  secreting  organs  it  contains  a  mixture  of  the 
I  arily  secreted  product. — The  mode  in  which  the  intensity  of  the 
f  nmation  affects  the  character  of  the  effused  lymph,  is  twofold.  For, 
J  2  first  place,  the  nature  of  the  original  effusion  is  likely  to  vary 

'  f<l  m       Kr0°ke  Gallwey's  papers  on  '  Unhealthy  Inflammation,'  in  the  "  Lancet" 
19  oO,  and  the  "  Medical  Gazette"  for  1850-51. 
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according  to  the  degree  in  which  the  ordinary  nutritive  process  is  intl 
rupted ;  since,  the  more  intense  the  inflammation,  the  less  will  be  I 
assimilating  force  of  the  part,  and  the  more  will  the  matters  effused  frl 
the  vessels  deviate  from  the  natural  plasma  which  would  be  drawn  frf 
them  in  healthy  nutrition ;  whilst  on  the  other  hand,  when  the  inflal 
mation  is  less  severe,  its  product  will  not  dilfer  so  widely  from  I 
natural  one,  and  will  from  the  first  tend  to  manifest  in  its  developr 
some  characters  corresponding  to  those  of  the  natural  formations  of 
part.    But,  secondly,  the  influence  of  the  inflammation,  or  rather  of 
depressed  vitality  of  the  inflamed  tissues,  is  shown  in  the  tendenc 
degeneration  which  it  impresses  on  the  locally-developed  product  • 
that,  even  though  this  may  be  disposed  to  pass-on  under  favourable  i 
cumstances  to  the  complete  formation  of  an  organized  tissue,  its  de 
lopment  is  early  checked,  and  it  undergoes  retrograde  metamorpho, 
or  else,  from  the  very  commencement,  its  development  takes  place 
cording  to  a  lower  or  degraded  type.    The  normal  product  of 
organization  of  either  fibrinous  or  corpuscular  lymph,  is  undoubtq 
a  tissue  closely  allied  to  the  ordinary  areolar  or  connective ;  it  is  of 
that  false  membranes  and  adhesions  are  formed,  and  that  the  mata 
of  most  thickenings  and  indurations  of  parts  is  composed;*  and  it  is! 
the  production  of  this  tissue  also,  that  losses  of  substance  are  in  the  j 
instance  repaired,  and  that  divided  surfaces  are  made  to  adhere.  Varj 
kinds  of  degeneration  may  subsequently  take  place  in  any  of  these  jj 
ducts,  according  to  the  stage  at  which  the  developmental  procesj 
checked ;  and  among  these,  in  tissues  which  have  once  attained  anji 
vanced  stage  of  development,  the  most  common  is  the  fatty. 

377.  But  one  of  the  most  frequent  results  of  the  inflammatory  prcl 
is  the  formation  of  Pus :  and  M.  Cohnheimj  has  recently  endeavoilc 
to  show  that  the  Corpuscles,  which  constitute  so  large  a  proportion 
this  fluid,  proceed  from  the  metamorphosis  of  the  white  corpusclji 
the  blood,  which,  as  an  immediate  result  of  the  stasis  and  increj; 
pressure  of  the  blood  that  accompany  inflammation,  emigrate  thru' 
minute  apertures  in  the  walls  of  the  finest  vessels.    The  colon! 
corpuscles  at  first  accumulate  in  the  plasma,  or  quiescent  layer  on 
vessels,  where  they  either  remain  stationary  or  slowly  oscillate, 
little  while  small  colourless  projections  are  seen  on  the  outer  sua 
of  the  vascular  coat.    These  subsequently  become  pyriform,  and  j 
mately  detach  themselves  from  the  vessels,  appearing  as  colourless 
tractile  amoeboid  corpuscles,  with  one  or  several  nuclei ;  the  \ 
process  being  accomplished  in  from  one  to  two  hours.  Virchow,  oi 
other  hand,  and  his  school,  attribute  the  formation  of  pus  eel 
the  multiplication  of  epithelial  cells,  or  of  connective  tissue  corpu 
In  some  instances  the  puriform  fluid  appears  as  a  discharge  on  the 
face  of  the  membrane,  as  of  the  Urethra  in  Gonorrhoea,  or  of  the 
junctiva  in  Purulent  Ophthalmia  ;  in  others  it  appears  in  the  subs 
and  between  the  ultimate  textural  components  of  the  tissues  them* 

*  The  Author  is  much  disposed,  however,  to  agree  with  Dr.  Handfield  Jon 
believing  that  a  chronic  'fibroid  degeneration,'  resulting  from  the  substitu t 
lowly-organized  fibrous  tissue  for  the  proper  texture  of  the  part,  may  WW  p  H 
•tubercular  degeneration'  (§  421),  without  the  occurrence  of  Inflammation,  pr"n 
called.    See  "  Brit,  and  For.  Med.-Chir.  Kev.,"  vol.  xiii.  pp.  343-349. 

t  Virchow's  "  Archiv,"  1867,  Bd.  xl.  Heft  i.  p.  1. 
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d  then  constitutes  an  abscess.    "When  the  discharge  from  the  surface 
accompanied  by  softening  and  breaking-down  of  the  subjacent  tissues, 
ulcer  is  produced ;  but  whether  the  disintegrating  tissues  are  entirely 
moved  by  absorption  (having  previously  undergone  that  degenerative 
ftening  which  is  requisite  for  the  occurrence  of  this  process),  or 
lether  they  are  broken-up  and  dissolved  in  the  purulent  fluid,  is  a 
int  not  yet  determined.    The  conservative  nature  of  the  fibrinous 
udation,  and  the  consequent  importance  of  fibrin  as  an  element  of  it, 
9  well  shown  by  the  resiilts  of  its  deficiency.    Thus  if  there  be  no 
ic'  formed  around  a  collection  of  pus,  this  fluid  infiltrates  through  the 
sues,  and  by  its  mere  presence  so  impairs  their  nutrition,  that  a  cor- 
jponding  degradation  takes  place  in  the  characters  of  the  plastic 
tterial  furnished  for  their  assimilation  ;  and  hence  the  purulent  effu- 
-n  spreads  without  limit,  and  the  tissues  through  which  it  percolates 
dergo  rapid  degeneration.    So,  again,  when  gangrene  is  spreading 
contiguity  (the  proximity  of  the  dead  tissue  tending  to  lower  the 
ality,  and  even  to  occasion  the  death,  of  that  with  which  it  is  con- 
uous),  it  is  only  when  an  inflammatory  '  reaction'  occurs,  or  in  other 
;  rds,  when  a  development  of  fibrinous  lymph  takes  place  in  the  sub- 
ace  of  the  tissues  bordering  on  those  which  have  lost  their  vitality, 
t  a  line  of  demarcation  between  the  dead  and  the  living  parts  is 
med.    And  generally  it  may  be  said,  that,  as  the  ultimate  tendency 
I  .nflainmation  is  to  produce  the  disintegration  of  the  part,  the  ulti- 
jj  te  tendency  of  the  fibrinous  material  developed  is  to  keep  its  elements 
l  ather,  and  to  repair  the  losses  which  have  taken  place,  although  with 
V  2ry  inferior  material. — It  is  only,  however,  with  the  subsidence  of 
inflammation,  and  the  return  to  the  ordinary  type  of  nutrition,  that 
highest  development  of  the  lymph  can  take  place ;  and  it  is  in  pro- 
l.Aon  as  this  occurs  more  speedily,  that  the  recovery  of  the  organiza- 
I.  proper  to  the  part  is  more  completely  effected.* 
f  78.  In  persons  of  that  peculiar  constitution,  which  is  termed  Scro- 

I  us  or  Strumous,  we  find  an  imperfectly-organizable  or  cacoplastic 
j  rait,  or  even  an  altogether  aplastic  product,  known  by  the  designa- 

I I  of  Tubercular  matter,  frequently  taking  the  place  of  the  normal 
I  tents  of  tissue;  both  in  the  ordinary  process  of  Nutrition,  and  still 
j  e  when  Inflammation  is  set-up.  From  an  examination  of  the  Blood 
I  iberculous  subjects,  it  appears  that  although  the  bulk  of  the  coa- 
1  im  obtained  by  stirring  or  beating  it  is  usually  greater  than 

of  healthy  blood,  yet  this  coagulum  is  not  composed  of  well- 
I  orated  Fibrin;  for  it  is  soft  and  loose,  and  contains  an  unusually- 
1 2  number  of  Colourless  corpuscles,  whilst  the  Eed  corpuscles  form 
lho^"tnor  has  pleasure  in  referring  to  Mr.  Paget's  "Lectures  on  Surgical 
I  n°^V  aS  conta'ninS.  in  his  opinion,  the  best  exposition  of  the  subject  of 

I  ""mtl.on  yet  made  public  ;  and  in  acknowledging  his  obligations  to  them  for  much 
I  utrT  ln  ii  i  °rt  V'CW  °f  '*  given  above.— The  fundamental  doctrines  on  which 
I  I  '.ul  y tlle  S^atest  stress,  however,  arc  the  same  in  all  essential  par- 
"  with  those  which  he  taught  in  the  earlier  editions  of  this  Treatise.    An  ex- 
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an  abnormally-small  proportion  of  it.    We  can  understand,  therefore 
that  such  a  constant  deficiency  in  plasticity  must  affect  the  ordinary 
nutritive  process;  and  that  there  will  be  a  liability  to  the  deposit  of  I 
cacoplastic  products,  instead  of  the  normal  elements  of  tissue,  even  with-  j 
out  inflammation.    Such  appears  to  be  the  history  of  the  formation  of  I 
Tubercles  in  the  lungs  and  other  organs,  when  it  occurs  as  a  kind  of  I 
metamorphosis  of  the  ordinary  Nutritive  process;  and  in  this  manner! 
it  may  proceed  insidiously  for  a  long  period,  so  that  a  large  part  of  thej: 
tissue  of  the  lungs  shall  be  replaced  by  tubercular  deposit,  without  any! 
other  ostensible  sign  than  an  increasing  difficulty  of  respiration.    In  thef 
different  forms  of  tubercular  deposit,  we   see  the  gradation  mostj 
strikingly  displayed  between  the  plastic  and  the  aplastic  formations.  InE 
the  semi-transparent,  miliary,  grey,  and  tough  yellow  forms  of  Tubercle! 
we  find  traces  of  organization  in  the  form  of  cells  and  fibres,  more  orj 
less  obvious ;  these  being  sometimes  almost  as  perfectly  formed  as  those! 
of  plastic  lymph,  at  least  on  the  superficial  part  of  the  deposit,  which  is! 
in  immediate  relation  with  the  living  structures  around ;  whilst  theyj 
may  be  so  degenerated,  as  scarcely  to   be  distinguishable.    In  noj 
instances  do  such  deposits  ever  undergo  further  organization ;  ana 
therefore  they  must  be  regarded  as  cacoplastic.    The  researches  of  Gul-j 
liver*  originally  proved  that  crude  or  yellow  tubercle,  though  ofterf 
originating  in  or  connected  with  cells,  which  appear  in  recent  or  miliar}! 
deposits,  is  really  not  cellular,  but  chiefly  granular  or  molecular! 
entirely  devoid  from  the  beginning  of  any  plastic  force,  as  "  even  its  prij: 
mitive  cells  can  only  retrograde  and  degenerate."    These  degenerating) 
cells  he  has  depicted  in  crude  tubercle  amid  the  mass  of  granular  ani 
amorphous  matter.    The  larger  the  proportion  of  this  kind  of  matteji 
in  a  tubercular  deposit,  the  more  is  it  prone  to  soften ;  whilst  the  semil 
organized  tubercle  has  more  tendency  to  contraction. — Thus  it  may  noi 
be  held  as  established  with  certainty  that  Tubercular  matter  is  alwayj 
even  in  its  most  amorphous  state,  a  product  of  cell-formation  ;  and  tha 
the  difference  between  the  amount  of  organization  which  its  sever* 
forms  present,  is  due  rather  to  a  variation  in  the  degree  of  its  sua- 
sequent  degeneration,  than  to  an  original   diversity  in  histologic*  , 
condition. j" 

379.  But  although  Tubercular  matter  may  be  slowly  and  insj- 

*  Appendix  to  the  English  version  of  Gerber's  "  Anat.,"  8vo,  Lond.,  1842,  pp.  | 
et  seq.,  Figs  252,  253,  254,  255,  270. 

t  "  See  Mr.  Paget  in  the  "  Pathological  Catalogue  of  the  Hunterian^  Museiml 
vol.  i.  p.  134 ;  also  Dr.  Madden's  "  Thorghts  on  Pulmonary  Consumption."  The  sil 
ject  of  the  nature  and  affinities  of  Tubercle  will  be  found  interestingly  given  by  W 
Southey,  in  the  1  Gulstonian  Lectures'  for  1867  ;  and  the  question  of  its  inoculabill. 
has  been  the  topic  of  discussion  in  the  Parisian  Academy  of  Medicine  for  nearly  f 
years  past.  Although  it  can  be  scarcely  said  that  any  definite  conclusion  can 
drawn,  the  preponderating  opinion  appears  to  be  in  favour  of  its  inoculabihty,  es 
cially  in  rabbits,  as  stated  in  the  first  instance  by  M.  Villemin.  It  is  cer tain  j. 
small  particles  of  tuberculous  matter  introduced  beneath  the  skin  of  these  an i  . 
gradually  travel  along  the  lymphatics,  affect  the  glands,  and  thence  become  dws  i 
nated  through  the  body  :  but  rabbits  appear  to  be  very  liable  to  tubercular  inna  ^ 
tion,  and  it  has  been  found  that  many  other  materials  besides  tubercle  WDW 
introduced  lead  to  the  formation  of  tubercle,  or  masses  which  cannot  be  ctisi  ng  ~ 
from  tubercle.  Experiments  on  other  animals,  though  sometimes  successi  , 
been  upon  the  whole  less  satisfactory. 
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liously  deposited,  by  a  kind  of  degradation  of  the  ordinary  Nutritive 
>rocess,  yet  it  cannot  be  doubted  that  Inflammation  has  a  great  ten- 
ancy to  favour  it ;  so  that  a  larger  quantity  may  be  produced  in  the 
ones,  after  a  Pneumonia  has  existed  for  a  day  or  two,  than  it  would 
ave  required  years  to  generate  in  the  previous  mode.     But  the 
haracter  of  the  deposit  still  remains  the  same ;  and  its  relation  to  the 
lastic  element  of  the  blood  is  shown  by  the  interesting  fact,  of  no  nn- 
requent  occurrence, — that,  in  a  Pneumonia  affecting  a  tuberculous 
ubjeet,  plastic  lymph  is  often  thrown  out  in  one  part,  whilst  tubercular 
latter  is  deposited  in  another.    Now  Inflammation,  producing  a  rapid 
eposition  of  tubercular  matter,  is  peculiarly  liable  to  arise  in  organs 
hich  have  been  previously  affected  with  chronic  tubercular  deposits  by 
a  impairment  of  the  process  of  textural  Nutrition  ;  for  these  deposits, 
ztmg  like  foreign  bodies,  may  of  themselves  become  sources  of  irri- 
ition ;    and  the  perversion  of  the  structure  and  functions  of  the 
art  renders  it  peculiarly  susceptible  of  the  influence  of  external 
riorbific  causes. 

380.  We  frequently  meet  with  abnormal  growths  of  a  Fatty,  Cartila- 
nous,  Fibrous,  or  even  Bony  structure ;  which  result  from  the  deve- 
ipment  of  these  tissues  in  unusual  situations,  and  appear  to  originate 
'.some  perverted  action  of  the  parts  themselves  (§§  355,  376  note). — But 
lere  is  another  remarkable  form  of  disordered  Nutrition,  which  is  con- 
•rned  in  producing  what  have  been  termed  heterologous  growths — 
iat  is,  masses  of  tissue  that  differ  in  character  from  any  which  is  nor- 
ally  present  in  the  body.   Most  of  these  are  included  under  the  general 
Lisignation  of  Cancerous  or  Fungous  structures ;  and  it  has  been  shown 
t  M  tiller  and  succeeding  inquirers,  that  the  new  growth  consists  of  a 
-ass  of  cells;  which,  like  the  Vegetable  Fungi,  develope  themselves 
hith  great  rapidity;  and  which  destroy  the  surrounding  tissues  by 
I :  eir  pressure,  as  well  as  by  abstracting  from  the  Blood  the  nourish- 
;  snt  which  was  destined  for  them.    These  parasitic  masses  have  a 
r  mpletely  independent  power  of  growth  and  reproduction;  and  some 
nds  of  them  can  be  propagated  by  inoculation,  which  conveys  into  the 
I  l  sues  of  the  animal  operated-on,  the  germs  of  the  peculiar  cells  that 
|  nstitute  the  morbid  growth,  these  soon  developing  themselves  into  a 
;w  mass.    So  it  may  be  by  the  diffusion  of  the  germs  produced  in  one 
rt,  through  the  whole  fabric,  by  means  of  the  circulating  current, 
at  the  tendency  to  re-appearance  (which  is  one  great  feature  in  the 
I  ilignant  character  of  these  diseases)  is  occasioned.    But  it  would  seem 
I  ore  probable,  that  this  character  rather  depends  upon  the  presence  of 
j  morbid  matter  in  the  blood,  of  which  the  formation  of  the  Cancerous 
sue  is  only  the  manifestation  (§  328  note) ;  the  local  disease  thus 
l  ing  the  consequence  of  a  constitutional  cachexia,  rather  than  the  con- 
I  tutional  affection  the  result  of  the  local  disease* 

|  *  See  Dr.  Walshe  on  "The  Nature  and  Treatment  of  Cancer;"  Mr.  Simon's 
I  general  Pathology,"  Lect.  viii. ;  and  Mr.  Paget's  "  Lectures  on  Surgical  Pathology," 
I  •     Iject.  xiv. 
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CHAPTER  XI. 

OF    SECRETION    AND  EXCRETION. 

1.  Of  Secretion  in  General. 

381.  TnE  literal  meaning  of  the  term  Secretion  is  separation ;  and  thi 
is  nearly  its  true  acceptation  in  Physiology.  But  the  ordinary  processe 
of  Nutrition  involve  a  separation  of  certain  of  the  components  of  th 
Blood,  which  are  withdrawn  from  it  by  the  appropriating  power  of  th 
solid  textures;  and  every  such  removal  may  be  considered  in  the  light  o 
an  act  of  excretion,  so  far  as  the  blood  and  the  rest  of  the  organism  ar 
concerned  (§  217).  Moreover,  the  separation  of  certain  matters  from  th 
blood  in  a  fluid  state,  either  for  the  purpose  of  being  cast-forth  from  th 
body,  or  of  being  employed  for  some  special  purpose  within  it,  wide 
constitutes  what  is  ordinarily  known  as  Secretion,  is  effected  by  a 
instrumentality  of  the  same  nature  with  that  whose  operation  constitu 
an  essential  part  of  the  nutritive  process — namely,  the  production  an 
subsequent  agency  of  cells.  Hence  there  is  no  other  fundamental  dif- 
ference between  the  two  processes,  than  such  as  arises  out  of  the  diverse 
destinations  of  the  separated  matters,  and  from  the  anatomical  arrange 
ments  whicli  respectively  minister  to  these .  For  the  products  of  th 
Secreting  action  are  all  poured-forth,  either  upon  the  external  surface  cj 
the  body,  or  upon  the  lining  of  some  of  the  cavities  which  communicat 
with  it ;  and  the  cells  by  which  they  are  separated  from  the  blood,  usuallj 
stand  in  the  relation  of  epithelium-cells  to  those  prolongations  of  thl 
skin  or  of  mucous  membranes,  that  form  the  follicles  or  extended  tubuj 
of  which  the  Glandular  organs  are  for  the  most  part  composed  (Figs.  12  J 
131).  The  act  of  Secretion  appears  to  consist,  in  some  cases,  in  the  sucj 
cessive  production  and  exuviation  of  the  cells  which  minister  to  it,  thea 
cells  giving-up,  by  rupture  or  deliquescence,  the  substances  which  thet 
have  eliminated  from  the  blood  ;  such,  for  example,  appears  to  be  thl 
mode  of  separation  of  the  Sebaceous  secretion  of  the  skin,  of  the  Mucoij 
secretion  of  mucous  membranes,  of  the  secretion  of  Milk,  and  perhaij 
also  of  the  Biliary  secretion.  On  the  other  hand,  there  can  be  litti 
question  that  those  more  liquid  secretions,  in  which  there  is  either  vert 
little  solid  matter  (as  is  the  case  with  the  Cutaneous  transpiration  ant. 
the  Lachrymal  fluid),  or  in  which  the  solids,  though  in  larger  amount 
are  in  a  state  of  such  perfect  solution  as  to  be  capable  of  easy  transudation 
(as  is  the  case  with  the  Urine),  are  not  formed  in  this  mode ;  sinf 
neither  are  exuviated  cells  normally  found  in  the  secreted  fluids,  nor  cf 
the  epithelial  cells  lining  the  glandular  tubes  or  follicles  present  mdicj 
tions  of  being  in  a  state  of  continual  change.  Still,  even  in  these  easel 
it  seems  fair  to  conclude  that  the  selective  powers  of  the  gland-cells  aj 
employed  in  drawing  from  the  blood,  on  one  side,  the  special  producl 
which  are  to  be  set-free  by  transudation  on  the  other.  Each  group 
cells  is  thus  adapted  to  separate  a  product  of  some  particular  kind,  w  " 
constitutes  its  special  pabulum ;  and  the  rate  of  its  production  seenis 
depend,  ceteris  paribus,  upon  the  amount  of  that  pabulum  supphe 
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e  circulating  fluid.   The  substances  at  the  expense  of  which  the  secreting 
lis  "row,  however,  may  not  be  precisely  those  which  are  subsequently 
t-forth  ;  for  it  is  very  probable  that  some  of  them,  at  least,  undergo 
certaiu  degree  of  chemical  transformation  by  the  agency  of  these  cells ; 
be  characteristic  materials  of  the  several  secretions  not  being  always 
)und  to  pre-exist  as  siich  in  the  blood. 

382.  A  distinction  may  be  drawn  as  regards  this  point,  between  those 
flxcpetions,  the  retention  of  whose  materials  in  the  Blood  would  be 
iositively  injurious,  and  those  Secretions,  which  are  destined  for  particular 
imposes  within  the  system,  and  the  suspension  of  which  has  no  immediate 
nrluence  on  any  other  functions  than  those  for  which  they  are  respectively 
estined.  The  solid  matter  dissolved  in  the  fluids  of  the  latter  class,  is 
ittle  else  than  a  portion  of  the  nutritive  constituents  of  the  Blood ;  either 

0  little  altered  as  still  to  retain  its  nutritive  character,  as  is  the  case  with 
be  casein  of  Milk,  and  with  the  albuminous  constituent  of  the  Serous 
aid  of  areolar  tissue  and  of  serous  and  synovial  membranes;  or  in  a 
tate  of  incipient  retrograde  metamorphosis,  as  seems  to  be  the  case  with 
ie  peculiar  '  ferments'  of  the  salivary,  gastric,  pancreatic,  and  intestinal 
acretions.    On  the  other  hand,  the  characteristic  ingredients  of  the 
Excretions  are  very  different  in  character  from  the  normal  elements  of 
he  blood.    They  are  all  of  them  completely  unorganizable ;  and  they 
ossess  for  the  most  part,  a  simple  atomic  constitution.    Some  of  them 
Iso,  have  a  tendency  to  assume  a  crystalline  form ;  which,  as  Dr.  Prout 
istly  remarked,  indicates  their  unfitness  to  enter  into  the  composition  of 
rganized  tissues.    With  regard  to  some  of  the  chief  of  these,  there  is 
itficient  evidence  of  their  existence,  in  small  quantity,  in  the  circulating 
•lood ;  but  it  is  also  clear  that  they  exist  there  as  products  of  decomr 
osition,  and  that  they  are  destined  to  be  separated  from  it  as  speedily  as 

possible.  If  their  separation  be  prevented,  they  accumulate,  and  commu- 
icate  to  the  circulating  fluid  a  positively  deleterious  character.  Of  this, 
e  have  already  seen  a  striking  example  in  the  case  of  Asphyxia  (§  319)  ; 
j  id  the  history  of  the  other  two  principal  excretions,  the  Bile  and  Urine, 
[  ill  furnish  evidence  to  the  same  effect. — As  a  general  fact,  then,  it  may 
3  affirmed,  that  the  materials  of  the  proper  Excretions  pre-exist  in  the 

1  lood,  in  a  state  nearly  resembling  that  in  which  they  are  thrown-off  by 
!'  e  secreting  organs ;  and  that,  as  their  presence  there  is  the  result  of 
I'-.e  destructive  changes  that  have  taken  place  in  the  system,  they  cannot 
1 2  retained  in  it  without  injury  :  but  that  the  materials  of  those  Secre- 
lons  which  are  destined  to  perform  some  particular  function  within  the 
f  ;onomy,  are  derived  from  the  nutritive  substances  which  are  appro- 
I  'iated  to  its  general  purposes. 

<j83.  Notwithstanding  that,  under  ordinary  circumstances,  the  several 
|  trts  of  the  Excretory  apparatus  are  limited,  each  to  its  own  special  func- 
J  )rb  we  find  that  there  are  certain  complementary  relations  between 
|  em,  which  makes  the  action  of  one  vicarious  to  a  certain  extent  with 
I  at  of  another.  Such  a  relation  seems  to  exist,  for  instance,  between 
I  e  Lungs  on  one  side,  and  the  Liver  and  Intestinal  glandulas  on  the 
I,-?*'  .*°r>  tne  more  active  the  respiration,  the  less  bile  is  secreted; 
I  h  h  resPiration  be  lowered  in  amount  by  inactivity  of  body  and 
I  |8h  external  temperature,  a  larger  proportion  of  unoxidized  or  im- 
I  r  ectly_°xidized  excrementitious  matters  accumulates  in  the  blood, 
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giving  rise  to  that  augmented  production  both  of  the  biliary  and  of  the 
faecal  excretions,  which  constitutes  diarrhoea.*  And  thus,  on  the  other 
hand,  when  the  liver  is  not  adequately  effecting  the  depuration  of  the 
blood  from  the  constituents  of  bile,  an  augmentation  of  the  respiration 

by  active  exercise  in  a  low  temperature  gives  most  effectual  relief.  

Still  more  obviously  vicarious,  however,  are  the  Kidneys  and  the  Skin ; 
for  here  we  find  that  not  only  do  the  kidneys  allow  the  transudation  of 
whatever  superfluous  Avater  may  remain  in  the  circulating  current,  after 
a  sufficient  amount  has  been  exhaled  from  the  skin  to  keep-down  the 
temperature  of  the  body  to  its  normal  standard,  but  the  skin  actually 
assists  in  the  elimination  of  one  of  those  products  of  the  metamorphosis 
of  the  azotized  tissues,  the  removal  of  which  has  been  until  recently  con- 
sidered as  the  special  function  of  the  kidney.  Consequently,  whenever 
the  due  action  of  the  skin  as  an  excreting  organ  is  interfered-with,  it  is 
the  kidney  especially  that  will  be  called-on  to  take  its  place ;  whilst,  on 
the  other  hand,  if  it  be  thought  desirable  to  relieve  the  kidney,  this  may 
be  most  effectually  done  by  stimulating  the  skin  to  increased  excretor 
activity. — This  vicariousness  of  function  among  the  Excretory  organs 
presents  itself  far  more  remarkably,  however,  in  certain  states  of  disease ; 
in  which  a  complete  '  metastasis  of  secretion'  may  exhibit  itself.  The 
capability  of  one  organ  thus  to  take  upon  itself  the  special  action  o 
another,  appears  to  be  related  to  the  '  community  of  function'  existing  inj 
the  secretory  surface  among  those  lower  animals,  which  manifest  none  ofl 
the  '  specialization'  or  setting-apart  for  particular  offices,  that  we  see  inl 
the  higher ;  for  it  seems  to  be  a  general  law  in  Physiology,  that,  evenl 
where  the  different  functions  are  most  highly  specialized,  the  general 
structure  retains,  more  or  less,  that  primitive  community  of  action  whicl 
characterized  it  in  the  lowest  grade  of  development. f 

384.  It  is  in  regard  to  the  Urinary  excretion,  that  the  evidence  on  this 
point  is  most  complete  ;  for  it  seems  to  be  established  by  a  great  mass  oi 
observations,  that  urine,  or  a  fluid  presenting  its  essential  characters! 
may  pass- off  by  the  mucous  membrane  of  the  intestinal  canal,  by  tha 
salivary,  lachrymal,  and  mammary  glands,  by  the  testes,  by  the  ears 
nose,  and  navel,  by  parts  of  the  ordinary  cutaneous  surface,  and  even  bjj 
serous  membranes,  such  as  the  arachnoid  tunic  lining  the  ventricles  0} 
the  brain,  the  pleura,  and  the  peritoneum.  A  considerable  number  0! 
such  cases  was  collected  by  Haller  :|  many  more  were  brought-togethej 
by  Nysten  ;§  and  more  recently  Burdach||  has  furnished  a  full  summary  oj 
the  most  important  phenomena  of  the  kind ;  and  Dr.  Laycock^f  has  conn 
piled  a  valuable  collection  of  cases  of  urinary  metastasis  occurring  al 
complications  of  hysteria.    The  following  table  of  cases  referred-to  bj 

*  Such  is  probably  the  occasion  of  the  '  bilious  attacks'  and  '  autumnal  cholera,' 
prevalent  at  the  close  of  the  summer ;  the  subjects  of  these  being  most  common 
persons  who  have  not  reduced  their  consumption  of  food  during  the  warm  *?&s<\ 
in  accordance  with  the  diminished  demand  for  the  production  of  heat  within 
body. 

t  See  "Princ.  of  Comp.  Phys.,"  §§  110,  428. 
£  "Elementa  Physiologic,"  torn.  ii.  p.  370. 

§  "  Eecherches  de  Physiologie  et  de  Chimie  pathologiques,"  p.  265. 
II  "Traite*  de  Physiologie"  (Jourdan's  translation),  vol.  viii.  p.  248  et  seq. 
"Edinb.  Med.  and  Surg.  Journ.,"  1838;  and  "Nervous  Diseases  ot  Woww 
p.  233. 
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the  last  of  these  authors,  will  give  some  idea  of  the  relative  frequency  of 
the  different  forms  of  this  curious  affection  : — 


Vomit. 

Stool. 

Ears. 

Eyes. 

Saliva. 

Nose. 

Manimre. 

Navel. 

Skin. 

Total. 

34 

20 

4 

4 

5 

3 

4 

34 

17 

125 

It  is  to  be  borne  in  mind,  however,  that  cases  of  hysterical  ischuria  are 
frequently  complicated  with  that  strange  moral  perversion,  which  leads 
to  the  most  persevering  and  ingenious  attempts  at  deceit ;  and  there  can 
be  little  doubt  that  a  good  many  of  the  instances  on  record,  especially  of 
urinous  vomiting,  are  by  no  means  veritable  examples  of  metastasis. — 
The  proofs  of  the  fact  we  are  seeking  to  establish  are,  therefore,  much 
more  satisfactory  when  drawn  from  experiments  upon  animals,  or  from 
pathological  observations,  about  which,  from  their  very  nature,  there 
can  be  no  mistake.    Thus  Mayer*  found  that  when  the  two  kidneys 
were  extirpated  in  the  guinea-pig,  the  cavities  of  the  peritoneum  and 
the  pleura,  the  ventricles  of  the  brain,  the  stomach,  and  the  intes- 
tinal canal,  contained  a  brownish  liquid  having  the  odour  of  urine  ;  that 
the  tears  exhaled  the  same  odour ;  that  the  gall-bladder  contained  a 
brownish  liquid  not  resembling  bile ;  and  that  the  testes,  the  epididymis, 
the  vasa  deferentia,  and  the  vesiculae  seminules,  were  gorged  with  a 
iquid  perfectly  similar  to  urine.    Chirac  and  Helvetius  are  quoted 
oy  Haller  as  having  tied  the  renal  arteries  in  dogs,  and  having  then  re- 
marked that  a  urinous  fluid  was  passed-off  from  the  stomach  by  vomit- 
ing.   A  remarkable  case  is  quoted  by  Nysten  from  Zeviani,  in  which  a 
oung  woman  having  received  an  incised  wound  on  the  external  genitals, 
vbich  would  not  heal,  the  urine  gradually  became  more  scanty,  until 
lone  could  be  passed  even  with  the  assistance  of  the  catheter ;  at  last 
;  Iropsy  supervened,  with  sweats  of  a  urinous  odour,  and  vomiting  of  a 
irinous  fluid,  which  continued  daily  for  thirty -three  years  :  on  post- 
;  uortem  examination,  the  kidneys  were  found  disorganized,  the  right 
I  ureter  entirely  obliterated  and  the  left  nearly  so,  and  the  bladder  con- 
racted  to  the  size  of  a  pigeon's  egg. — In  some  other  instances,  the  urine 
•ppears  to  have  been  secreted,  and  then  re-absorbed  in  consequence  of 
1  ome  obstruction  to  its  exit  through  the  urinary  passages.  Thus  Nysten 
uotes  a  case  from  Wrisberg,  in  which,  the  urethra  having  been  par- 
lally  obstructed  for  ten  years  by  an  enlarged  prostate,  the  bladder  was 
j  o  distended  as  to  contain  ten  pounds  of  urine ;  and  the  serosity  of  the 
encardium  and  of  the  ventricles  of  the  brain  exhaled  a  urinous  odour, 
j  le  cites  other  instances,  in  which  the  presence  of  calculi  in  the  bladder 
revented  the  due  discharge  of  the  secretion ;  and  in  which  a  urinous 
'■quid  was  ejected  from  the  stomach  by  vomiting,  or  was  discharged  by 
tool.    A  still  more  remarkable  case  is  recorded,  of  a  girl  born  without 
I  ither  anus  or  external  genitals,  who  nevertheless  remained  in  good 
r  ealth  to  the  age  of  fifteen  years,  passing  her  urine  from  the  nipples,  and 
etting  rid  of  faecal  matters  by  vomiting. — There  are  cases,  moreover,  in 
rmch  it  would  seem  that  the  mucous  lining  of  the  urinary  bladder  must 
I  a^e  na(*  a  special  power  of  secreting  urine  ;  the  usual  discharge  having 
I  'ken  place  to  the  end  of  life,  when,  as  appeared  by  post-mortem  exami- 

*  "Zeitachrift  fur  Physiologic,"  Bd.  ii.  p.  270. 
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nation,  the  kidneys  were  so  completely  disorganized  that  they  could  not 
have  furnished  it,  or  had  been  prevented  by  original  malformation,  or 
by  ligature  of  the  urethra,  from  discharging  it  into  the  bladder.  A  con- 
siderable number  of  these  have  been  collected  by  Burdach.*  In  all  the 
older  statements  of  this  kind,  there  is  a  deficiency  of  evidence  that  the 
fluids  were  really  urinous,  urea  not  having  been  obtained  from  them  by 
chemical  analysis,  and  the  smell  having  been  chiefly  rclied-on.  The 
urinous  odour,  however,  when  distinct,  is  probably  nearly  as  good  an 
indication  of  the  presence  of  the  most  characteristic  constituent  of 
human  urine,  as  is  the  appearance  of  the  urea  in  its  separated  form. 
The  passage  of  a  urinous  fluid  from  the  skin  has  been  frequently  ob- 
served in  cases  in  which  the  renal  secretion  was  scanty;  and  ihe  critical 
sweats,  by  which  attacks  of  gout  sometimes  terminate,  contain  urates 
and  phosphates  in  such  abundance  as  to  form  a  powdery  deposit  on  the 
surface. 

385.  The  metastasis  of  the  Biliary  secretion  is  familiar  to  every  prac- 
titioner, as  being  the  change  on  which  jaundice  is  dependent.    It  is  not, 
however,  in  every  case  of  yellowish-brown  discoloration  of  the  tissues, 
that  we  are  to  impute  such  discoloration  to  the  presence  of  biliary 
matter ;  and  we  can  only  safely  do  so,  when  we  have  at  the  same  time 
evidence  of  concurrent  obstruction  of  the  biliary  apparatus.  The 
urinary  apparatus  then  affords  the  principal  channel  through  which  the 
biliary  matter  is   eliminated ;    the  urine  becomes  tinged  with  the 
colouring  principle  of  bile,  being  sometimes  of  a  yellowish  or  orange 
hue,  and  sometimes  of  a  brown  colour  with  a  considerable  sediment ; 
and  the  presence  of  the  most  characteristic  constituents  of  the  bile  has 
been  determined  in  the  urine.    The  same  result  presents  itself,  when 
the  biliary  duct  has  been  artificially  obstructed  by  ligature.  Other 
secretions  have  been  found  tinged  with  the  colouring  matter  of  bile: 
thus  the  pancreatic  fluid  has  been  seen  of  a  yellow  colour  in  jaundice ; 
and  the  milk  has  presented  not  merely  the  hue,  but  the  characteristic 
bitterness,  of  the  biliary  secretion.    The  cutaneous  transpiration  is  not 
unfrequently  so  much  impregnated  with  biliary  matter,  as  to  conmm- 1 
nicite  its  tinge  to  the  linen  covering  the  skin ;  and  even  the  sputa  oi 
patients  affected  with  bilious  fevers  have  been  observed  to  be  similarly 
coloured,  and  have  been  found  to  contain  biliary  matter.    The  secre- 
tions of  serous  membranes,  also,  have  been  frequently  seen  to  present 
the  characteristic  hue  of  bile  ;  and  biliary  matter  has  been  detected,  by 
analysis,  in  the  fluid  of  the  pleural  and  peritoneal  cavities.  Biliary 
matter,  however,  when  unduly  present  in  the  circulating  current,  is  not 
removed  from  it  by  the  secreting  organs  alone ;  for  it  seems  to  be  with- 
drawn also  in  the  ordinary  operations  of  nutrition,  entering  into  com- J 
bination  with  the  solid  tissues.    Thus,  in  persons  affected  with  jaundice,! 
we  find  the  skin,  the  mucous  and  serous  membranes,  the  lymphatic 
glands,  the  brain,  the  fibrous  tissues,  the  cartilages,  the  bones  and  teetn,j 
and  even  the  hair,  penetrated  with  the  colouring  matter  of  the  bilc,l 
which  they  must  have  withdrawn  from  the  blood,  and  which  seems  tol 
have  a  particular  affinity  for  the  gelatinous  tissues.    It  is  imposmb  el 
at  present  to  say,  however,  to  what  extent  the  more  characteristic  ingrc-i 

*  "  Zcitschrift  fur  Hiysiologie,"  Bd.  ii.  pp.  253,  254. 
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lients  of  the  bile  care  thus  withdrawn  from  the  blood  ;  for  the  presence 
>f  its  colouring  matter  cannot  by  any  means  be  taken  as  an  indication 
hat.  its  peculiar  resinoid  acids  are  also  incorporated  with  the  normal 
omponents  of  the  tissues. 


2.  The  Liver. — Secretion  of  Bile. 


Fig.  124. 


386.  The  Liver  is  probably  more  constantly  present,  under  some 
m\i  or  other,  throughout  the  entire  Animal  series,  than  any  other 
land.    Its  form  and  condition  vary  so  greatly,  however,  in  different 
;ibes,  that,  without  a  knowledge  of  its  essential  structure,  we  should 
e  disposed  to  question  whether  any  identity  of  character  exists  among 
ie  several  organs  which  are  regarded  as  Hepatic.    It  is,  in  fact,  the 
resence  of  bile-secreting  cells,  that  must  be 
eld  to  constitute  a  Liver ;  and  these  may  be 
:attered  over  the  general  lining  membrane 
f  the  alimentary  canal,  or  may  be  restricted 
ithin  follicles  which  are  formed  by  depres- 
ons  of  it ;  these  follicles,  again,  may  be  mul- 
plied  in  some  particular  spot,  so  as  to  be 
\  jgregated  into  a  mass,  or  may  be  extended 
t  to  long  tubes.    In  all  the  Invertebrata,  how- 

er,  the  Liver  is  obviously  conformable  to 

e  general  type  of  glandular  structures ;  the 
l  ;patic  cells  being  in  immediate  relation  with 
|  basement-membrane,  and  being  discharged 
\  >on  a  free  surface.  This  will  be  readily 
I  iderstood  from  an  examination  of  any  one  of 
(  e  higher  forms  of  it,  such  as  that  presented 
i  the  liver  of  the  Crab,  which,  like  the  liver 
|  the  Mollusca  generally,  is  a  lobulated 
L  indular  mass,  formed  by  the  aggregation  of 

nnltitude  of  follicles  with  distinct  cascal  ter- 
I nations;    these  follicles   discharging  their 

seeded  products  into  cavities  which  occupy 
I  p  centre  of  the  lobules,  whence  they  are 
l  ilected  by  the  ducts  which  convey  them 
I  <0  the  alimentary  canal.    On  a  careful  ex- 

I  lination  of  these  follicles  (Firr  1241  and  n  magnified;  showing" the  progress 
1  ™    •  ^^/^'U^  ana  a    of  development  of  the  aecreting 

I  upariSOn  01  the  Size  and  Contents  of  the  Cells   cells  from  the  blind  extremity  to 

I  the  bottom  and  towards  the  outlet,  it  be-  3^2?  ^MSr'  lit 
I  nes  evident  that  the  cells  originate  in  the  cessive  stages,  are  shown  sepa- 
I  mer  situation,  and  gradually  increase  in  size  rately  at °'  '  *'  '  "* 

they  advance  towards  the  latter.  It  is  also  to  be  observed  that  the 
I  Is  which  lie  deepest  in  the  cascum  (a,  b),  contain  for  the  most  part 
yellow  granular  matter,  which  may  be  regarded  as  the  proper 
I  aJ7  secretion ;  but  as  they  increase  in  size,  there  is  also  an  increase 

the  quantity  of  oil-globules  which  they  contain  (c),  until  past  the 
|        of  the  follicle,  where  they  are  found  full  of  oil,  so  as  to  have  the 

,earance  of  ordinary  fat-cells  (d,  e).  From  this  it  happens,  that 
I  en  an  entire  caecum  is  examined  microscopically,  its  lower  half 


One  of  the  Hepatic  caeca  of 
Astacus  uffiiiis  (Cray-Ash),  highly 
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appears  filled  with  a  finely-granular  matter,  intermingled  with  nucleated  j 
particles ;  and  the  upper  half  with  a  mass  of  fat-cells,  whose  nuclei  are  ! 
obscured  by  the  oily  particles.* — In  Vertebrated  animals,  the  Liver 
seems  to  be  constructed  upon  a  similar  plan.    Its  component  cells,  which  ! 
have  not  been  proved  to  possess  a  definite  cell-wall,  are  still  contained 
in  distinct  cajcal  follicles  or  elongated  tubuli  branching-off  from  the  i 
excretory  ducts ;  but  in  ascending  through  the  Vertebrated  series  it  I 
presents  a  more  and  more  solid  parenchymatous  texture,  which  stri-  I 
kingly  contrasts  with  its  loosely-lobulated  racemose  aspect  in  even  the  i 
highest  Invertebrata.    This  character  is  very  obvious  in  the  liver  of  I 
Man,  which  is  peculiarly  firm  and  compact,  and  has  less  of  connective  I 
tissue  between  its  different  parts  than  is  found  in  that  of  many  other  j 
Mammalia. — It  is  observable,  moreover,  in  the  Human  liver,  that  certain  ( 
portions  are  rudimentary,  which  are  elsewhere  fully  developed.    Thus  j 
in  the  Carnivora  and  Rodentia,  which  present  the  most  complex  form  of  I 
liver  that  we  meet- with  among  Mammalia,  there  are  five  distinct  parts;  I 
namely,  a  '  central'  or  principal  lobe,  and  a  right  and  left  '  lateral'  lobe,  I 
each  with  its  '  lobular  appendage.'    The  whole  mass  of  the  liver  off 
Man,  which  we  are  accustomed  to  describe  as  consisting  of  a  '  right'  and  j 
'  left'  lobe,  does  in  reality  form  but  one  (there  being  no  real  division  I 
between  its  two  portions),  which  must  be  regarded  as  the  1  central'  I 
lobe ;  the  '  lobulus  Spigelii'  is  the  rudiment  of  a  right  '  lateral'  lobe,  | 
and  the  'lobulus  caudatus'  is  its  'lobular  appendage;'  but  the  left! 
1  lateral'  lobe,  with  its  '  lobular  appendage,'  is  altogether  undeveloped.!  I 
387.  When  the  Liver  is  closely  examined  with  the  naked  eye,  it  is 
seen  to  be  made-up  of  a  great  number  of  small  granular  bodies,! 
about  the  size  of  millet-seeds,  of  an  irregular  form,  and  presenting  af 

number  of  rounded  projecting  pro-li 
Fig.  125.  cesses  upon  their  surfaces.  These! 

are  commonly  termed  lobules,  al-|j 
though  by  some  Anatomists  theyjl 
are  spoken-of  as  acini. %  When! 
divided  longitudinally,  they  have; 
a  somewhat  foliated  appearance! 
(Fig.  125),  arising  from  the  dis-J 
tribution  of  the  Hepatic  Vein,  which! 
passes  into  the  centre  of  each  di-J 
vision.  When  transversely  divided! 
the  lobules  are  usually  found  to  prej 
of  the  Liver  with  gent  somewhat  of  a  pentagonal  olc 

the  Hepatic  Vein ;—  a,  trunk  of  the  vein  ;  b,  b,  ,  x        ,  Koind 

lobules  depending  from  its  branches,  like  leaves  a  hexagonal  shape,  Uie  angles  ueuiy 

on  a  tree;  the  centre  of  each  being  occupied  by  _i:_.^t]v  ronrlded    SO  as  to  form  ij 

a  venous  twig,  the  Intralobular  Vein.  Sllgnuy  rounueu,   6>u  i 

series  of  passages  or  mterlobuiai 
spaces :  in  these  lie  the  branches  of  the  Vena  Porta?  (as  well  as  of  thj 

*  See  Dr.  Leidy's  'Researches  into  the  Comparative  Structure  of  the  Liver,  lit 
"Amer.  Journ.  of  Med.  Sci.,"  Jan.  1848.  _  ,  J 

t  For  a  general  view  of  the  Comparative  Structure  of  the  Liver  m  different  ciassa 
of  animals,  see  "  Princ.  of  Comp.  Phys.,"  §§  405-41 1.  „0lWis 

t  The  acini  of  Malpighi  are  the  minute  bodies  of  various  forms  and  ^  »  I 
colour,  which  are  seen  when  any  individual  lobule  is  examined  with  the  nmr^  j  ■ 
these  are  nothing  else,  however,  than  the  irregular  islets  of  parenchyma,  re.  i 
tween  the  meshes  of  the  plexus  formed  by  the  ultimate  ramifications  ot  the  pon»  j 


a,  - 


Connection  of  the  Lobules 
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Fig.  126. 


Hepatic  Artery  and  Duct),  from  which  are  derived  the  plexuses  that  enter 
the  lobules.  The  exterior  of  each  lobule  is  covered  by  a  process  of  the 
'  capsule  of  Glisson,'  which  is  very  dense  in  the  Pig  and  other  animals, 
but  is  so  thin  as  to  be  almost  undistinguishable  in  the  Human  liver ;  the 
interspaces  between  the  vessels  are  filled  by  the  ultimate  terminations  of 
the  Hepatic  biliary  ducts,  which  contain  large  secreting  cells.*  The 
structure  of  each  lobule,  then,  gives  us  the  essential  characters  of  the 
whole  gland. 

388.  The  Vena  Porta?,  which  is  formed  by  the  convergence  of  the  veins 
hat  return  the  blood  from  the  chylopoietic  viscera,  probably  also  receives 
he  blood  which  is  conveyed  to  the  liver  for  the  purposes  of  nutrition  by 
lie  Hepatic  Artery.    Like  an  artery,  it  gradually  subdivides  into 
•.mailer  and  yet  smaller  branches  ;  and  at  last  it  forms  a  plexus  of  vessels, 
,vhich  lie  in  the  interlobular  spaces,  and  spread  with  the  freest  inoscula- 
ion  throughout  the  entire  Liver.    To  these  vessels,  the  name  of  inter- 
obular  Veins  was  given  by  Mr.  Kiernan.f    They  ramify  in  the  capsules 
>f  the  lobules,  covering  with  their  ramifications  the  whole  external  surface 
>f  these ;  and  then  enter  their  substance.    When  they  enter  the  lobules, 
hey  are  termed  lobular  veins ;  and  the  plexus  formed  by  their  conver- 
gence from  the  circumference  of  each  lobule  towards  its  centre  (where 
heir  ultimate  ramifications  terminate  in  those  of  the  intralobular  or 
iepatic  vein),  is  designated  as 
the  lobular  venous  plexus. — 
l^he    Hepatic    Artery  sends 
branches  to  every  part  of  the 
I  iver,  supplying  the  walls  of 
I  be  portal  and  hepatic  veins, 
l.nd  of  the  hepatic  ducts,  as 
I  "ell  as  Glisson's  capsule.  The 
•  rincipal  distribution    of  its 
i.  ranches,  however,  is  to  the 
I  )bules;  which  they  reach,  in 
le  same  manner  with  the  portal 
psssels  and  biliary  ducts,  by 
treading  themselves  through 
'  ie  interlobular  spaces.  There 
r.iey  ramify  upon  the  inter- 
bular  ducts,  and  upon  the 
•psular  surface  of  the  lobules, 
I  hich  they  then  penetrate; 
I  rminating  for  the  most  part 
the  portal  venous  plexus, 
I  ough    a    very    few  small 
I  anches  may  be  traced  into  the  Hepatic  plexus  of  capillaries.  The 
nole  of  the  blood,  therefore,  of  the  Hepatic  Artery  passes  through  the 
juli,  and  is  subservient  to  the  secretion  of  Bile. — It  now  only  remains 

I  .?w  Prof-  Beale's  Paper  '  On  the  Ultimate  Arrangement  of  the  Biliary  Ducts,'  in 
Irans.,"  1856,  and  Todd  and  Bowman's  "  Physiolog.  Anat.,"  p.  459,  vol.  ii. 


Horizontal  section  of  three  superficial  Lobules  show- 
ing the  two  principal  systems  of  Blood-vessels : — a,  a, 
iM^ro-lobular  veins,  terminating  in  the  Hepatic  veins  ; 
b,  b,  itt£er-lobular  plexus,  formed  by  branches  of  the 
Portal  vein. 


'h. 

59. 


t  ?ee  h,is.  admirable  Memoir  1  On  the  Anatomy  and  Physiology  of  the  Liver,'  in  the 
1'iloBophical  Transactions,"  1833. 
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to  describe  the  Hepatic  Veins,  the  branches  of  which  occupy  the  interior  of 
the  lobules,  and  are  termed  intralobular  veins  (Fig.  12G,  a,  a,  Fig.  127) 

Fig.  127. 


Section  of  a  small  portion  of  the  Liver  of  a  Rabbit,  with  the  Hepatic  or  intralobular 

veius  injected. 

On  making  a  transverse  section  of  a  lobule,  it  is  seen  that  the  central 
vessel  is  formed  by  the  convergence  of  numerous  minute  venules,  which 
arise  from  the  plexus  upon  the  surface  of  the  lobule.  The  intralobular 
veins  terminate  in  the  larger  trunks,  which  pass  along  the  bases  of  the 
lobules,  collecting  from  them  their  venous  blood  ;  these  are  called  by 
Mr.  Kiernan  sub-lobular  veins.  The  main  trunk  of  the  Hepatic  Vein 
terminates  in  the  ascending  Vena  Cava. 

389.  The  Hepatic  Duct  forms,  by  its  subdivision  and  ramification,  an 
interlobular  plexus  very  like  that  of  the  portal  vein  ;  the  branches  rami- 
fying upon  the  capsular  surface  of  the  lobules,  and  ultimately  penetrating 
into  their  interior.  At  the  point  where  the  interlobular  ducts  becom 
continuous  with  the  cell-containing  network  within  the  lobules,  theirj 
diameter  is  very  small,  not  exceeding  l-4000th  to  l-5000th  of  an  inch; 
and  here  the  epithelium,  which  in  the  larger  ducts  is  columnar,  passing 
in  the  smaller  ducts  into  the  tessellated  variety,  suddenly  becomes  sphe-l 
roidal,  or  assumes  the  form  of  the  true  secreting  cell.  The  tubes,  of  tha 
diameter  of  l-80th  of  an  inch  and  larger,  present  many  little  sacculaij 
dilatations  of  the  coats,  the  openings  of  which,  according  to  Dr.  Bealel 
are  regularly  arranged  in  two  rows  or  lines  on  opposite  sides  of  th| 
ducts ;  and  besides  these  are  numerous  small,  irregular,  and  anastomosing 
canals,  Avhich  run  obliquely  in  the  coats  of  the  ducts,  and  ultimately  opeii 
into  their  cavities.  These  tubes  and  ca3ca  may  be  regarded  as  accessor! 
gall-bladders,  in  which  the  Bile,  secreted  and  stored-up,  comes  into  inj 
timate  relation  with  a  fine  plexus  of  capillaries,  and  may  perhaps  undergj 
further  elaboration.  There  is  still  some  doubt  as  to  the  precise  modi 
of  termination  of  the  finest  biliary  ducts.  According  to  Mac  Gillavry,! 
Irminger  and  Frey  (Fig.  128),  f  Oscar  WyssJ  and  Chrzonsczsczewskyi 

*  "  Sitzungsbericht  d.  Kais.  Akad.  zu  Wien,"  Bd.  1.  1864.  .. 
f  Kblliker's  "Zeits.,"  1866,  p.  208.  %  Virchow's  "Archiv,"  1866,  Apn  .  I 

§  Virchow's  "Archiv,"  1866.  See  Humphry  and  Turner's  "Journal,  vol.  Ij 
p.  146,  1867,  for  a  short  account  of  these  essays. 
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they  commence  in  the  rabbit  within  the  lobule  in  a  plexus  of  minute 
vessels,  (Fig.  128,  a)  possessing  proper  walls,  on  the  outside  and  occupy- 
the  meshes  of  which  the  bile-secreting  cells  lie  (Fig.  128,  b)*  A 


ing 


Fia.  128. 


Fig.  129. 


Biliary  capillaries  of  the 
liter  of  the  Rabbit.  Part 
of  a  Lobule,  showing  the 
arrangement  of  the  biliary 
ducts  in  relation  to  the  he- 
patic cells:— a,  capillaries 
of  the  biliary  ducts ;  b,  he- 
patic cells  ;  c,  biliary  ducts ; 
d,  capillary  blood-vessels. 


Section  of  Rabbit's  Liver  injec'ed  : — c,  blood 
capillaries ;  b,  bile  passages  j  n,  nucleus  of 
hepatic  cell. 


omewhat  different  description  has,  however,  been  given  by  Hering,-f- 
dth  whom  Kblliker  and  EberthJ  and  Biesiadecki  appear  to  agree, 
[ering  found  in  the  snake  that  a  tubular  membrane  was  present  in  the 
nallest  ducts  lined  by  a  series  of  cells,  several  of  which  form  at  any 
oint  the  boundary  of  the  central  channel.  In  Mammalia  on  the  con- 
■ary,  a  single  large  cell,  the 


Fig.  130. 
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irfaces  of  which  present 
vo  or  more  grooves,  that  0 
irrespond  to  similar  in-  m 
untations  in  neighbouring 
s-lls,  forms  the  partial 
.mndary  of  several  chan- 
bla  A  thickening  of  the 
11-wall  gives  rise  to  the 
t  usive  appearance  of  a 
-oper  wall  to  the  tubuli. 
j  ie  blood  capillaries  tra- 
it rse  the  lobule  at  the 
I  gles  of  the  cells.  The 
i  -angement  is  rendered 
;  '-Higible  by  the  preced- 
1 5  drawing  (Fig.  129). 
I  90.  The  biliary  cells  of  the 
J  iman  liver  (Fig.  130,  b) 

Keichert  in  a  recently  published  paper  considers  the  appearances  described  as 
ncial  and  due  to  the  escape  of  injection,  which,  he  maintains,  by  insinuating  itself 
ween  the  cells  would  give  rise  to  just  such  dendritic  forms  as  have  been  seen  by 
se  observers.    Reichert's  "  Archiv,''  1866,  p.  734. 
Max  Schutec's  "Archiv,"  Bd.  iii. 

Untralblatt,"  1866,  No.  57.     See  Humphry  and  Turner's  "Journal,"  1868, 
».  p.  161 ;  also,  "  Site.  d.  Wien.  Akad.,"  Dec.  1866. 


A,  portion  of  a  Hepatic  Column,  from  Human  Lirer, 
showing  its  component  secreting  cells  : — n,  secreting  ci-lls 
detached,  a,  in  their  normal  state,  b.  a  cell  more  highly 
magnified,  showing  the  nucleus  and  distinct  oil-particles,  c, 
in  various  stages  of  fatty  degeneration. 
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are  usually  of  a  flattened  spheroidal  form,  and  from  1 -500th  to  1- 2000th  of 
an  inch  in  diameter.  Each  of  them  presents  a  distinct  nucleus ;  and  the 
cavity  of  the  cell  is  occupied  by  yellow  amorphous  biliary  matter,  usually 
having  one  or  two  large  adipose  globules,  or  five  or  six  small  ones  in- 
termingled  with  it  (a,  b).  The  size  and  number  of  these,  however,  vary 
considerably,  according  to  the  nature  of  the  food,  the  amount  of  exer- 
cise recently  taken,  and  other  circumstances.  If  an  animal  be  very  fat 
or  be  well  fed,  especially  with  farinaceous  or  oleaginous  substances  the  I 
proportion  of  adipose  particles  (c)  is  much  greater  than  in  an  animal 
moderately  fed  and  taking  much  exercise.  The  size  of  the  oil-globules 
varies  from  that  of  mere  points,  scarcely  distinguishable  from  the  granular  I 
contents  of  the  cells  except  by  their  intense  blackness,  Tip  to  one-fourth  I 
of  the  diameter  of  the  cell.  A  still  greater  accumulation  of  adipose  I 
particles  in  the  biliary  cells,  gives  rise,  as  was  first  pointed-out  by  Mr. 
Bowman,*  to  the  pecuhar  condition  termed  1  fatty  liver.'  The  finely- 
granular  matter  is  the  portion  from  Avhich  the  colour  of  the  cell  is  de- 
rived ;  it  seems  to  fill  the  space  not  occupied  by  the  oil-globules ;  and 
it  often  obscures  the  nucleus,  so  that  the  latter  cannot  be  distinguished 
until  acetic  acid  is  added,  which  makes  the  granular  matter  more  trans- 
parent without  affecting  the  nucleus. — The  Liver,  therefore,  belongs  to 
the  class  of  ramified  tubular  glands ;  and  the  materials  of  the  biliary  se- 
cretion formed  from  the  blood  by  the  cells  lining  the  intralobular  ex- 
tremities of  the  ducts  are  discharged  into  the  interior  of  these  canals 
either  by  exudation  or  by  the  deliquescence  of  the  cells  themselves. 
Teichmannf  describes  the  lymphatics  as  running  with  the  portal  venous 
branches,  and  the  biliary  ducts  as  forming  a  plexus  with  large,  irregular! 
meshes  on  the  outside  of  the  lobuli,  and  he  believes  he  has  even  injected 
minute  branches  passing  up  their  centre  with  the  Vena  intralobularis 
of  the  Hepatic  Veins.  MacGillavry  describes  the  lymphatics  as  forming! 
loose  sheaths  around  the  blood-vessels. J  A  single  layer  of  lymphatics 
exists  on  the  peritoneal  surface  of  the  Liver,  lying  in  the  subserous! 
areolar  tissue.  The  nerves  of  the  liver  have  been  carefully  examined! 
by  Dr.  Robert  Lee,§  who  has  shown  them  to  be  chiefly  connected  withl 
the  semilunar  ganglion  and  sympathetic  plexus  surrounding  the  root  oij 
the  hepatic  artery,  the  minutest  branches  of  which  they  accompany. 

391.  The  first  and  most  obvious  function  performed  by  the  Liver  is  the 
secretion  of  Bile.  For  this  the  arrangement  of  the  cells  and  ducts  appears 
to  be  primarily  designed  ;  and  by  their  means  a  considerable  quantity  o 
material,  rich  in  carbon  and  hydrogen  is,  temporarily  at  least,  eliminated 
from  the  blood,  whilst  at  the  same  time  a  liquid  is  provided,  the  utility  o 
which  in  promoting  the  absorption  of  food  and  especially  of  oleaginoul 
food,  has  been  already  sufficiently  considered  (§  119).  But  the  large  size  cj 
this  organ  in  comparison  with  the  amount  of  secretion  poured  into  thealu 
mentary  canal ;  its  constant  presence  in  almost  all  classes  of  animals,  hoi 
various  soever  the  nature  of  their  food  may  be  ;  its  manifest  activity  in  till 
foetus  before  the  ingestion  of  any  food  has  taken  place  ;  the  large  supp  I . 
of  blood  which  it  receives  from  different  sources,  as  well  as  the  peculiiv 

*  "  Medical  Gazette,"  Jan.  1842.       t  "  Saugader  System,"  p.  94,  Leipzig  Ml 
%  His  statements  are  corroborated  by  Frey,  "  Handbucli  der  Histolofrie  und  n'sj  , 
chemie,"  2  Anf.  p.  5  )0,  and  Biesiadecki,  "  Wiener  Sitzungsbenclite,  lv. 
§  "  Proceedings  of  Royal  Society,"  vol.  xii.  p.  246. 
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elatious  which  it  holds  to  the  blood  returning  from  the  placenta  in  the 
jetus,  and  from  the  abdominal  viscera  in  the  adult — are  all  circura- 
;ances  suggesting  that  other  functions  than  the  secretion  of  the  Bile 
re  here  performed ;  and  from  the  results  of  comparatively  recent  re- 
mrch,  it  may  now  be  considered  as  fairly  established,  that  it  exerts  an 
|  ssimilative  or  elaborating  action  on  the  freshly-absorbed  materials  of 
ir  food,  and  especially  upon  the  albuminous  and  saccharine  consti- 
I  tents,  whereby  they  become  more  fitted  for  the  nutrition  of  the  body  ; 

id  that  in  the  course  of  these  assimilative  changes,  the  activity  of 
1  hich  is  indicated  by  the  high  temperature  of  the  organ, -and  perhaps 
1  s  a  consequence  of  them,  a  material  analogous  to  sugar  is  formed, 
I  hose  ultimate  destination  is  still  undetermined,  but  which  there  is 
.hsme  reason  for  believing,  either  directly  or  indirectly  combines  with 
J  cvgen,  and  thus  becomes  subservient  to  the  maintenance  of  animal 
I  >at.    The  production  of  this  substance  is  termed  Glycogeny,  and  will 
I  !  considered  after  the  characters  and  mode  of  formation  of  the  Bile 
I  ive  been  discussed.    The  following  are  analyses  of  the  Bile  contained 
|    the  human  Gall-bladder,  by  Frerichs  ard  v.  Gorup-Besanez :  * — 


FEERICHS. 

V.  GORUP-BESANEZ. 

In  1000  parts. 

I. 

Man  set. 
18,  killed 
by  a  fall. 

ii. 

Man  set. 
22,  killed 
by  injury. 

I. 

Man  aet.49, 
criminal, 
beheaded. 

ii. 

Woman  set. 
29,criminal 
beheaded. 

in. 

Man  set. 
68,  killed 
by  a  fall. 

IV. 

Boy  set.  12, 
■  killed  by 
an  injury. 

1  Vater  

olid  residue   .    .  . 

8G0-0 
1400 

859-2 
140-8 

822-7 
1773 

898-1 
101-9 

908-7 
91-3 

828-1 
171-9 

•iliary  acids  in  combi- 
nation with  alkalies 
at  .   .   .    .    .  . 

j  holeBterin  .... 

i-lucus  and  colouring 

b  matter  .... 

;  ilts  

72-2 
32 
1-6 

26-6 
65 

91-4 
9-2 
2-6 

29-8 
7-7 

107-9 
|  47-3 

22-1 
108 

56-5 
\  30-9 

14  5 

63 

J  73-7 
17-6 

148-0 
23-9 

e  is  a  viscid,  neutral  or  feebly-alkaline,  somewhat  oily-looking  liquid, 
i  greenish-yellow  colour,  and  very  bitter  taste,  followed  by  a  sweetish 
:r-taste.    It  is  readily  miscible  with  water,  and  in  solution  froths  like 
of  soap.  Its  specific  gravity  in  the  human  subject  is  about  1018.  It 
ecreted  under  a  pressure  of  a  column  of  water,  eight  inches  in  height 
ndenhain).    The  proportion  of  solid  matter  which  it  contains  is 
ally  from  9  to  17  per  cent.,  and  nearly  the  whole  of  this  consists  of 
I  stances  peculiar  to  Bile.    In  the  Biliary  matter,  according  to  the  re- 
aches of  Strecker  (which  are  undoubtedly  the  most  accurate  and  satis- 
ory  that  have  been  hitherto  made),  the  following  substances  may  be 
I  mguished. : — Two  resinous  acids,  the  Glycocholic  (which  is  the  cholic 
I  of  Strecker)  in  small  quantity,  and  the  Taurocholic  (which  is  the 
I  etc  acid  of  Strecker,  and  is  nearly  the  same  with  the  bilin  of  other 
ndists) ;  these  are  formed,  according  to  Lehmann,  by  the  '  conjuga- 
of  cholic  acid  with  glycine  or  glycocoll  (gelatine-sugar)  and  taurine 

*  "  Phys.  Chem.,"  18G2,  p.  4G9. 
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respectively ;  and  they  are  united  in  the  bile  with  soda  as  a  base.    It  is 
in  the  taurocholic  acid  that  the  sulphur  of  the  bile  presents  itself,  no  less  I 
than  25  per  cent,  of  that  element  existing  in  taurine ;  so  that  the  pro- 1 
portion  which  this  acid  bears  to  the  glycocholic  (which  differs  greatly  | 
in  different  animals)  may  be  estimated  by  the  amount  of  sulphur  in 
the  mixture  of  the  two.*    Besides  a  variable  quantity  of  the  ordinary 
Fatty  acids,  Bile  also  contains  Cholesterin,  a  non-saponifiable  crystalline 
fatty  substance,  various  products  of  disintegration,  as  Leucin,  Tyrosin, 
Xanthin,  and  Hypoxanthin ;  and  Neurin,"j"  which  is  one  of  the  products 
of  the  decomposition  of  Protagon ;  and  also  certain  crystallizable  colour 
ing  matters,  Bilifulvine  (or  Bilirubin,  C32H18N4Og,  Stadeler),  and  Bill 
verdine  (C^H^^O^),  whose  relationship  with  the  colouring  matter  of  the 
Blood,  first  suggested  by  Virchow,|  has  been  rendered  still  more  probable 
by  the  discovery  of  Zenker§  of  crystals  of  Hasmatoidin  in  inspissated 
Bile,  by  the  circumstances  that  both  contain  iron,  and  by  the  observa 
tion  of  Gubler||  that  Bilirubin  and  Haernatin  give  the  same  play  of  coloursfc 
with  N06,  except  that  the  green  colour  is  most  persistent  in  the  forme: 
and  the  violet  in  the  latter.    It  is  remarkable  that,  notwithstanding  th 
comparatively-minute  proportion  in  which  these  last  substances  exist  i: 
ordinary  bile,  cholesterin  should  usually  be  the  principal  ingredient  o 
the  biliary  concretions  which  are  frequently  found  in  the  gall-bladde 
and  bile-ducts  ;  and  that  the  bile- pigment  with  choloidinic  acid  and  it: 
calcareous  base  should  also  occasionally  accumulate,  so  as  to  form  solic 
masses  which  consist  of  little  else.    Strecker^f  has  recently  found  in  tin 
bile  an  energetic  base  which  he  has  termed  Choline  (C10H18NO2),  and 
Lecithin,  a  substance  allied  to  the  fats. 

392.  We  have  now  to  inquire  into  the  conditions  under  which  th 
Secretion  of  Bile  takes  place ;  and  one  of  the  most  important  of  these,  i 
the  supply  of  Blood  which  the  Liver  receives.  How  far  the  blood  supj 
plied  by  the  Hepatic  Artery  is  the  immediate  source  of  the  secretion  baj 
not  been  quite  satisfactorily  determined.  Kottmeier**  and  Kuthejf  founl 

*  The  soda  salts  of  these  acids  may  be  readily  obtained  by  evaporating  Ox  bile  tj 
dryness,  treating  the  residue  with  alcohol,  and  adding  ether  to  the  alcoholic  solutiil 
till  a  dense  precipitate  is  permanently  thrown  down.    Alter  some  hours  the  Glycl 
cholate  of  soda  crystallizes  out  in  silky  prisms  and  bundles,  whilst  the  TaurocliolaJ 
of  soda  remains  in  the  form  of  oily  drops.    Both  are  hygrometric  and  very  soluble  I 
water,  and  the  acids  can  be  separated  f  rom  one  another  by  acetate  of  lead,  which  pit 
cipitates  the  Glycocholic  but  not  the  Taurocholic.    The  formula  for  the  Cholic  acid  f 
stated  to  be  C48H40O10.    In  Glycocholic  acid  it  is  iu  combination  with  Glycine,  til, 
formula  for  which  is  UJIgNO^  and  in  Taurocholic  acid  with  Taurine,  which  is  repit 
sented  by  the  formula  C4HrNS206.    This  separation  of  Tauro-  and  Glycocholic  acifl 
is,  it  is  to  be  remembered,  purely  artificial,  and  the  result  of  the  action  of  reagent* 
and  though  there  is  a  general  resemblance  in  the  characters  of  the  Bile  in  dinner 
6pecies  of  animals,  yet  there  are  minor  differences  which  are  very  distinctive.  In* 
Dr.  Dalton  states  that  he  has  been  unable  to  obtain  any  crystals  from  Human  bi 
corresponding  to  those  of  the  Glycocholate  of  Soda  procured,  as  above  mentions 
from  Ox  bile.    On  the  other  hand,  the  entire  biliary  ingredients  of  Human  bile  ai 
precipitated  by  both  or  either  of  the  salts  of  lead.    See  the  excellent  Section  Un 
Liver  and  its  Functions,'  in  Dr.  Dalton's  "  Human  Physiology,''  1867. 

t  0.  Liebreich:  "Kev.  des  Cours  Scient,"  torn.  v.  p.  648,  1848. 

t  "Archiv  f.  Path.  Anat.,"  Bd.  i.  1848,  p.  421.  .  „iqJ 

8  "  Jahresbericht  von  der  Gesellsch.  f.  Natur  und  Heilkunde  in  Dresden, 
p.  53.  II  "Gaz.  Med.  de  Paris,"  1859  p.  469.  . 

%  P.  Schutzenberger,  "  Chimie  applique  a  la  Pbjsiologie  Animate,  V-  | 

et  gCq.  **  "  Zur  Kcnntniss  der  Leber,"  Wurzburg,  1857. 

+f  "  Studien  des  Physiolog.  Institut.  zu  Amsterdam,"  1861. 
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,hat  no  bile  was  secreted  after  ligature  of  this  vessel,  and  they  attribute 
he  result  to  an  alteration  taking  place  in  the  nutrition  of  the  cells  destined 

0  form  the  bile.    Schiff,  however,  was  unable  to  detect  any  diminution 
n  a  large  dog  upon  which  he  had  performed  the  same  operation.    It  is 
■ertain,  however,  that  the  Hepatic  artery  may  indirectly  furnish  the 
apply  of  blood  necessary  for  the  secretion ;  for  although,  if  the  Vena 
'ortse  be  suddenly  tied,  the  flow  of  bile  is  immediately  stopped,  and 
eath  ensues  in  the  course  of  a  few  hours ;  yet  if  the  obliteration  be 
loAvly  effected,  either  by  the  gradual  tightening  of  a  ligature,*  or,  as 
ccasionally  happens,  from  disease,  the  secretion  of  bile  still  continues, 
lough  in  diminished  quantity.    In  such  instances  it  probably  proceeds 
rom  the  blood  of  the  hepatic  artery,  the  capillaries  of  which  discharge 
iemselves  into  the  lobular  plexus  of  veins,  and  in  cases  of  malformation 
are  been  actually  observed  to  pass  into  the  ramifications  of  the  um- 

1  ilical  vein,  forming  a  plexus  in  the  lobules  that  exactly  resembled  the 
rdinary  portal  plexus. |   Its  secretion  after  such^low  obliteration  of  the 

|  'ena  Porta?  may  also  sometimes  be  due  to  the  presence  and  enlargement 
f  the  accessory  Vena?  Porta?,  which  have  been  noticed  by  Sappcy.J 
fc.ccording  to  Bernard,§  the  engorgement  of  the  Vena  Porta?  consequent 
I  pon  its  slow  obliteration,  is  relieved  by  the  presence  of  small  anasto- 
I  totic  branches  with  the  Renal  Vein,  corresponding  to  the  Venous 
I: '■stem  of  Jacobson,  found  in  the  lower  Vertebrate  classes.  || — The  fact 
iat  the  secretion  of  Bile  is  normally  formed,  in  great  part  at  least, 
torn  venous  blood,  has  been  commonly  connected  with  the  hydro- 
j  irbonaceous  nature  of  its  chief  components,  which  must  exist  (it  is 
rasidered)  in  larger  proportion  in  such  blood  than  in  that  of  the 
i  -teries.    But  it  must  be  borne  in  mind,  that  the  urinary  excretion, 
;  hich  is  undoubtedly  formed  at  the  expense  of  the  products  of  the 
d  isintegration  of  the  tissues,  is   secreted  from  arterial  blood;  and 
i  ace  the  bile  is,  as  it  were,  the  complement  of  the  urine  (the  ultimate 
I ! 'mponents  of  the  two  together  making-up  the  composition  of  blood), 
|  ere  seems  no  reason  why  arterial  blood  should  not  furnish  its 
!  -iterials,  as  abundantly  (or  nearly  so)  as  venous.    The  real  explanation 
the  peculiar  relation  of  the  Liver  to  the  Venous  circulation,  is  pro- 
bly  to  be  found  in  the  action  of  the  organ  upon  the  matters  newly 
sorbed  into  the  circulation  from  the  alimentary  canal.    That  this 
tion  is  not  only  assimilative,  as  already  shown  (chap.  vi.  Sect.  3),  but 
also  to  a  certain  extent  depurative,  appears  from  the  fact  that  the  liver 
I  ids  to  remove  from  the  blood,  and  to  store-up  in  its  own  substance, 
I  rtain  foreign  matters  of  an  injurious  kind, — such  as  copper  and 
seme, — which  have  found  their  way  into  the  tributaries  of  the  portal 
torn.    This  seems  also  to  be  the  case  with  respect  to  pus,  which,  when 
1  :en-up  from  ulcers  in  the  intestinal  walls,  is  stopped  in  the  liver,  and 
|  t  unfrequently  gives  rise  to  abscesses  in  its  substance.^ 

;  Ore  "Comptes  Rendns,"  1856,  p  463. 

'  ouch,  at  least,  was  found  to  be  the  case,  in  the  only  instance  in  which  the  Liver 
1  '  fxannned  with  sufficient  care.    See  Kiernan,  loc.  cit. 
f  •  ^Gaz.Med./' 1859,  p.  489. 

,1     Recoils  sur  les  Liquides  de  l'Organisme,"  1859,  vol.  ii.  p.  195. 

.^r  othcranastomoticbranches,  see  Schiff  in  Schweiz.  "  Zeits.  f.  Heilkunde,'" 
|  i.  1862. 

See  Dr.  G.  Budd's  "  Treatise  on  Diseases  of  the  Liver,"  2nd  edit.,  chap.  ii.  sect.  1 . 
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393.  It  is  difficult  to  say  how  far  the  chief  constituents  of  the  Bile 
are  elaborated  in  the  liver  itself  or  are  preformed  in  the  blood,  since 
although  the  tests  for  biliary  acids  are  far  more  delicate  than  those  em- 
ployed for  the  detection  of  urea,  no  trace  has  been  discovered  of  them  in 
the  blood  of  animals  whose  livers  have  been  extirpated,  though  it  might 
be  expected,  that  if  like  the  components  of  the  urinary  secretion,  they 
pre-exist  in  the  circulating  current,  and  are  merely  eliminated  from  it  by 
the  action  of  the  liver,  they  would  accumulate  in  it  when  that  elimina- 
tion is  checked  by  the  removal  of  the  secreting  organ.    Some  of  the 
constituents  of  this  very  complex  secretion  may  undoubtedly  be  found 
in  other  organs  or  fluids  of  the  body,  thus  cholesterin  is  found  in  the 
blood-lymph,  most  glands,  and  abundantly  in  the  brain.    Taurin  is  a 
constant  constituent  of  the  lungs  and  muscles  of  many  animals,  and 
taurocholic  acid  is  stated  by  Cloez  and  Vulpian  to  exist  in  the  supra- 
renal capsules.    Glycocoll  can  easily  be  obtained  from  hippuric  acidl 
which  is  constantly  present  in  the  urine  ;  and  even  the  colouring  matters! 
bilirubin  and  biliverdin  occur  normally  in  the  placenta  of  the  dog. I 
Still  there  can  be  little  doubt  that  the  pigmentary  substances  and  the! 
conjugated  tauro  and  glyco-cholic  acids  are  formed  in  the  liver  itself,  and! 
that  they  are  produced  at  the  expense  of  substances  of  an  excremen-l 
titious  character,  whose  retention  in  the  circulating  current  would  be! 
injurious;  this  being  strikingly  demonstrated  by  the  disturbance  of  the! 
functions  generally,  and  especially  of  those  of  the  Nervous  system,  which* 
is  consequent  upon  the  suspension  of  the  secreting  process.    When  the! 
suppression  is  complete,  the  powers  of  that  system  are  speedily  lowered!  - 
(almost  as  by  a  narcotic  poison),  the  patient  suddenly  becomes  jaundiced! 
and  death  rapidly  supervenes.*    When  the  secretion  is  diminished,  bul : 
not  suspended,  the  same  symptoms  present  themselves  in  a  less  aggraf  < 
vated  form.    It  is  probable  that  much  of  the  disorder  in  the  function* 
of  the  brain,  and  it  has  been  experimentally  shown  by  EiJhrig  that  thd 
well-marked  diminution  of  the  frequency  of  the  beats  of  the  heart  whiclj 
so  constantly  accompanies  deranged  action  of  the  digestive  system,  and]  \ 
especially  jaundice,  is  due  to  the  less  severe  operation  of  the  same  cause— j  / 
namely,  the  partial  retention  within  the  blood,  of  certain  constituents o| 
the  bile,  which  should  have  been  eliminated  from  the.  circulating  fluidl 
Such  an  abnormal  accumulation,  which  may  depend  either  on  a  deficit 
ency  in  the  functional  activity  of  the  liver,  or  on  an  excess  of  the  exj 
crementitious  matters  brought  to  it  for  elimination,  is  habitual  in  somj  I 
persons ;  and  it  produces  a  degree  of  indisposition  to  bodily  or  mentft 
exertion,  which  it  is  difficult  to  counteract.    More,  probably,  is  to  b|| 
gained  in  such  cases  by  the  regulation  of  the  diet,  especially  the  reductio 
of  its  hydrocarbonaceous  components,  and  by  active  exercise  (which,  h 
augmenting  the  respiration,  will  promote  the  elimination  of  any  supe 
fluity  of  this  kind  through  the  lungs),  than  by  continually  inciting  tl 
liver  to  increased  functional  activity,  by  medicines  which  have  a  speci; 
power  of  temporarily  augmenting  its  energy. — The  excrementitious  di- 
meter of  the  Biliary  secretion  is  very  strikingly  indicated  by  its  form 
tion  during  foetal  life  ;t  which,  as  it  can  then  have  reference  neither 

*  See  Prof.  Alison  in  "  Edin.  Med.  and  Surg.  Journ."  vol.  xliv. ;  and  Dr.  Bu 
op.  cit.,  chap.  iii.  .        ,  .  ,  •  _nntain 

f  It  has  been  shown  by  Simon  and  Frerichs,  that  the  meconium  which  is  com* 
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the  function  of  Digestion  nor  to  that  of  Eespiration,  must  be  regarded 
is  having  for  its  purpose  to  free  the  blood  of  matter  which  would  be 
njurious  to  it.  And  this  matter  can  hardly  arise  from  any  other  source 
shan  the  1  waste'  of  the  tissues  (consequent  upon  the  limited  duration  of 
heir  existence),  which  takes  place  even  when  the  life  of  the  organism  is 
nost  purely  vegetative. 

394.  From  what  components  of  the  Blood  the  materials  of  the  biliary 
ecretion  are  immediately  derived,  is  a  question  that  cannot  yet  be 
iswered  with  more  certainty  than  the  preceding.    The  close  resem- 
lauce  in  composition  between  the  resinous  acids  of  bile  and  the  ordinary 
its  (especially  olein),  naturally  suggests  the  idea  that  they  are  drawn 
•om  the  fatty  matters  of  the  blood  ;  an  opinion  which  was  supported  by 
lehmann,  on  the  grounds — first,  of  the  diminished  proportion  of  fat  con- 
fined in  the  Hepatic,  as  covnpared  with  the  Portal  Venous  blood; 
icondly,  of  the  increase  in  the  quantity  of  bile  observed  after  rich  fat 
iod ;  and  thirdly,  of  the  emaciation  which  occurs  in  animals  as  a  consc- 
ience of  the  formation  of  a  biliary  fistula,  in  spite  of  abundant  supply  of 
buminous  food.    It  must  be  acknowledged,  however,  that  there  are 
r  irious  objections  to  this  view,  both  physiological  and  chemical.  Thus 
\  is  maintained  by  Bidder  and  Schmidt,  that  the  flow  of  bile  is  not 
Y creased  by  a  predominance  of  fat  in  the  food,  and  that  animals  fed  ex- 
tensively on  fat  do  not  secrete  more  bile  than  those  entirely  deprived  of 
1 3d :  whilst  it  has  been  found  by  Nasse,  that  it  is  to  the  presence  of  a  large 
I  lount  of  albuminous  compounds  in  the  food  that  any  great  augmentation 
I; this  secretion  is  due.*  The  increase  of  the  secretion  after  each  ordinary 
jj*estion  of  food  (§  .120),  and  its  marked  and  progressive  diminution  in 
I  imals  entirely  deprived  of  aliment  (as  determined  by  MM.  Bidder  and 
I  hmidt),  seem  to  indicate  that  its  materials  may  be  directly  derived  in 
I  rt  from  albuminous  materials  which  do  not  undergo  metamorphosis 
jj  o  tissue ;  whilst  on  the  other  hand,  there  is  every  reason  to  believe,  that 
I :  production  of  the  components  of  bile  is  a  necessary  part  of  those 
»K)cesses  of  retrograde  metamorphosis,  by  which  the  materials  of  the 
I  *e  tissues  are  removed  from  the  system. — In  regard  to  the  influence 
I;  the  Nervous  system  on  the  secretion  of  Bile,  it  has  been  observed 
I  Goldschmidtj-  that  it  is  considerably  decreased  by  section  of  one 
j'-gus,  providing  the  respirations  diminish  in  frequency,  but  not  other- 
I:  e ;  when  both  Vagi  were  cut  the  secretion  diminished  to  one-half, 
ch  was  probably  attributable  to  the  embarrassment  of  the  lungs  and 

I  ie  intestinal  canal  at.  birth,  is  chiefly  composed  of  accumulated  bile  ;  and  Kiihne 
\  nynol.  Uhemie,"  1868,  p.  103),  after  referring  to  the  results  of  various  mvestiga- 
1 1,  observes  that  the  Bile  undergoes  the  same  changes  in  the  intestines  as  when 
j;  u  with  acids  or  alkalies,  or  when  allowed  to  putrefy.  These  changes  commence 
I  ie  lower  part  of  the  ilium,  and  are  completed  in  the  caecum  and  colon.  Glyco- 
I  c  acid,  which  is  decomposed  with  difficulty,  may  frequently  be  found  in  the  fasces 
I  llmala  in  which  it  constitutes  the  chief  biliary  acid,  whilst  in  the  faeces  of  Car- 
I  'a,  whose  bile  is  principally  composed  of  Taurocholic  acid,  only  cholalic  acid 
I  ars.  According  to  Bischoff  man  discharges  about  three  grammes  of  the  biliary 
i  -by  the  fasces  per  diom,  whilst  Voit's  estimates  give  eleven  grammes  as  the 
I  tity  daily  formed  by  the  liver;  eight  grammes  must  therefore  be  reabsorbed  or 
I  wise  disposed  of. 

I  pee  P™f-  Lehmann's  "  Physiologischen  Chemie,"  2nd  edit.,  Bd.  ii.  pp.  64-66. 
I  JP*J?enJ?ents  ma(lc  in  conjunction  with  Hausmann  and  Lissa  in  the  "Proceed 
|ot  the  Breslau.  Institut,"  Heidenhain,  1862. 
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heart,  consequent  upon  the  operation,  producing  engorgement  of  the 
liver,  a  condition  which,  when  produced  by  other  causes,  is  also  accom- 
panied by  diminution  in  the  secretion  of  Bile  ;*  and  this  explanation  is 
supported  by  the  fact,  that  section  or  irritation  of  the  Vagus  below  the 
Diaphragm  exerts  no  influence  on  the  amount  of  bile  secreted.  But 
besides  the  secretion  of  Bile,  it  appears  that  another  purpose  is  fulfilled 
by  the  Liver — the  production  of  an  amyloid  substance  termed  Gly- 
cogen ;  and  we  shall  now  proceed  to  consider  the  chief  facts  which 
have  been  ascertained  in  reference  to  this  so-called  '  Glycogenic  function 
of  the  Liver.' 

395.  It  had  long  been  well  known  that  Vegetables  were  capable  of 
producing  Starch  and  Sugar  from  the  inorganic  materials  of  their  food, 
but  the  presence  of  the  former  as  a  constituent  of  the  animal  body,  in 
the  test  of  one  of  the  Tunicata,  announced  by  Dr.  Schmidt,  and  cor- 
roborated by  the  observations  of  Lbwig  and  Kolliker,"]'  was  considered 
to  be  only  interesting  because  it  destroyed  what  had  till  then  been 
looked  upon  as  one  of  the  most  important  means  of  distinguishing  the 
tissues  of  the  animal  from  those  of  the  plant.    In  1848,  however, 
Bernard^  observed,  that  whilst  the  Blood  of  the.  system  generally,  and 
that  of  the  Vena  Portse  in  particular,  in  an  animal  fed  exclusively  on 
meat,  appeared  to  be  destitute  of  Sugar,  a  very  notable  quantity  could 
be  detected  in  the  blood  of  the  Hepatic  Vein  and  right  heart — that 
to  say,  in  the  blood  which  had  passed  through  the  Liver.    He  immedi 
ately  inferred  that  a  new  function,  the  formation  of  Sugar,  was  to  b 
attributed  to  the  Liver ;  that  the  sugar  so  produced  was  thrown  into); 
the  circulation,  and  then,  by  undergoing  combustion,  ministered  to  the} 
maintenance  of  animal  heat.    He  was  supported  in  this  view  by  tha! 
authority  and  analysis  of  Lehmann,§  who  suggested  that  the  Sugaa 
might  proceed  from  the  decomposition  of  albuminous  compounds,  sincai 
there  was  a  smaller  quantity  of  albumen  in  Hepatic  as  compared  wit-H! 
Portal  Venous  blood ;  and  there  were  also  good  chemical  grounds  foil 
supposing  that  albumen  might  split  up  into  nitrogenous  compounds! 
represented  by  the  conjugated  biliary  acids  (which  also  contain  the  suit 
phur),  and  into  non-nitrogenous  compounds  represented  by  Starch) 
Glycogen,  and  Sugar.    Bernard||  himself,  however,  was  disposed  toconj 
sider  that  the  Bile  and  Sugar  were  produced  independently  of  onl: 
another ;  first,  because  the  formation  of  Sugar  was  most  active  at  j 
much  earlier  period  after  food  than  that  of  Bile ;  and  secondly,  becaua  I 
in  one  of  the  Mollusca  (Limax  flava)  he  found  that  the  liver  secrete!  ij 
sugar  and  bile  alternately,  the  former  during,  the  latter  after,  digestion 
The  observations  of  Bernard,  from  their  novelty  and  interest,  attractef 
the  attention  of  many  chemists  and  physiologists,  and  it  was  soon  sho 
that  sugar,  though  in  comparatively  small  proportion,  was  frequent 
present  in  the  blood  of  the  general  circulation,  and  of  the  Vena  Port 
as  well  as  in  that  of  the  Hepatic  vein.    Thus  Chauveauf  found  in  t 

*  See  Korner  and  Strube's  Experiments  in  tbe  "Proceedings  of  the  Breslau. 
stitut,"  1862.  ,  ,r/1  . 

t  "Annales  des  Sciences  Naturelles,"  1846.       J  "  Archives  G6n.  de  M6decine 

§  "  Comptes  Rendus  de  l'Acad.  des  Sciences,"  1855,  p.  587. 

||  "  Lefons,"  1854-55,  p.  93  et  seq.,  a  vie-y  which  has  been  supported  on  1) 
logical  grounds  by  Accolas,  Thesis,  Strasbourg,  1867. 

M  "Uaz.  Med.,"  1857,  and  "L'Union  M6d  ,"  1857. 
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arterial  blood  of  a  Horse,  which  had  fasted  for  six  days,  0*06  per  cent, 
of  Sugar,  and  in  the  systemic  venous  blood,  0-05  per  cent.    Colin  also 
detected  traces  of  Sugar  in  the  Chyle  and  Lymph.    Very  careful  inves- 
;igations  Avere  made  by  Dr.  Harley,  Poiseuille,  Lefort,*  and  others,  to 
leterniine  the  proportion  of  Sugar  in  the  Liver,  and  in  the  blood  drawn 
rom  different  parts  of  the  body  in  animals'  under  different  circum- 
stances, the  general  results  of  which  appeared  to  be  that  sugar  existed 
n  the  blood  of  the  hepatic  vein  to  the  extent  of  about  1  per  cent,  dur- 
ng  fasting,  and  from  1|  to  2  per  cent,  at  a  period  of  full  digestion, 
vhilst  the  mean  quantity  found  in  the  liver  was  said  to  be  from  1^  to 
}  per  cent.    The  much  larger  proportion  of  sugar  obtained  from  the 
iver  of  Herbivorous  as  compared  with  carnivorous  animals,  especially 
tfter  a  meal  containing  much  amylaceous  or  saccharine  material,  natu- 
ally  led  to  the  supposition  that  these  substances  were  derived  from  the 
liment,  and  were  merely  deposited  in  the  tissue  of  the  liver ;  and  we 
ccordingly  find  Figuierf  and  Sanson^  arriving  at  the  conclusion  that 
vegetables  alone  are  capable  of  producing  starch,  a  part  of  which,  when 
jrined,  is  applied  by  the  plant  to  the  nutrition  of  its  own  tissues, 
rhilst  another  part,  stored  up  in  cells,  becomes  subservient  to  the  nutri- 
:on  of  Herbivorous  animals.    In  these  again,  a  portion  of  the  starch  is 
onsumed  in  the  vital  processes,  whilst  another  portion  is  distributed  to 
k  le  tissues,  being  especially  abundant  in  the  liver ;  and  to  this  source 

I  ley  believed  the  sugar  contained  in  the  blood  of  Carnivora  was  trace- 
l-ble.    This  view,  however,  became  untenable  when  it  was  shown  that 

I I  animals  fed  exclusively  for  months  on  ordinary  butchers'  meat, 
i  "which  no  trace  of  starch  or  sugar  is  present,  the  presence  of  sugar 

fi  t  the  liver  could  readily  be  demonstrated.  In  such  cases  it  was 
I  bvious  that  the  sugar  could  not  be  derived  directly  from  the  aliment, 
I  at  must  have  been  the  result  of  metamorphoses  taking  place  in  the 
I  ?er  itself. 

>  396.  In  the  meanwhile  Bernard,  pursuing  his  investigations,  was 
hrack  with  the  circumstance,  that  if  the  vessels  of  the  Liver  were 
,  oroughly  cleared  of  Sugar  by  the  injection  of  water,  a  fresh  supply  of 
I  at  substance  could  be  obtained,  after  the  lapse  of  a  few  hours,  upon 
i  -injection ;  showing  not  only  that  the  production  of  sugar  must  be 
|j-'.ternal  to  the  vessels,  and  in  the  very  substance  of  the  organ  itself,  but 
|  so  that  it  is  capable  of  taking  place  quite  independently  of  all  vital 
I  turn.    From  a  consideration  of  these  facts,  he  was  led  to  inquire 
I  lether  there  might  not  be  some  substance  formed  by  and  pre-existent 
the  hepatic  tissue,  from  the  metamorphosis  of  which  the  sugar  pro- 
|  eded ;  and  he,  coincidently  with  Hensen§  and  Pavy,||  was  soon  sue - 
|  38ful  in  obtaining  a  peculiar  substance  possessing  properties  inter - 
1:  idiate  between  those  of  starch  and  dextrine,  and  capable,  under  the 
I  Aon  of  ferments,  of  being  readily  converted  into  sugar,  and  of  ulti- 
itely  undergoing  alcoholic  or  lactic  acid  fermentation.   This  substance 

'  "Gaz.  Med."  1858. 

»  See  "Gaz.  Med.,"  "  Gaz.  Hebdomad.,"  and  "  C.  Rendus,"  1867. 
,    Journ.  de  la  Physiol.,"  1858,  p.  244;  1859,  p.  104. 
'  ,  Archiv  f.  Path.  Anat.,"  Bd.  xi.  p.  395. 

^uys  Hospital  Reports,"  1858,  p.  291  ;  1859,  p.  204 ;  1861,  p.  197.  "Phil, 
^s.,  1860. 
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was  termed  Glycogen  by  Bernard ;  Hepatine,  or  Amyloid  substance 
by  Pavy ;  and  Zo-amyline  by  Rouget  (§  54).    It  belongs  to  the  group 
of  colloidal  or  non-diffusible  bodies  (Pavy).    According  to  Pelouze  its 
chemical  formula  is  C12H12012.    More  recently,  however,*  the  analyses 
by  Dr.  Odling  of  amyloid  substance,  prepared  with  great  care  by  Dr. 
Pavy,  and  those  of  Dr.  Apjohn,f  seem  to  render  the  formula  C12H  0 
more  accurately  expressive  of  its  composition.    The  great  influence 
exercised  by  the  nature  of  the  food  on  its  amount  has  been  clearly  shown 
by  Dr.  Pavy,J  M'Donnell,  and  Tschermoff  .§  Dr.  Pavy  found,  on  analyz- 
ing the  livers  of  dogs  fed  exclusively  on  animal  diet,  about  7  per  cent,  o 
amyloid  substance  ;  whilst  in  those  fed  on  meat  and  sugar  it  amounted 
to  14*5  per  cent, ;  and  in  those  fed  on  vegetable  diet  alone  to  17  per  cent. 
He  also  obtained  the  following  results  in  two  series  of  experiments  o 
rabbits  : — In  No.  I.  two  full-grown  animals,  as  nearly  as  possible  resem 
bling  each  other,  were  taken ;  one  was  kept  fasting,  whilst  the  othe 
was  fed  for  three  days  on  1  oz.  of  starch  and  f  oz.  of  grape  sugar. 
In  No.  II.  the  rabbits  were  half-grown ;  and  whilst  one  was  again  kep 
fasting,  the  other  was  fed  on  1  oz.  of  starch  and  the  same  quantity  o 
cane  sugar  ; — 

No.  I. 

Relative  Percentage 
Weight  of      Weight  of       weight  of     amount  of  amy 
animal.  liver.  liver  to       loid  substance 

animal.  in  lirer. 

lb.  oz.  oz. 

Rabbit  fasting   8    X    *  ...     1$    ...     1:35     ...  1*3 

Rabbit  fed  on  6tarch  and  grape 
sugar   3    4     ...     2£     ...     1:18     ...    15  4 

No.  II. 

Rabbit  fasting   1  14     ...      1      ...     1:30     ...  14 

Rabbit  fed  on  starch  and  cane 
sugar   1  14|    ...     2|    ...     1:13     ...  16-9 

In  both  cases  the  livers  of  the  animals  fed  on  starch  and  sugar  werj 
pale  and  pulpy.  No  amyloid  substance  is  present  in  animals  dying  cj 
starvation  or  wasting  disease ;  but  in  rabbits  submitted  for  several  dayi 
prior  to  death  to  different  dietaries,  it  was  found  that  starch  and  sugal 
always  led  to  a  large  percentage  of  amyloid  substance  in  the  liver ;  thf 
greatest  amount  (21  per  cent.)  occurring  under  a  diet  of  starch  (1  oz.j 
sugar  (1  oz.),  and  phosphoric  acid  (3j)  ;  whilst  with  oil  (3vj),  gelatin? 
(80  to  150  grains),  and  albumen  (whites  of  2  and  4  eggs),  there  \rj 
either  none,  or  only  a  trace  discoverable.  Although,  as  the  foregoii* 
experiments  show,  the  amyloid  substance  is  much  more  abundant  in  tlf 
livers  of  animals  fed  on  starch  and  sugar,  from  which,  therefore, 
doubtless  in  part  proceeds,  it  must  not  be  overlooked  that  it  is  also  prj 
sent  in  animals  confined  to  a  pure  meat  diet ;  in  which  case  it  is  probablj 
that,  as  previously  suggested  by  Lehmann  in  reference  to  sugar,  v  nq 
it  was  considered  that  the  function  of  the  liver  was  to  produce  tnl 
substance,  it  proceeds  from  the  disintegration  of  albuminous  compounj 

*  Pavy  on  "Diabetes,"  1868,  p.  54  (for  the  perusal  of  tbe  proof-sbeets  of  winch' 
Editor  begs  to  express  bis  thanks).  , 
+  McDonnell,  "Observations  on  tbe  Functions  of  the  Liver,"  Dublin,  18oo. 
t  "Phil.  Trans.,"  1860,  p.  604. 
§  "  Sitz.  d.  k.  Akad.  zu  Wien,"  Bd.  li.  1865,  p.  412. 
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nto  hydrocarbonaceous  and  nitrogenized  substances.    In  1859,  Bernard* 
letected  the  presence  of  amyloid  substance  in  the  placenta  of  ruminants, 
a  which,  or  rather,  as  has  been  since  shown,  in  patches  of  cells  lying 
m  the  inner  surface  of  the  amnion — it  exists  in  considerable  quantities. 
Jhortly  afterwards,  Kougetf  discovered  it  in  various  embryonic  cellular 
issues,  as  in  the  epithelium  of  the  skin,  and  of  the  alimentary  and 
enito-urinary  mucous  membranes.   It  is  remarkable  that  it  is  not  found 
n  the  liver  till  its  histological  development  is  completed,  or  until  about 
.he  middle  of  intra-uterine  existence.    Substances  presenting  the  re- 
otions  of  starch  or  of  dextrin  have  recently  been  discovered  by  J affe  in 
be  substance  of  the  brain,  by  LimprichtJ  in  the  muscles,  and  by  Kiilme 
1  various  glands  and  pathological  growths.    Amyloid  substance  has 
I  een  found  also  in  the  bodies  of  several  invertebrate  animals,  as  in  the 
aail  (Bernard),  cockle  (Bizio§),  tape  and  round  worm  (M.  Foster||), 
j  nissel,  and  oyster  (Pavy^f) ;  but  in  these  instances  it  appears  to  have 
,  ttle  tendency  to  become  transformed  into  sugar.     The  1  corpora 
mylacea'  ofVirchow,  observed  as  pathological  formations  in  the  kidney, 
}oleen,  and  other  organs,  and  at  one  time  considered  to  be  identical  with 

I  cayloid  substance,  differ  from  it  essentially  in  containing  nitrogen.** 

L  397.  After  the  presence  of  an  amyloid  material  was  shown  to  be  con- 
|;;ant  in  the  liver,  and  to  precede  the  formation  of  sugar,  it  was  supposed 
riat  some  ferment  was  requisite  by  which,  either  in  the  hepatic  cells 
t  lemselves,  or  after  the  absorption  of  the  starch  into  the  blood,  its  con- 
ksrsion  into  sugar  could  be  rapidly  effected.    Many  efforts  were  made 

I I  ascertain  the  source  of  this  ferment ;  and  the  spleen,  thymus,  thyroid, 
I  ipra-renal,  salivary,  and  pancreatic  glands,  were  successively  extir- 
Yxted  by  Scliiff  ,*j"f*  without,  however,  his  being  able  to  determine  whether 
I  vy  of  them  were  instrumental  in  its  formation.  Hensen,  and  more 
l.:cently  Cohnheim,||  maintained  that  the  ferment  was  thrown  down  with 
i  e  amyloid  substance  on  the  addition  of  alcohol  to  the  cold  aqueous 
I  fusion  of  the  liver ;  that,  as  Bernard  had  observed,  it  was  rendered 
I  operative  by  boiling ;  and  finally,  that  it  was  contained  in  ordinary 
I  terial  blood,  and  in  the  blood  of  the  vena  portse,  the  addition  of  such 
I  ood  to  a  solution  of  glycogen  effecting  its  conversion  into  sugar.  The 
l-'cessity  for  the  existence  of  this  ferment  has  been  rendered  very 
I  'ubtful  by  the  investigations  of  Dr.  Pavy,§§  which  have  received  con- 
I:  mation  from  numerous  observers,  and  have  established  the  following 
I  portant  points : — That  the  liver  normally  and  during  life,  whatever 
I  vy  have  been  the  nature  of  the  food,  contains  little  or  no  sugar,  but  a 
I  nsiderable  proportion  of  amyloid  substance  ;  since  if  it  be  removed 
I  >m  the  body  instantly  after  death,  and  subjected  to  the  action  of  caustic 

carbonated  potash  or  soda,  or  of  extreme  cold,  no  saccharine  reaction 

I  J  Brown-Sequard's  "  Journal  de  la  Physiol.,"  1859,  p.  30.  t  Id.  p.  83. 

I  •  ,,£nnalen  der  Cht  mie  utid  Pharm.,"  Bd.  exxxiii.  p.  293. 
nil  «,  uptes  Ren(^us,"  Ixii.  p.  675. 

I  1*  Jrocfcdinga  of  the  Roy.  Soc,"  1865,  No.  79.  If  Op.  cit.,  1868,  p.  77. 

K  l.        Dr-  pavy's  Gulstonian  Lectures  for  1863. 

!'  U.  v.Unters-  iib.  die  Zuckerbildung  der  Leber,"  Wiirzburg,  1859. 

I  5  Virchow's  "  Archiv,"  Bd.  xxvii  p.  241. 

I  {?.  ^  »»  work  on  Diabetes,  1868.  See  Ritter,  "Zeitscbrift  f.  rat,  Med.,"  Bd.  xxiv. 
I  ?V  8^.h,ff'  "Journal  de  I'Anatomie."  Robin,  1866;  McDonnell,  "  Observations  on 
■  '  H  unctions  of  the  Liver,"  1865. 
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can  be  obtained,  though  the  presence  of  the  amyloid  substance  can  easily 
be  shown.  2.  That,  during  life,  there  is  under  ordinary  circumstances 
very  little  difference  in  the  amount  of  sugar  contained  in  different  speci- 
mens of  blood,  whether  withdrawn  from  the  systemic  arteries  or  veins 
the  portal  vein,  or  (by  means  of  a  catheter  introduced  through  the 
jugular  vein)*  from  the  right  auricle ;  the  latter  of  course  containing  a 
large  proportion  of  hepatic  venous  blood :  the  quantity  of  sugar  present 
in  all  instances  being  extremely  small,  and  varying  from  47  to  73-iOOOths 
of  a  grain  per  cent.  3.  That  during  life,  therefore,  very  little  amyloid 
substance  is  taken  up  by  the  blood  in  its  passage  through  the  liver,  as 
indeed  might  be  anticipated  from  its  low  power  of  dialysing  through 
animal  membranes.  On  the  contrary,  after  death,  and  frequently  from 
various  disturbing  causes  during  life,  such  as  violent  muscular  action  or 
embarrassment  of  the  respiration,  a  conversion  of  the  amyloid  substance 
into  sugar  takes  place  in  the  substance  of  the  liver  itself,  and  the  sugar 
so  formed  then  quickly  appears  in  the  blood,  often  to  so  great  an  extent 
as  to  occasion  diabetes. 

398.  At  an  early  period  of  the  history  of  the  glycogenic  function  of 
the  Liver,  it  was  found  that  the  formation  of  glycogen  could  be  influ- 
enced through  the  nervous  system.     Bernard,  for  instance,  observed 
that  when  the  floor  of  the  fourth  ventricle  was  pricked  with  a  needle,  so 
great  an  increase  was  effected  in  the  quantity  of  sugar  generated,  that 
that  substance  was  discharged  by  the  urine,  a  temporary  condition  of 
diabetes  being  established.    It  has  been  more  recently  ascertained  that  I 
section  of  the  vagi  and  of  the  cervical  sympathetics  does  not  prevent 
the  occurrence  of  diabetes,  and  hence  the  influence  is  not  transmitted 
-through  these  channels ;  but  Eckhardf  has  shown  that  if  the  splanchnics I 
are  divided,  puncture  of  the  fourth  ventricle  is  no  longer  followed  by  I 
the  occurrence  of  diabetes,  nor  does  this  take  place  on  applying  irritation! 
to  the  distal  ends  of  these  nerves,  so  that  some  apparatus  must  intervene! 
between  the  floor  of  the  fourth  ventricle  and  the  splanchnic  trunks  which! 
requires  to  be  irritated  before  diabetes  can  be  established.    Section  ofj 
the  inferior  cervical  ganglion  is  always  followed  by  marked  diabetes. I 
No  sugar  appears  in  the  urine  after  section  of  the  splanchnics  alone,! 
which  refutes  Schiff'sJ  opinion  that  the  diabetes  proceeds  from  enlarge-! 
ment  of  the  vessels  of  the  liver,  since  this  is  precisely  the  effect  on 
section  of  the  splanchnics. §    Eckhard  thinks  that  his  experiments  poind 
to  the  inferior  cervical  and  two  upper  thoracic  ganglia  as  the  portion  ou 
the  nervous  apparatus  especially  acted  upon  by  the  puncture  of  the! 
fourth  ventricle  in  giving  rise  to  Diabetes.    Diabetes  was  produced  byl 
Pavy  after  division  of  the  sympathetic  cord  in  the  neck,  and  after  division 
of  the  sympathetic  plexus  accompanying  the  vertebral  arteries.|| 

399.  The  influence  of  medicinal  agents  upon  the  glycogenic  function 
of  the  Liver  has  received  but  little  attention,  though  various  substance! 
are  known  to  be  capable  of  inducing  diabetes.  Cozel  found  the  proj 
portion  of  sugar  nearly  doubled  both  in  the  liver  and  in  arterial  blooj 

*  See  on  this  point  also  MacDonnell,  "  Proceedings  of  the  Royal  Irish  Society,! 
1868.  f  "  Beitrage  zur  Anat.  u.  Physiologie,"  1867,  Bd.  iv. 

X  "Archives  Gen.  de  Me'decine,"  1861,  vol.  i.  p.  113.  ..  m\ 

§  Seo  Humphry  and  Turner's  "  Journ.  of  Anat.  and  Physiol.,'  voU  »  P'  1 
||  Sec  "Guy's  IIosp.  Bop.,"  1859,  p.  204.  f  "  Comptes  Rendus,  180'- 
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fbcr  the  administration  of  morphia.     Pavy*  observed  well-marked 
iabetes.in  animals  after  the  administration  of  phosphoric  acid,  and  also 
■ter  poisonous  doses  of  strychnia,  when  the  circulation  was  maintained 
a  artificial  respiration.    Harley  obtained  the  same  result  in  himself 
ter  eating  freely  of  asparagus.    He  noticed  it  also  in  animals  after  the 
jection  of  ether,  chloroform,  liquor  ammoniae,  and  methylated  spirit, 
to  the  portal  vein.f    Certain  poisons,  as  woorara,  produce  it ;  and 
avnoso|  induced  diabetes  by  causing  animals  to  respire  the  vapour  of 
nzine  and  acetone,  and  found  that  it  followed  asphyxia,  slowly  pro- 
iced  by  the  inhalation  of  carbonic,  hydrosulphuric,  and  hydrocyanic 
id  gases.    Whilst  it  is  generally  admitted  that  the  phenomena  of  dia- 
tes  in  most  of  these  cases  are  due  to  disturbance  of  the  glycogenic 
nction  of  the  liver,  the  appearance  of  the  sugar  has  been  attributed  by 
cae  to  paralysis  of  the  Sympathetic,  occasioning  a  freer  circulation 
rough  the  liver,  which  is  again  accompanied  by  an  augmented  pro- 
ction  and  absorption  of  the  amyloid  substance,  and  a  consequent 
urease  in  the  proportion  of  sugar  in  the  blood,  so  that  at  length  it 
pears  in  the  urine ;  others  attribute  it  to  an  imperfectly  performed 
aversion  of  sugar  consumed  as  food  into  amyloid  substance  at  the 
ver ;  others  to  an  augmentation,  or  if  not  already  present,  to  a  de- 
lopment  of  the  sugar -forming  ferment ;    whilst  some,  as  Eeynoso, 
er  it  to  the  grave  disturbance  of  the  respiratory  function  constantly 
3sent,  which,  by  diminishing  the  proportion  of  oxygen  absorbed, 
2cks  the  combustive  operation  by  which  the  sugar  derived  from  the 
yloid  substance  is  eliminated  from  the  system.    The  administration 
I  large  doses  of  caustic  potash,  or  of  carbonate  of  soda,  is  stated  by 
.  Pavy  to  prevent  the  occurrence  of  diabetes  under  circumstances  in 
ich  it  would  otherwise  have  been  induced. 

100.  The  use  of  the  amyloid  substance  developed  in  the  Liver  is  in- 
j  ved  in  the  greatest  obscurity.     By  the  earlier  observers  it  was 
|jught  that  it  was  immediately  reconverted  into  sugar,  and  undergoing 
ibustion  in  its  passage  through  the  Lungs,  became  subservient  to  the 
|  intenance  of  animal  heat.    But  it  has  been  justly  urged  by  Dr. 
r  ?y — first,  that  it  is  extremely  improbable  that  grape  sugar  should  be 
verted  into  starch,  to  undergo  immediate  reconversion  into  sugar ; 
Dndly,  that  there  is  good  evidence  to  show  that  such  combustion  does 
take  place  with  the  facility  supposed,  since  if  a  small  quantity  of  sugar 
i  entrance  into  the  circulation,  it  circulates  through  the  vessels  over 
-  oyer  again ;  thirdly,  that  its  wide  distribution  through  the  embry- 
|  3  tissues  is  opposed  to  its  being  subservient  to  the  production  of  sugar 
the  respiratory  function ;  fourthly,  that  the  injection  of  solution  of 
f  (Donate  of  soda  causes  the  almost  immediate  disappearance  of  the 
I  r'loid  substance  from  the  Liver,  but  that  this  is  not  attended  by  the 
I  comitant  production  of  sugar  in  the  blood ;  and  fifthly,  that  sometimes, 
|  ugh  not  always,  in  animals  whose  temperature  has  been  lowered  by 
r  ig  their  coats,  no  amyloid  substance  is  discoverable  in  the  liver — the 
I  r  being  presumed,  in  such  cooled  animals,  to  be  in  the  state  natu- 
I  y  existing  in  life.    Dr.  Pavy  himself,  in  endeavouring  to  account  for 

t «" qr0CMd,ingsI  of  the  R°)'al  Society,"  No.  35. 

l  see  Med.-Chir.  Review,"  1857,  Oct.  1862,  and  "Proceedings  of  Royal  Society," 
I  '  t  "  Annal.  dea  Sci.  Nat."  1855,  p.  131. 
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the  development  of  amyloid  substance  by  the  Liver,  suggests  that  it 
production  may  be  regarded  as  representing  the  first  step  of  assimilatio 
of  the  starchy  and  saccharine  elements  of  our  food ;   and  as  thes 
elements  are  known  to  proceed  on  into  fat,  there  are  grounds  for  believ 
ing  that  amyloid  substance  occupies  an  intermediate  position  betwee 
the  two.    The  process  of  assimilation,  he  believes,  may  go  on  to  th 
production  of  fat  in  the  liver,  or  it  may  be  that  it  stops  short  at  th 
formation  of  another  principle  which  escapes  from  the  liver,  and  is  else 
where  transformed  into  fat,  or  into  the  resinoid  matter  of  the  bile.  I 
accordance  with  this  view  are  the  recent  researches  of  Tscherinoff,  who 
obtaining  similar  results  to  those  of  Dr.  Pavy  in  regard  to  the  amyloi 
substance,  noticed  also  that  the  use  of  food  containing  much  hydrocar 
bonaceous  matter,  as  sugar,  greatly  increased  the  proportion  of  fat  i 
the  liver.    The  circumstance  that  the  blood  which  enters  the  Liver  i 
rich  in  fibrin  and  albumen,  whilst  that  which  leaves  it  is  poor  in  ther 
materials,  has  led  Dr.  M'Donnell  to  suggest  it  as  probable  that  thes 
materials  break  up  into  secondary  hydrocarbonaceous  compounds  whicl 
are  partly  eliminated  by  the  bile  ducts,  and  are  partly  stored  up  a 
glycogen;  and  into  nitrogenous  compounds  which  reunite  with  th 
hydrocarbonaceous  amyloid  substance,  and  leave  the  liver  as  a  newl 
formed  protein  compound,  partly  perhaps  as  globulin,  and  partly  as 
material  resembling  casein  or  albuminose.    No  adequate  explanatio 
has  yet  been  offered  why  the  amyloid  substance,  which  undergoes  co 
version  so  rapidly  after  death,  should  escape  transformation  during  lifi 
since  it  can  easily  be  shown  that  admixture  with  the  blood,  even  for 
very  short  space  of  time,  will  produce  the  change ;  and  further  r 
searches  are  still  needed  to  elucidate  this  portion  of  its  history.  Takin 
however,  such  information  as  we  at  present  possess  into  consideratio 
we  seem  entitled  to  conclude  that  the  Liver  exerts  a  twofold  action 
the  blood  which  is  traversing  its  capillaries — an  assimilative  and  a  d 
purative.    By  its  operation  as  an  assimilating  organ  it  helps  to  prep- 
histogenetic  material  for  conversion  into  blood  and  solid  tissue,  in 
course  of  which  it  is  capable  of  producing  and  of  storing  up  amylaceous  a 
oleaginous  material  in  its  cells ;  whilst  by  its  depurative  action  it  fr 
the  blood  from  the  protein  compounds  which  are  destined  to  under 
retrograde  metamorphosis,  as  being  either  superfluous  or  effete, 
portion  of  these  is  again,  in  all  probability,  applied  to  the  production  | 
amyloid  substance  and  fat ;  whilst  the  remainder,  containing  the  nitrj 
gen  and  sulphur,  though  a  waste  product,  is  in  the  form  of  the  bile  maj 
subservient  to  digestion,  and  the  introduction  of  fresh  material  into  t| 
blood  before  its  final  discharge  from  the  body. 

3.  The  Kidneys. — Secretion  of  Urine. 

401.  The  Kidneys  cannot  be  regarded  as  inferior  in  importance  to  j 
Liver,  when  considered  merely  as  Excreting  organs ;  but  their  functj 
only  consists  in  separating  from  the  blood  certain  effete  substances  wnl 
are  to  be  thrown-o£E  from  it,  and  has  no  direct  connection  with  anyj- 
the  nutritive  operations  concerned  in  the  introduction  of  aliment  into  U 
system.  The  following  are  the  points  in  the  minute  structure  of  tni; 
organs,  which  are  of  most  importance  in  their  Physiological  ra  j 
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)ns.*  Their  glandular  and  vascular  elements  are  embedded  in  a  stroma 
mposed  of  interlacing  fibres  (Fig.  131,  d  d) ;  this  is  more  abundant  in  the 


Fig.  131. 


Section  of  the  Cortical  Substance  of  the  Human  Kidney: — A  A,  tubuli  uriniferi  divided  trans- 
!rsely,  showing  the  spheroidal  epithelium  in  their  interior;  b,  Malpighian  Capsule;  a,  its 
•  ferent  branch  of  the  renal  artery ;  b,  its  glomerulus  of  capillaries ;  c  c,  secreting  plexus  formed 
j  its  efferent  vessels ;  d  d,  fibrous  stroma. 

dullary,  than  in  the  cortical  substance  ;  but  at  the  surface  of  the  gland 
s  condensed  into  a  continuous  membrane,  which  is  loosely  connected 


Fig.  132. 


Fig.  133. 


Pig.  132. — Portion  of  the  Kidney  of  a  new-born 
infant  : — a,  natural  size;  a,  a,  Corpora  Malpig- 
biana,  as  dispersed  points  in  the  cortical  substance; 
b,  papilla. — b,  a  small  part  magnified;  a,  a,  Corpora 
Malpighiana ;  b,  tubuli  uriniferi. 

Pig.  133. — Portion  of  one  of  the  tubuli  uriniferi, 
from  the  Medullary  substance  of  the  kidney  of  an 
adult ;  showing  its  tessellated  epithelium. 


the  proper  capsule.  The  distinction  between  the  cortical  and  the 
Mary  part  of  the  Kidney  essentially  consists  in  this, — that  the  former 


«e  especially  Mr.  Bowman's  Memoir  in  the  "  Philosophical  Transactions, 


<< 'MtL. MlAkros.koPische  Anatomie.'^and  "  Man.  of  Hum.  Histol."  (Sydenham 


Licroa.  Anat.,"  I860;  Isaacs,  "Trans.  N.  Y.  Acad,  of  Med.,"  vol.  i.  1857  ; 
\\»  °"1,}gen  Abhandlungen,"  1862;  and  "Handbuch  dor  Anatomie,".  Bd.  ii, 
*  rey,    Bas  Mikro6kop,'F  1865,  p.  289. 
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is  by  far  the  most  vascular,  and  the  plexus  formed  by  the  tubuli  uriniferi 
seems  to  come  into  the  closest  relation  with  that  of  the  sanguiferous 
capillaries,  so  that  it  is  probably  the  seat  of  the  greater  part  of  the  pro- 
cess of  secretion  ;  whilst  the  latter  is  principally  composed  of  tubes,  passing 
in  a  straight  line  from  the  former  towards  their  point  of  entrance  into  the 
ureter.  The  tubuli  uriniferi,  in  passing  outwards  from  the  Calicos,  fre- 
quently divide  in  a  dichotomous  manner,  thus  becoming  greatly  increased 
in  number,  whilst  their  diameter  diminishes  from  l-300th  to  l-600th 
of  an  inch.  Each  branch  as  it  is  given  off  (b  b)  runs  back  towards  the 
apex  of  the  pyramid,  and,  after  a  course  of  variable  length,  loops  back 
(c  c)  towards  the  cortical  portion,  when  it  becomes  much  convoluted, 
and  terminates  in  a  dilatation  which  has  received  the  name  of  the  Mal- 
pighian  Capsule.  The  total  number  of  the  tubes  is  estimated  by 
Huschke  at  about  two  millions  (Fig.  134).  The  tubes  in  the  constricted 
part  of  their  course  are  lined  by  dark  granular  epithelial  cells,  which  are 
not  very  well  defined ;  but  in  the  wider  portions  the  cells  are  sub-cylin- 
drical, and  have  distinct  cell  walls.  They  are  very  prone  to  alteration, 
and  when  immersed  in  water  rapidly  become  distended  and  pale.  On 
examining  one  of  the  Corpora  Malpighiana  with  a  high  magnifying 
power,  it  is  found  to  consist  of  a  convoluted  mass  of  minute  blood- 
vessels (Fig.  134,  </)  ;  and  this  is  included  in  a  flask-like  dilatation  of  one 


Fig.  134. 


Fig.  135. 


Diagram  of  the  course  of  the  uriniferoua  tu- 
bule : — a,  orifice  of  tubule  at  apex  of  Malpighian  py- 
ramid ;  b,  recurrent  branches  which  form  loops,  c,  in 
the  medullary  portion  of  the  kidney,  and  terminate 
in  Malpighian  capsules  in  the  cortical  portion. 


Uriniferous  Tube,  MalpigH: 
Tuft,  and  Capsule,  from  mney  <j 
Frog:-a,  cavity  of  the  tube,  4 
epithelium  of  the  tube;  V,<&**\ 
epithelium  of  the  neck  of  the^ »fl 
sule;  b",  detached epithelmm  sc»i| 
e,  basement-membrane  of  tube^ a 
basement-membrane  of  espau'fl 
m,  convoluted  capillaries  ot 
Malpighian  tuft. 
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Fig.  136. 


f  the  tubuli  uriniferi  (Figs.  131,  b,  135,  c,  c').  According  to  Mr.  Bow- 
ian,  this  dilatation  proceeds  only  from  the  termination  of  the  tubulus ; 
id  this  seems  to  be  usually  the  case,  although  it  appears  not  improbable 
iat  it  may  sometimes  be  a  lateral  diverticulum,  as  described  by  Gerlach 
oe.  cit.).    The  epithelium,  which  elsewhere  lines  the  tube,  is  altered 
appearance  where  the  tube  is  continuous  with  this  capsular  dilatation 
'io-.  135,  V)  ;  being  there  more  transparent,  and  furnished  with  cilia  (as 
own  at  &"),  which,  in  the  Frog  and  other  Eeptiles,  may  be  seen  for 
any  hours  after  death,  in  very  active  motion,  directing  a  current  down 
e  tube.    Further  within  the  capsule,  this  epithelium  becomes  exces- 
/•ely  delicate,  and  sometimes  disappears  altogether. 
.402.  The  absolute  quantity  of  blood  traversing  the  kidneys  is  wonder  - 
Uv  great,  amounting,  according  to  the  calculations  of  M.  Brown- 
quard,*  to  nearly  2000  lbs.  per  diem.     The  Circulation  of  Blood 
rough  the  Kidney  presents  a  very  remarkable  peculiarity.  The  supply 
derived  in  man  (as  in  other  Mammalia)  direct  from  the  arterial 
item ;  though  in  Fishes  and  Eeptiles  the  urinary  apparatus  is  con- 
cted,  as  well  as  the  biliary,  with  the  portal  venous  system,  and  even  in 
jirds  a  portion  of  its  blood  is  derived  from  the  latter.    But  although 
=  organ  is  supplied  from  the  Eenal  Artery, 
it  is  not  to  its  proper  secretory  apparatus 
j  it  the  blood  of  the  artery  is  distributed  in  the 
it  instance ;  for,  on  entering  the  kidney,  this 
I*  sel  speedily  and  entirely  divides  itself  into 
Liute  twigs,  which  are  the  afferent  vessels  of  the 
lpighian  tufts  (Fig.  131,  a,  136,  af).  After 
fchas  pierced  the  capsule,  each  twig  dilates ; 
-I  suddenly  divides  and  subdivides  into  several 
,  uite  branches,  terminating  in  convoluted  capil- 
L-  es,  which  are  collected  in  the  form  of  a  ball 
1 5s.  131,  5,  136,  m  m);  from  the  interior  of  the 
I  .,  the  solitary  efferent  vessel,  ef,  arises,  which 
I  ses  out  of  the  capsule  by  the  side  of  the 
I  ;le  afferent  vessel.    This  ball  was  supposed 
I  Bowman  to  be  loose  and  bare  in  the  capsule, 

|  ig  attached  to  it  only  by  its  afferent  and     Distribution  of  the  Eenal 

"ent  Vessels:    but  the  examinations  of  Kbl-   vessels;  ixora.Kidney  of  Horse : 
[;.„+_„irT\T  j.  i        — a>  branch  of  Renal  artery; 

1  r,j  ana  01  Dr.  Isaacs,^  appear  to  prove  that  of,  afferent  vessel ;  m,m,  Mai- 

s  covered  with  oval  nucleated  cells.  The 
I  ent  vessels,  on  leaving  the  Malpighian  bodies,  surrounding  the  tubes ;  »t, 

I  irately  enter  the  plexus  of  capillaries  (Figs.  Sf*  *  5  *  convoluted 
j  ,  c,  136,  p)  surrounding  the  tubuli  uriniferi 

and  supply  that  plexus  with  blood ;  from  this  plexus  the  renal 

I I  arises.^  Thus  there  is  a  striking  analogy  between  the  mode 
I  Inch  the  tubuli  uriniferi  are  supplied  with  blood,  for  the  purpose  of 

I  '.!i)nn,;de  la  Physiol.,"  1858,  t.  i.  p.  305. 
I  t  Man.  Mic.  Anat ,"  I860,  p.  408. 
I    Irans.  of  N.  Y.  Acad.  Med.,"  vol.  i.  1857. 
1  ne  reader  will  find  a  good  summary  of  the  opinions  hold  by  Virchow,  Ludwig, 
<?f  r?>  on,tuc  course  of  tbe  vessels,  by  Dr.  Reg.  Southey,  in  the  first  volume  of 
ot.  Bartholomew  Hosp.  Reports,''  p.  177. 
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elaborating  their  secretion,  and  the  plan  on  which  the  hepatic  circulation 
is  carried-on.    For  as  the  secretion  of  the  Liver  is  formed  from  blood 
conveyed  to  it  by  one  large  vessel,  the  portal  vein,  which  has  collected 
it  from  the  venous  capillaries  of  the  chylopoietic  viscera,  and  which  sub-  t 
divides  again  to  distribute  it  through  the  liver,  so  the  secretion  of  the 
Kidney  is  elaborated  from  blood  which  has  already  passed  through  one 
set  of  capillary  vessels,  those  of  the  Malpighian  tufts ;  this  blood  is  col- 
lected and  conveyed  to  the  proper  secreting  surface,  however,  not  by  j 
one  large  trunk  (which  would  have  been  a  very  inconvenient  arrange- 
ment), but  by  a  multitude  of  small  ones,  the  efferent  vessels  of  the  Mal- 
pighian bodies,  which  may  be  regarded  as  collectively  representing  the 
portal  vein,  since  they  convey  the  blood  from  the  systemic  to  the 
secreting  capillaries.    Hence  the  Kidney  may  be  said  to  have  a  portal 
system  within  itself. — This  ingenious  view  of  Mr.  Bowman  finds  support 
from  the  fact,  that  in  Reptiles  the  efferent  vessels  of  the  Malpighian  bodies 
(which  receive  their  blood,  as  elsewhere,  from  the  renal  artery)  unite 
with  the  renal  branches  of  the  Vena  Porta?,  to  form  the  secreting  plexus 
around  the  tubuli  uriniferi.    Here,  therefore,  the  blood  of  the  secreting 
plexus  has  a  double  source,  the  vessels  which  supply  it  receiving  their 
blood  in  part  from  the  capillaries  of  the  organ  itself,  and  in  part  from 
those  of  viscera  external  to  it ;  just  as,  in  the  Liver,  the  secreting  plexus  j 
is  supplied  in  part  by  the  nutritive  capillaries  of  the  organ  itself,  which 
receive  their  blood  from  the  hepatic  artery,  and  in  part  by  the  blood! 
conveyed  from  the  chylopoietic  viscera  through  the  Vena  Porta?. 

403.  These  admirable  researches  of  Mr.  Bowman  on  the  structure  oil 
the  Malpighian  bodies,  and  on  the  vascular  apparatus  of  the  Kidney  J; 
have  thrown  great  light  upon  the  mode  in  which  the  Urinary  secretion! 
is  elaborated.    One  of  the  most  remarkable  circumstances  attending' 
this  excretion,  in  the  Mammalia  particularly,  is  the  large  but  variablajf( 
quantity  of  water,  which  is  thus  eliminated, — the  amount  of  whiclj 
bears  no  constant  proportion  to  that  of  the  solid  matter  dissolved  in  it|  ] 
The  quantity  of  water  Avhich  is  passed-off  by  the  Kidneys  depends  ill:  i 
part  upon  that  exhaled  by  the  Skin,  being  greatest  when  this  is  least! 
and  vice  versd  :  but  the  quantity  of  solid  matter  to  be  conveyed-awaj 
in  the  secretion  has  little  to  do  with  this,  being  dependent  upon  thl;] 
amount  of  waste  in  the  system,  and  upon  the  quantity  of  surplul 
azotized  aliment  which  has  to  be  discharged  throiigh  this  channel. — Thl . 
Kidney  contains  two  very  distinct  provisions  for  these  purposes.  Thl 
cells  lining  the  tubuli  uriniferi  are  probably  here,  as  elsewhere,  the  inl » 
struments  by  which  the  solid  matter  of  the  secretion  is  ehminatedj 
whilst  it  can  scarcely  be  doubted,  that  the  chief  office  of  the  Corpoir 
Malpighiana  is  to  allow  the  transudation  of  the  superfluous  fluid  throng! 
the  thin-walled  capillaries  of  which  they  are  composed.    "It  w0UJf 
indeed,"  Mr.  Bowman  remarks  *  "  be  difficult  to  conceive  a  dispositicj 
of  parts  more  calculated  to  favour  the  escape  of  water  from  the  bloo<| 
than  that  of  the  Malpighian  body.    A  large  artery  breaks-up  in  a  ver 
direct  manner  into  a  number  of  minute  branches ;  each  of  which  su 
denly  opens  into  an  assemblage  of  vessels  of  far  greater  aggrega 
capacity  than  itself,  and  from  which  there  is  but  one  narrow  exj 
Hence  must  arise  a  very  abrupt  retardation  in  the  velocity  of  the  c  j 

*  Loc.  cit.,  p.  75. 
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ent  of  blood."    The  vessels  in  which  this  delay  occurs,  lie  in  a  capsule, 
rom  which  there  is  but  one  outlet,  the  orifice  of  the  tube.  "This 
rifice  is  encircled  by  cilia,  in  active  motion,  directing  a  current  towards 
he  tube.    These  exquisite  organs  must  not  only  serve  to  carry  forward 
be  fluid  which  is  already  in  the  cell,  and  in  which  the  vascular  tuft 
5  bathed ;  but  must  tend  to  remove  pressure  from  the  free  surface  of 
le  vessels,  and  so  to  encourage  the  escape  of  their  more  fluid  contents." — 
(ere  we  see  the  essential  difference  which  exists  between  the  vital 
*ency  concerned  in  the  true  Secreting  process,  and  the  physical  power 
hich  occasions  fluid  exhalation  or  transudation.    This  difference  is 
recisely  the  same  as  that  which  exists  between  the  vital  act  of  selective 
■  ^sorption,  and  the  physical  operation  of  endosmose  or  imbibition.  By 
nbibition  and  Transudation,  certain  fluids  may  pass  through  organic 
etnbranes,  in  the  dead  as  well  as  in  the  living  body  ;  and  this  passage 
;pends  merely  upon  the  physical  condition  of  the  part,  in  regard  to  the 
aount  and  the  nature  of  the  fluid  it  contains,  and  the  permeability 
p  its  tissues.    To  chemical  investigation  the  tissue  of  the  kidney  yields 
-osite,  Taurin,  Leucin,  Tyrosin,    Kreatin,   Xanthin,  Hypoxanthin, 
[  vstin,  and  sometimes  Urea  and  Uric  Acid. 

I  404.  The  Kidney  is  liable  to  undergo  alterations  of  its  normal  struc- 
I  re,  from  a  perversion  of  its  ordinary  formative  processes,  which  are 
I  a  nature  very  analogous  to  those  occurring  in  the  Liver,  though  with 
Terences  arising  out  of  the  specialities  of  its  conformation.*  Several 
j  Ferent  kinds,  as  well  as  degrees,  of  such  alteration,  have  been  de- 
jj  ibed  (as  it  now  appears)  under  the  general  term  '  Bright's  disease,' 
I  ich  has  been  applied  almost  indiscriminately  to  almost  every  kind  of 
l/onic  disease  of  the  structure  of  the  Kidney,  whether  produced  by 
Ingestion,  inflammation,  or  fatty  degeneration,  that  is  attended  with 
I.  presence  of  albumen  in  the  urine.    It  must  not  be  supposed, 
I  vever,  that  any  of  these  lesions  are  invariably  coincident  with 
I  presence  of  Albumen  in  the  Urine  :  for  it  has  been  fully  proved,  on 
I  one  hand,  that  albumen  may  present  itself  in  this  excretion,  without 
alteration  in  the  structure  of  the  kidney ;  whilst  it  has  also  been 
Wn,  that  "various  forms  of  Bright's  disease  may  exist,  even  in  an 
i  I;  anced  stage,  without  any  albumen  being  detectible  in  the  urine. f 
|  ;se  variations  may  probably  be  attributed  to  two  classes  of  conditions — 
I  ,  the  state  of  the  albumen  in  the  blood  itself,  and  the  state  of  the 
I  llary  circulation  in  the  kidney.    We  have  seen  that  the  weak  form 
i  Ibumen  which  is  first  taken-up  by  absorption  from  the  alimentary 
I  d,  is  distinguished  by  its  proneness  to  transudation  (§  134) ;  whilst 
I  he  other  hand,  the  strong  albumen  of  the  egg,  if  injected  into  the 
3mic  blood-current,  or  even  if  introduced  in  large  quantities  into  the 
!  ach,J  finds  its  way  out  again  by  the  urine,  as  a  foreign  substance  ; 

For  full  accounts  of  the  pathological  conditions  of  the  Kidneys  and  of  the  Urine 
1  >  .rlit's  disease,'  the  reader  is  referred  to  the  recent  works  of  Drs.  Basham,  John- 
1  Dickinson,  and  Beale. 

l5>ec  Dr.  Beghie  in  the  "  Brit,  and  For.  Med.-Chir.  Eev.,"  vol.  xii.  p.  46. 

I^ee  Hammond  ("Experimental  Researches,"  Philad.  1857,  p.  31),  who  found  on 

J'Ctme  himself  to  a  purely  albuminous  diet,  that  his  urine  first  contained  a  great 
'  ,1  8  °'.urea)  and  on  the  8th  day  albumen  made  its  appearance.    Bernard  also 

1  na  its  presence  in  his  urine  after  eating  six  eggs  fasting  ("  Lecons,"  1859, 
.'■  I  ■  P-  1«^8). 
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an  assimilating  action  being  required,  in  the  case  of  each,  to  give 
it  the  normal  characters  of  blood-albumen.  It  is  probably,  in 
part  at  least,  to  the  want  of  such  perfect  assimilation  of  the  newly- 
absorbed  albumen,  that  we  are  to  attribute  the  increase  of  albumen  in 
the  urine  passed  soon  after  meals,  by  patients  suffering  under  Bright's 
disease;  something,  however,  may  be  due  to  the  simple  augmentation  of 
the  bulk  of  the  blood,  and  especially  of  its  solids.  But,  again,  any  cause 
which  produces  congestion  of  the  vessels  of  the  kidney,  favours  the 
passage  of  the  normal  albumen  of  the  blood  into  the  mine;*  and  thus 
we  see  how  albuminous  urine  may  be  produced  by  the  repulsion  of 
blood  from  the  cutaneous  surface  to  the  kidney,  or  by  the  determining 
influence  of  cantharides  or  other  irritant  diuretics,  or  by  any  obstruction 
to  the  return  of  blood  from  the  capillary  plexus  by  the  renal  veins.f 

405.  The  nature  and  purposes  of  the  Urinary  secretion,  and  the 
alterations  which  it  is  liable  to  undergo  in  various  conditions  of  the 
system,  are  much  better  understood  than  are  those  of  the  Bile :  this  is 
owing,  in  great  part,  to  the  two  circumstances,  that  it  may  be  readily 
collected  in  a  state  of  purity,  and  that  its  ingredients  are  of  such  a 
nature  as  to  be  easily  and  definitely  separated  from  each  other  by  simple 
chemical  means.    There  can  be  no  doubt  that  the  chief  purpose  of  this 
excretion,  is  to  remove  from  the  system  the  effete  azotized  matters,  whicl 
the  blood  takes-up  in  the  course  of  its  circulation,  or  which  may  have 
been  produced  by  changes  occurring  in  itself.    This  is  evident  from  the 
large  proportion  of  Nitrogen  in  the  solid  matter  dissolved  in  the  urine  a 
and  from  the  crystalline  form  presented  by  much  of  this  solid  mattea 
when  separated, — a  form  which  indicates  that  its  state  of  combination  ij 
such,  as  to  prevent  it  from  conducing  to  the  nutrition  of  the  systemj 
The  injurious  effects  of  the  retention  of  the  components  of  the  Urinar 
secretion  in  the  Blood,  are  fully  demonstrated  by  the  results  of  its  ces 
sation ;  whether  this  be  made  to  take  place  experimentally  (as  by  tyin 
the  renal  artery),  or  be  the  consequence  of  a  disordered  condition  of  fe 
kidney.    The  symptoms  of  Uraemia  (as  this  condition  has  been  appr 
priately  termed)  are  altogether  such  as  indicate  the  action  of  a  speci: 
poison  upon  the  Nervous  system;   affecting  either  the  Brain  or  tl 
Spinal  Cord  separately,  or  both  together.    In  the  first  form,  a  state 
stupor  comes  on  rather  suddenly,  out  of  which  the  patient  is  with  di  1 
ficulty  aroused ;  and  this  gradually  deepens  into  complete  coma,  w  \ 
fixed  pupils  and  stertorous  breathing,  just  as  in  ordinary  kinds 
narcotic  poisoning.     In  the  second  form,  convulsions  of  an  epilept 
character,  frequently  affecting  the  whole  muscular  system,  sudden 
occur ;  but  there  is  no  loss  of  consciousness.    In  the  third  form,  conJ  , 

*  See  Eobinson  in  "Med.-Chir.  Transact.,"  vol.  xxvi.  p.  51. 

f  Magendie,  indeed,  found  that  the  mere  injection  of  about  a  pint  of  water  into 
veins  of  a  large  dog  was  sufficient  to  cause  the  urine  quickly  to  become  albumin"! 
the  effect  remaining  for  10  or  12  hours  (Bernard,  "Lecons,"  1859,  vol.  u.p.  W 
Overbeck  ("  Sitzungsbericht  d.  k.  Akad.  d.  Wiss.  zu  Wien,"  1863,  p.  189), H»  * 
made  the  curious  observation,  that  compression  of  the  renal  arteries,  whilst  it  rap 
diminishes  the  quantity  of  urine  and  of  urea  secreted,  also  occasions  the  flisclm'|ft 
albumen  in  the  urine  ;  though  if  at  the  same  time  a  ligature  be  applied  to  tne  "  , 
the  appearance  of  albumen  is  completely  prevented.    Albuminous  urine  dot;  i 
observed  in  certain  forms  of  heart-disease  (Rayer),  and  after  certain  lesion 
nervous  system,  as  intra-cranial  section  of  the  fifth  pair  of  nerves  (Longet, 
logie,"  p.  952),  and  after  section  of  the  cerebral  peduncles  (Sohifl). 
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nd  convulsions  are  combined.  These  effects  have  been  attributed  by 
irerichs  and  others  to  the  conversion  of  urea  in  the  blood  into  carbo- 
ate  of  ammonia ;  but  the  more  recent  researches  of  Voit*  seem  to  show 
bat  we  are  rather  to  attribute  them  to  the  action  upon  the  central  parts 

'  the  Nervous  system  of  the  several  secondary  compounds,  and  to  the 
Ikaline  salts  proceeding  from  the  disintegration  of  the  albuminous  con- 

ituents  of  the  body,  which  are  retained  in  the  blood  in  this  disease; 

0  ammonia  being  generated  except  on  the  intestinal  mucous  membrane. 
406.  In  order  to  form  a  correct  opinion  of  the  state  of  the  Urinary 

3cretion  in  morbid  conditions  of  the  system,  it  is  desirable  to  be  ac- 
uainted  with  every  leading  particular  regarding  its  normal  character. — 
resh  healthy  Urine  is  a  perfectly-transparent,  amber-yellow- coloured 
quid,  exhaling  a  peculiar  but  not  disagreeable  odour,  and  having  a 
fcterish  saline  taste.    The  only  morphological  elements  which  it  nor- 
ally  contains,  are  pavement  epithelium  -cells  and  mucus-corpuscles  from 
ie  lining  of  the  urinary  passages;   which,  however,  are  present  in 
?althy  urine  to  only  a  very  small  amount.    But  in  certain  morbid 
ates  of  the  urine,  minute  cylindrical  bodies  are  seen  in  greater  or  less 
mndance,  which  are  obviously  derived  from  the  tubuli  uriniferi ;  these 
\  'e  sometimes  composed  almost  exclusively  of  the  epithelial  lining  of 
|  e  tubes,  of  which  the  cells  remain  adherent  to  each  other,  notwith- 

1  inding  their  detachment  from  the  basement-membrane  beneath ; 
I  hilst  sometimes  they  are  fibrinous  moulds  of  the  interior  of  the  tubes, 

cmed  by  exudation  of  granular  plastic  material,  and  containing  blood- 
l,  pus-corpuscles ;  whilst  in  other  instances,  again,  they  are  perfectly 
V.  insparent,  or  hyaline,  and  are  then  believed  by  Dr.  Basham  to  corre- 
fe.ond  to  the  viscid  mucous  exudations  poured  out  from  all  inflamed 

icous  surfaces.    The  first  of  these  forms  occurs  chiefly  in  desquama- 
r  e  irritation  of  the  kidneys ;  the  second  as  a  consequence  of  acute  in- 
|:  ruination,  and  the  last  in  the  advanced  stages  of  '  Bright's  disease,'  as 
'  U  as  in  the  gouty  and  atrophic  kidney. f — In  all  natural  conditions  of 
1 1?  Human  system  (even  when  a  vegetable  diet  is  used,)  the  urine  pos- 
l.ses  a  well-marked  acid  reaction.    When  it  is  left  to  itself  for  some 
1  ie,  slight  nebulae,  consisting  of  mucus,  are  formed  in  it ;  and  these 
I  idually  descend  to  the  bottom.    Soon  afterwards  an  unpleasant  odour 
I  Jeveloped ;  instead  of  an  acid,  an  alkaline  reaction  is  presented,  in 
I  isequence  of  the  decomposition  of  the  urea  into  carbonate  of  ammonia ; 
<|.I  a  precipitation  of  earthy  phosphates  then  takes  place.    A  turbidity 
I  y  be^  produced,  however,  by  the  precipitation  of  urates  of  soda  and 
1  monia,  on  the  simple  cooling  of  the  urine,  without  any  such  departure 

m  its  normal  composition  as  would  properly  constitute  disease,  but 
J  "ler  some  of  the  conditions  hereafter  to  be  specified  (§  409).  But  if 
r  urine  be  turbid  when  it  has  first  passed  from  the  body,  and  has  a 
I  'Perature  of  98°  or  100°,  it  must  be  considered  as  abnormal. 
1 107.  Quantity. — Dr.  Parkes,J  who  has  collected  the  averages  of 
l  ay  different  observers,  states  that  52^  fluid  ounces  may  be  con- 
I  Jred  to  represent  the  mean  quantity  of  urine  discharged  in  24  hours 

!  Henle  and  Meissner's  "Bericht,"  1867,  p.  358. 

I  Ir,e^'      a'lmirable  drawings  and  descriptions  of  these,  the  work  on  .Renal  Dropsy, 
JV.R.  Badiam,  M.D.,  1866 
f     On  the  Urine,"  p.  5. 

0  Q 


450 


OF  SECRETION  AND  EXCRETION. 


by  healthy  male  adults  between  20  and  40  years  of  age.*  The 
extremes  given  by  different  experimenters  are,  35  ounces  (Prout),  and 
81  ounces  (Bocker).    Almost  every  intervening  number  between  these 
two  remarkably-different  quantities  has  been  stated  by  one  observer  or 
another  to  be  the  usual  average.    Great  differences  therefore  exist,  even 
in  healthy  adults ;  and  the  amount  will  vary  with  the  quantity  of  fluid 
ingested,  the  external  temperature  and  consequent  activity  of  the  cuta- 
neous transpiration,  the  nature  and  quality  of  the  food,  the  temperament 
of  the  body,  and  perhaps  even  with  national  peculiarities.    Dr.  Ed. 
Smith,  from  daily  experiments  made  throughout  the  year,  has  shown 
that  during  a  cold  summer  (half-year  from  May  to  October)  the  average 
quantity  was  somewhat  more,  whilst  during  a  hot  summer  it  was  some- 
what less,  than  during  the  winter  six  months.    With  alcohol  given  to 
prisoners,  there  was  an  average  decrease  of  20  ounces  per  day  for  three 
days,  the  quantity  of  water  drank  being  unchanged.    With  a  day  of  rest 
the  quantity  was  less  than  on  days  of  labour,  and  there  was  more  on 
treadwheel  days,  notwithstanding  that  the  quantity  of  water  drank  was 
the  same,  and  there  was  more  perspiration  with  the  hard  labour.  It  has 
been  clearly  shown  by  Bernard, "j"  Ludwig  and  Goll,|  that  the  rapidity 
with  which  the  secretion  of  urine  takes  place,  is  to  a  very  important  ex- 
tent dependent  upon  the  pressure  of  the  bipod  in  the  vascular  system. 
In  one  of  the  experiments  recorded  by  M.  Goll,  the  urine  being  dis- 
charged by  the  ureters  at  the  rate  of  30  or  40  grains  per  minute,  the 
animal  was  bled,  when  the  flow  immediately  diminished  to  12  grains  per 
minute ;  but  upon  transfusing  into  its  veins  some  blood  taken  from) 
another  animal,  it  rapidly  rose  to  188  grains  per  minute.    In  like 
manner,  an  increased  flow  of  urine  occurs  when  the  pressure  of  the  blood 
is  either  increased  generally,  as  during  digestion  (Bernard),  or  locally  inj 
the  renal  capillaries,  as  by  ligature  of  the  renal  veins,  or  of  some  of  thel 
larger  systemic  arteries,  as  the  crural  and  axillary,  or  by  division  of  the! 
pneumogastric  nerves,  or  after  certain  lesions  of  the  fourth  ventricle  J 
whilst  a  diminution  is  observed  after  the  pressure  has  been  diminished} 
by  bleeding,  or  by  irritation  of  the  pneumogastrics,  which  depresses  tha 
action  of  the  heart,  or  by  compression  of  the  renal  arteries.    It  is 
this  principle  that  the  effect  of  cold  in  increasing  the  flow  of  urine 
to  some  extent  be  explained  ;  for  by  contracting  the  cutaneous  capillar: 
of  the  body  generally,  the  pressure  in  the  renal  vessels  must  obviousl 
be  increased.    Women  secrete  somewhat  more  urine  than  men,§  an 
children  nearly  twice  as  much  in  proportion  to  the  weight  of  the  bod) 
Some  time,  however,  usually  elapses  after  birth  before  the  kidneys  begi: 
to  discharge  their  function  with  activity  ;  the  urine,  up  to  the  third  daj 
being  usually  scanty,  albuminous,  destitute  of  urea,  and  containing  hv 
a  small  proportion  of  solid  ingredients.    When  a  great  excess  of  fun 
has  been  ingested  within  a  short  space  of  time,  it  is  rapidly  discharge 
by  the  kidneys,  nearly  all  having  escaped  at  the  expiration  of  2^  houi 
after  the  last  portions  have  been  taken. || — That  the  secretion  of  urine 

*  This  number  agrees  very  exactly  with  the  careful  experiments  of  Dr.  Ed.  Snuf 
and  Kaupp,  "  Arcbiv  f.  Phys.  Heilk.,"  Ed.  xiv. 
f  "Lecons,"  1859,  vol.  ii.  p.  155.  „  , 

f  "Zeitschr.  f.  Rat.  Med.,"  B.  iv.  p.  93.  §  Bonders,  "Phya, 

||  Thudichum,  "On  the  Pathology  of  the  Urine,"  p.  26,  1858. 
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influenced  to  an  important  degree  by  the  nervous  system,  is  sufficiently 
indicated  by  numerous  physiological  as  well  as  pathological  considera- 
tions.   The  exact  origin  and  nature  of  that  influence  is  still,  however,  a 
subject  of  controversy.    Amongst  mental  emotions,  fear  is  the  one  which 
most  powerfully  stimulates  the  kidneys  to  act,  and  the  effect  is  equally 
observable  in  animals  and  in  man.    It  may  act  like  cold,  by  producing 
congestion  of  the  abdominal  viscera  generally,  since  diarrhoea  is  also 
frequently  induced.    The  large  flow  of  urine  in  hysteria,  as  the  attack 
is  passing-off,  is  well-known ;   and  occasionally  this  occurs  also  as  a 
critical  discharge  in  some  febrile  affections.    Krimer*  was  the  first  who 
made  any  direct  experiments  upon  the  nerves  supplying  the  kidney  :  he 
jbserved  that  upon  section  of  the  renal  nerves,  albumen  made  its  ap- 
oearance  in  the  urine  with  the  colouring  matter  of  the  blood,  whilst  the 
proper  constituents  diminished  in  quantity. f    Removal  of  the  cerebrum, 
:erebellum,  or  spinal  cord,  produces  but  slight  change  in  the  quality  of 
lie  urine.    The  most  interesting  observations,  however,  that  have  yet 
>een  made  upon  this  subject  are  those  of  Bernard,  who  has  shown  that 
fa  particular  point  of  the  fourth  ventricle  be  injured  by  the  introduc- 
ion  of  a  fine  needle,  sugar  makes  its  appearance  in  the  urine ;  and  that 
f  this  spot  be  not  exactly  struck,  there  is  still  a  considerable  increase  in 
he  quantity  of  the  urine.    It  is  a  matter  of  common  observation  that 
ijuries  of  the  spinal  cord  are  followed  by  changes  in  the  constitution  of 
le  urine,  which  becomes  ammoniacal  and  precipitates  phosphates ;  but 
;  appears  to  be  doubtful  whether  these  changes  are  not  the  result  of  dis- 
rdered  secretions  from  the  walls  of  the  urinary  bladder,  the  urine  being 
pcreted  normally,  but  undergoing  in  its  course  through  the  uriuary  pas- 
riges  a  kind  of  fermentation,  which  induces  decomposition  of  the  urea 
l:id  the  formation  of  carbonate  of  ammonia. 

|4  408.  The  Specific  Gravity  comes  to  be  a  very  important  character  in 
r  irious  morbid  conditions  of  the  urine  ;  and  it  is  therefore  desirable  to 
I  innate  it  correctly.    This  also  is  of  course  subject  to  the  like  causes  of 
I  xriation ;  since,  when  the  same  amount  of  solid  matter  is  dissolved  in 
L  larger  or  smaller  quantity  of  water,  the  specific  gravity  will  be  propor- 
I:  Dnably  lower  or  higher ;  or,  the  quantity  of  water  remaining  the  same, 
I  i  increase  or  diminution  in  the  amount  of  solid  matter  will  raise  or 
liwer  the  specific  gravity.    It  has  been  commonly  supposed  that  the 
i  aount  of  solid  matters  in  the  urine  bears  such  a  constant  ratio  to  its 
I  ecific  gravity,  that  the  former  may  be  approximately  deduced  from 
I  e  latter ;  this,  however,  is  now  ascertained  to  be  by  no  means  the  case. if 
I  ill,  the  determination  of  the  specific  gravity  is  of  sufficient  importance 
1  r  diagnostic  purposes,  to  make  it  desirable  to  possess  an  average 
1  vndard,  as  nearly  approaching  to  accuracy  as  circumstances  will  permit. 
I  ie  average,  according  to  Dr.  Prout,  in  a  healthy  person,  taking  the 
|  lole  year  round,  is  about  1020;  the  standard  rising  in  summer  (on 
I  count  of  the  greater  discharge  of  fluid  by  perspiration)  to  1025  ;  and 

I  mg  lowered  in  winter  to  1015.    Simon,  however,  states  the  average 

I I  TiPhy9,  Unter9uch-."  1820. 

I "  Hermann,  however,  was  unable  to  observe  any  alteration  in  either  the  quantity 
f  quality  of  the  urine  secreted  after  section  of  the  nerves  accompanying  the  renal 
l  ^ne8._-Canstatt's  "  Bericht,"  1862,  p.  128. 
•  Nje  Lehmann's  "  Physiological  Chemistry"  (Cavendish  Society),  vol  ii,  p.  436. 
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specific  gravity  at  no  more  than  1012.  Dr.  Roberts*  observed  the  specific 
gravity  of  his  own  urine,  while  in  a  healthy  state,  to  vary  from  1001  to 
1036.  That  the  specific  gravity  does  not  bear  any  constant  relation  to 
the  quantity  discharged,  has  been  shown  by  Dr.  Hammond ;  who  noticed 
that,  although  the  afternoon  and  evening  urine  was  most  abundant  its 
specific  gravity  was  very  high,  in  consequence  of  its  containing  a  large 
proportion  of  solid  ingredients.  The  specific  gravity  of  the  urine  pro- 
bably depends  mainly,  in  each  individual  case,  upon  the  amount  of 
azotized  solids  and  of  aqueous  fluids  habitually  ingested,  allowing  for 
the  portion  of  the  latter  that  is  dissipated  by  cutaneous  exhalation  ;  and 
it  will  also  vary  with  the  period  that  has  elapsed  since  the  last  introduc- 
tion of  liquid  into  the  stomach.  From  these  and  other  causes,  the 
amount  of  solid  matter  in  1000  parts  of  urine  may  vary  from  20  to  70 
parts ;  and  hence  the  various  recorded  analyses  of  this  liquid  present 
very  wide  diversities  in  the  proportions  of  its  solid  constituents.-)-  These 
discrepancies,  however,  being  chiefly  due  to  the  fluctuating  amount  of 
water,  become  very  much  less  (as  Simon  pointed  out)  when  we  calculate 
the  proportion  which  each  principal  component  bears  to  100  of  solid 
residue  ;  as  is  shown  in  the  following  Table  : — 

Berzelius 

Urea   45-10 

Uric  acid   l-50 

Extractive  matter,  Ammonia-salts,  )  qr.oa 

and  Chloride  of  Sodium  .    .    .    \  00  M 

Alkaline  Sulphates   10-30 

Alkaline  Phosphates   6  88 

Phosphates  of  Lime  and  Magnesia  .  l-50 

We  shall  presently  find  the  principal  cause  of  some  of  the  variations  even 
here  shown,  to  lie  in  the  nature  of  the  ingesta.   The  Table  on  page453|l 
will  show  the  usual  constituents  of  healthy  urine,  and  the  quantities  ex-j 
creted  in  24  hours.    It  is  difficult,  if  not  impossible,  to  determine  the! 
exact  mode  in  which  the  acids  are  distributed  amongst  the  bases,  but 
the  Chlorides  and  Phosphates  seem  to  be  eliminated  in  the  following 
proportions : — 

Grains  in  24  hours. 

Chloride  of  Sodium  about  250 

Chloride  of  Ammonium   „  35 

Phosphate  of  Magnesia   5  )  Lehmann  and 

Phosphate  of  Lime   „      10  j  Kletzinsky. 

The  relation  between  the  two  last  is  reversed  by  Neubauer. 

The  urine  contains,  in  addition,  free  carbonic  acid,  oxygen,  and  nitroge 
gases ;  together  with  a  certain  and  not  inconsiderable  quantity  of  extrac 
tive  matters,  consisting  of  substances  whose  nature  has  not  been  accu 

*  "Edinb.  Med.  Journ.,"  1860. 

f  It  is  remarked  by  Lehmann  (Op.  cit.,  p.  447),  that  the  urine  of  the  French  i 
poorest  in  solid  constituents,  especially  in  urea  and  uric  acid,  and  that  of  the  Englis 
the  richest,  that  of  the  Germans  being  intermediate  between  the  two;  the  ratio  i 
each  nation  being  in  conformity  with  the  proportion  of  animal  food  entering  into  i 
ordinary  diet.  _  , 

J  Chiefly  drawn  up  from  the  works  of  Parkes,  "  On  the  Urine,"  1860,  Lond. ;  J  ona 
chum,  "On  the  Pathology  of  the  Urine,"  1858,  Lond. ;  and  Neubauer  and  VogeJ,  " 
the  Urine,"  Lond.  1863,  New  Sydenham  Society's  Translation ;  to  which  exceiie 
treatises  the  reader  desirous  of  further  information  is  referred. 


Lehmann. 

Simon. 

MarchaDd. 

4968  .. 

33-80  . 

..    48  91 

1-61  .. 

1-40 

l-59 

2895  .. 

42-60 

..  32-49 

11-58  .. 

8-14  . 

..  10-18 

5-96  .. 

650 

..  457 

197  .. 

1-59 

..     1 81 
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rately  determined,  as  in  the  case  of  those  containing  sulphur  and 
phosphorus,  the  substance  termed  Oxide  of  Omichmyl  by  Scharling 
(which  is  apparently  of  a  resinous  nature),  and  others.  The  aggregate 
amount  of  the  extractives  is  estimated  by  Dr.  Parkes  at  154  grains  per 
diem,  and  constitutes  a  wide  and  very  important  field  for  future  inves- 
tigations. It  will  thus  be  seen  that  the  total  quantity  of  solid  material 
eliminated  by  the  kidneys  does  not  fall  far  short  of  900  grains  in  the  24 
hours  for  a  healthy  adult  man  weighing  150  lbs.,  the  proportion  of 
organic  compounds  being  aboiit  550  grains,  and  of  inorganic  about  300 
grains. — Under  the  head  of  constituents  not  constantly,  or  not  certainly 
present,  or  perhaps  present  only  in  disease,  may  be  enumerated  albumen, 
fibrin,  kreatin,  sarkin,  grape-sugar,  lactic  and  oxalic  acids,  fatty  sub- 
stances, biliary  colouring  matter,  salts  of  the  biliary  acids,  allantoin, 
leucin,  and  tyrosin,  cystin,  inosite,  taurin,  hsematin,  pus,  spermatozoa, 
carbonate  of  ammonia,  phosphate  of  ammonia,  and  magnesia  and  sul- 
phuretted hydrogen,*  besides  various  substances  consumed  as  food  and 
eliminated  by  the  kidneys,  as  the  colouring  and  odorous  matters  of 
various  vegetables  and  certain  metals. 


Urinary  Constituents. 


h  Acids 


Urea  

Uric  Acid  .... 

Hippuric  Acid    .  . 

Kreatiuine     .    .  . 

Sugar   .    .    .    .  . 

Xanthine  .... 

Phenylic  .... 

Taurylic  

Damaluric  .... 

Damolic  .... 

Crystalline  fatty  acid, 
possibly  Palmitic 
(Shunck)    .    .  . 

Oxaluric  .... 

Pigment  .... 

Mucus  

Inorganic  Salts  

(varying  greatly  in  their  relative 
proportions  according  to  the  nature 
of  the  food,  and  composed  of) 

Sulphuric  Acid  

Phosphoric  Acid  

Chlorine  

Potash  

Soda  

Lime  ...... 

Magnesia   \ 

Silicic  Acid  .  . 


Average  quantity  excreted 
in  21  hours,  in  grains. 


512 
8.5 

15 

15 


Traces. 


140  to  380 


17-34  to  41-14 

31  to  79 
51-87  to  173-2 
26-36  to  107-7 
7975  to  171-0 
2-33  to  6-36 
2-53  to  4-21 


Traces. 


Average  quantity  excreted 
for  each  1  lb.  avoird.  of 
body-weight  (estimating 
this  at  150 lbs.),  per 
diem,  in  grains. 


3-5 

0-057 

0-1 

o-i 


0-933  to  2  53 


0-115  to  0-27 
0-207  to  0-526 
0-345  to  1-154 
0-175  to  0-718 
0-531  to  1-14 
0-015  to  0-042 
0-016  to  0-028 


409.  The  most  important  of  the  organic  constituents  of  the  Urine  is 
I  aat  which,  from  its  being  the  principal  source  of  the  characteristic  pro- 


*      Gorup-Besanez,  "  Phys.  Chemie,"  p.  510. 
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perties  of  the  secretion,  is  termed  Urea.*  Its  chemical  relations  are 
stated  to  be  best  explained  upon  the  hypothesis  that  it  is  the  diainide  of 
carbonic  acid.j-  This  substance,  as  already  mentioned  (§§  162,  182), 
exists  preformed  in  the  blood  in  the  proportion  of  from  2  parts  (in  renal 
venous)  to  4  parts  (in  renal  arterial  blood)  in  10,000.  It  possesses  the 
power  of  dialyzing  through  animal  membranes  with  remarkable  facility, 
almost  equalling  carbonate  of  potash  in  this  respect.  J  The  absolute 
quantity  of  urea  eliminated  in  24  hours,  varies  with  age,  season,  weight 
of  body,  food,  and  occupation,  and  has  been  made  a  subject  of  examina- 
tion by  various  chemists.  The  subjoined  Table§  gives  the  results  of 
some  of  the  more  recent  analyses : — 


Age  in 

Weight  in 

Grains  of 
Urea  ex- 

Proportion 
of  Urea  ex- 
creted to  1000 
parts  of  body- 
weight  in  24 
hours. 

Ditto  for 
every  lib. 

— 

Years. 

lbs.  avoird. 

creted  in 
24  hours. 

of  body- 
weight. 

Authority. 

Girl  

3J 

35-7 

199-8 

0-79 

5-67 

I  Scherer. 

Boy  

7 

492 

281*8 

081 

5-72 

22 

137-8 

415-8 

0-43 

2-94 

J 

38 

153  7 

459-2 

0-42 

3 

Boy  

3 

29-8 

207-7 

103 

6-96 

Boy  

4 

317 

240-2 

1-08 

7-57 

Girl  

5 

36-9 

280-2 

1-08 

7-59 

^-Riimmel. 

Youth  .... 

18 

129-1 

562-1 

0-62 

4-36 

Man  

31 

163  7 

604-9 

051 

3-69 

Man  

65 

127-9 

295-2 

0-33 

2-31 

Boy  

3 

35 

65-7 

0-53 

1-9 

Youth  .... 

16 

107 

305-8 

0-41 

2-85 

Girl  

18 

145 

310-9 

0-30 

2-14 

.  Bischoff. 

Woman  .... 

43 

107 

389-9 

0-28 

363 

Man  

45 

237 

579-5 

035 

2-44 

Man  

42 

196 

519 

273 

Ed.  Smith. 

From  an  examination  of  such  tables  as  this  we  may  draw  the  conclu- 
sions, that  the  average  quantity  of  urea  discharged  by  a  man  of  good 
bodily  health,  is  about  500  grains  per  diem ;  and  that  children  of  from 
3  to  7  years  of  age  excrete,  proportionately  to  their  weight,  about  double 
the  quantity  of  urea  per  diem  excreted  by  men  in  adult  life,  the  quan- 
tity still  further  diminishing  in  old  age.  The  minimum  amount  ex- 
creted by  an  adult  whilst  fasting  and  at  rest  is  about  2  grains  per  1  lb. 
of  body-weight. 

Season. — Dr.  Ed.  Smith, ||  in  the  course  of  the  year,  found  that  the 
daily  quantity  (in  himself)  varied  from  219  to  upwards  of  700  grains, 
the  average  upon  the  whole  being  519  grains.  The  proportion  to  each 
1  lb.  of  body-weight  was,  on  the  whole  average,  2*76  grains.  But  in 
*  Urea  (C8H4N202)  contains  467  per  cent,  of  nitrogen,  and  is  isomeric  with  cyanate 


C202  . 

of  ammonia  (NH40,C2NO),  and  with  carbamide    H2  \  Na. 

H2 ) 

f  "  Miller's  Chemistry,"  vol.  iii.  p.  615. 

t  See  Weikart,  Wagner's  "  Archiv  d.  Heilkunde,"  1862,  p.  119. 
§  Partly  taken  from  Dr.  Day's  "  Physiolog.  Chemistry,"  1860.      t  • 
||  "  Proceedings  of  the  Royal  Society"  for  May  30,  1861,  and  a  private  common 
cation. 
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xperiments  in  prisons,  either  with  or  without  hard  labour,  the  propor- 
[on  varied  from  3-72  to  5'82  grains  to  each  1  lb.  of  body-weight;  so 
hat  he  is  of  opinion  that  the  relative  proportion  is  of  no  scientific  value, 
'here  was  increase  with  diminished  temperature  and  with  increased 
tinospheric  pressure,  and  hence  variations  in  the  relations  of  these  two 
wrencies  varied  the  results.  The  increase  in  the  elimination  of  urea  with 
old  was  often  deferred  until  the  following  day.   The  period  of  elimina- 
on  is  not  that  of  production,  and  whatever  increases  elimination  of 
,  rine  increases  that  of  urea  also. 
Period  of  the  day. — The  greatest  hourly  elimination  of  urea,  in  Dr. 
mith's  experiments,  occurred  after  the  breakfast  and  tea-meals;  whilst 
was  least  during  the  hours  of  the  night  and  early  morning.  Eanke 
>und  that  it  steadily  diminished  from  the  morning  to  the  evening. 
Sex. — According  to  Dr.  Parkes,  the  quantity  of  urea  excreted  every 
4  hours,  for  1  lb.  of  body- weight  is,  for  men,  about  3^  grains;  for 
omen,  about  3  grains.    During  menstruation,  according  to  Beigel,  the 
seretion  of  urea  diminishes,  but  subsequently  it  is  increased. 
Food. — Variations  in  the  quantity  and  quality  of  the  food. occasion 
treat  differences  in  the  proportion  of  the  urea.    The  following  Table 
I  ives  the  results  of  some  of  the  best  observers : — 


Ranke.* 

Lehmann.t 

Haughton.J 

Warnecke.§ 

Kolliker  and 
Franque.|| 

I.  Mixed  Diet  . 
II.  Highly  Ani- ) 

mal  Diet  ) 

II.  Vegetable  Diet 
V.  Non-azotized  ) 

Diet    .    .  \ 

463-617 
1332 
264 
264 

501-76 
821-37 
347-10 
237-90 

576 
394 

Man.  Woman. 
520  414 

389  6  310 

586-7 
1420 
447-7 
262-48 

j;  The  immense  amount  discharged  upon  a  highly  albuminous  diet  is 
^•rorthy  of  partictdar  notice,  as  tending  to  show  that  the  urea  is  derived 
frectly  from  the  disintegration  of  the  nitrogenous  constituents  of  our 
Bod  in  the  blood.    The  quantity  of  urea  always  increases  after  food, 
i  Gaining  its  maximum  usually  about  the  3rd  or  4th  hour.    When  an 
t  amal  is  fed  on  fat  and  water  exclusively,  or  on  starch  and  fat,  with 
I  very  small  admixture  of  albuminous  compounds,  or  on  sugar,  the 
f-cretion  of  urea  falls  even  below  the  proportion  found  in  absolute  star- 
I  tion,^[  apparently  because  when  no  food,  or  an  inadequate  quantity 
|  flesh-food,  is  given,  the  animal  consumes  some  of  its  own  flesh  in 
I  iler  to  maintain  its  temperature,  and  thus  more  Nitrogen  is  elimi- 
I  ted  than  when  fat  is  supplied ;   for  this,  by  combining  with  the 
|  ^ygen*  keeps  up  the  temperature,  and  spares  the  tissues  of  the  ani- 
I  ii.  _  It  is  certain  that  nearly  the  whole  of  the  Nitrogen  consumed  as 
I 'd  is  eliminated  by  the  urine  in  the  form  of  urea.    Thus  in  an  ex- 
j  nment  made  by  Prof.  Parkes,**  extending  over  sixteen  days,  two  men 

Ik  T<(lrandzUge  der  Physiologic,"  1868,  p.  406. 

r  Lohmann,  "  Phy8.  Chera."  (Cav.  Soc.  ed.)  vol.  ii.  pp.  450-452. 
t  -  Waughton,  "  Dublin  Quart.  Journ.,"  1859.  §  "  Dub.  Med.  Press,"  1859. 

I    I*rordt' '' Ph?8-'"  186°-  t  Ludwig>  P-  381,  vol.  ii. 
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who  consumed  in  that  period  31376  grammes  of  nitrogen  in  their  food, 
discharged  by  the  urine  in  the  same  time  303-66  and  307-257  grammes 
respectively,  the  difference  being  made  up  by  the  faeces  and  other  ex- 
cretions. Every  grain  of  urea  may  be  regarded  as  proceeding  from  the 
disintegration  of  3  grains  of  Protein,  and  represents  the  amount  of 
work  performed  in  raising  1-4  ton  through  one  foot.  So  that  on  the 
supposition  that  501 -28  grains  are  eliminated  in  the  day,  the  amount 
of  work  performed  would  amount  to  218,786  kilogrammeters,  or  704 
foot  tons  (Haughton).  Genth*  has  shown  that  an  increase  in  the 
quantity  of  water  drank  is  followed  by  a  marked  increase  in  the  I 
quantity  of  urea  eliminated,  and  this  especially  if  the  water  be  taken, 
not  between,  but  at,  meal-times.  Certain  substances  consumed  with 
the  food  increase  the  quantity  of  urea  excreted ;  amongst  these  are 
Urea  itself  and  Uric  Acid,  common  Salt  (Voit),  Phosphoric  Acid 
(Bbcker),  Glycin,  Guanin,  Theobromine,  Cubebs,  and  Cantharides.fl 
On  the  other  hand,  it  is  diminished  by  Digitalis,  Arsenic,  Turpentine,  I 
and  Alcohol. 

Exertion. — The  influence  of  muscular  exertion  on  the  excretion  of  j 
Urea  is  a  subject  to  which  great  attention  has  been  directed  during  j 
the  last  few  years,  as  being  likely  to  afford  some  insight  into  the  source! 
of  muscular  energy,  and  to  show  whether  the  force  exerted  by  muscle  } 
is  derived  from  the  disintegration  and  oxidation  of  its  own  proper  suh-  i 
stance,  or  whether  it  proceeds  from  the  oxidation  of  certain  constituents,! 
and  especially  of  the  hydrocarbonaceous  constituents  of  the  blood,  the! 
heat  derived  from  which  the  muscular  tissue  is  capable  of  converting 
into  mechanical  force.    In  the  former  case  we  should  naturally  expect 
that  the  nitrogenous   products  of  the  disintegrated  muscular  tissue 
would  appear  in  the  urine,  in  the  latter  we  should  anticipate  an  increase 
in  the  amount  of  carbonic  acid  and  water  eliminated  from  the  body, 
without  material  increase  in  the  excretion  of  Nitrogen  by  the  mine 
The  facts  of  the  case,  as  will  be  seen,  are  opposed  to  the  view  tha 
the  tissue  of  the  muscle  is  materially  disintegrated  during  exercise 
and  in  favour  of  the  view  that  the  energy  is  derived  from  the  oxida 
tion  of  hydrocarbonaceous  compounds.      The  experiments  of  Dr.  Ed 
Smith  were  amongst  the  first  to  show  that  muscular  exercise  was  no 
attended  with  any  notable  increase  in  the  amount  of  Urea  eliminated 
He  found  that  with  violent  labour,  as  that  of  the  treadwheel,  there  vr 
only  an  increase  of  19  grains  daily  over  that  of  light  labour.    On  Sun 
day  there  was  an  increase  with  increase  of  food ;  but  in  prisoners  with 
out  variation  of  food,  with  spare  systems,  and  with  increase  in  thefa?c 
there  was  a  decrease.    Similar  results  were  obtained  by  Voit,|  who,  i 
consequence  of  the  very  small  differences  that  occurred  in  the  quantati 
of  urea  eliminated  in  fasting  animals  (Dogs)  with  and  without  wor 
believed  that  such  slight  increase  of  urea  as  really  occurs  after  sever 
labour,  is  due  to  increased  thirst  and  ingestion  of  water,  together  wit 
increased  rapidity  of  the  movements  of  the  heart  and  lungs.  -L<e 
mann's§  experiments  also  showed  that  no  increase  of  urea  took  place  i 

*  "  Untersnch.  iiber  den  Einfluss  des  Wassertrink.  auf  den  Stoffwechsel,"  1856. 
t  v.  Gorup-Besanez,  "Physiolog.  Ckeni.,"  p.  540,  1862. 
I  Henle  and  Meissner,  1860,  p.  373. 

§  "Archiv  des  Vereins  fur  Wissenschaft.  Heilkundo,"  vol.  iv.  p.  484,  18bU- 
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ose  engaged  in  active  exercise.  In  1866  an  important  experiment 
saring  on  this  point  was  made  by  MM.  Fick  and  Wislicenus.*  These 
(servers  investigated  the  changes  occurring  in  the  elimination  of  Nitro- 
m  by  the  Urine  during  the  ascent  of  the  Faulhorn,  one  of  the  peaks 
'  the  Swiss  Alps,  and  about  2000  feet  in  height.  They  took  no  albu- 
!nous  food  for  seventeen  hours  previously,  nor  during  the  ascent, 
ich  occupied  eight  hours,  nor  for  six  hours  after,  their  diet  consist- 
ed of  biscuits  of  starch,  fat,  and  sugar.  The  examination  of  the  urine 
,ve  the  following  results  : — 

The  average  quantity  of  Nitrogen 
excreted  per  hour  was,  by 

s-  1  v-  ^ 

Urine  of  the  night  previous  to  the  ascent — a  period   Fick.  Wislicenus. 

of  12  hours  0'63  gramme.    0-61  gramme. 

Urine  of  the  period  of  ascent — 8  hours  and  10 

minutes  (Ml       „        0"39  „ 

Urine  excreted  for  6  hours  after  the  ascent  .    .    .    0-40  0"40  ,, 

Urine  of  the  night  following  the  ascent,  after  a 
good  meal  had  been  taken — 10g  hours     .    .    .    0"45       „        0'51  „ 

[Here  there  was  evidently  a  decrease  in  the  excretion  of  nitrogen 
ring  and  after  exercise,  but  it  must  be  remembered  that  no  nitro- 
ious  food  was  consumed.    Very  similar  results  were  obtained  by 
/ofessor  Haughton,"j*  who  found  that  with  about  five  miles  of  daily 
-,1k  the  amount  of  urea  eliminated  was  501*28  grains  per  diem,  whilst 
■en  the  exercise  was  increased  to  20-74  miles  of  horizontal  walk  for 
;  !  consecutive  days,  the  amount  of  urea  was  501'16  grains;  actually 
In  than  the  previous  average.    Two  still  more  complete  series  of  ex- 
I  iments  have  been  conducted  by  Professor  ParkesJ  on  two  soldiers,  in 
:  first  series  of  which  he  investigated  the  elimination  of  nitrogen  by 
Y  kidneys  and  intestines,  during  rest  and  exercise,  on  a  diet  without 
j  ogen ;  whilst  in  the  second  series  the  men  were  placed  on  a  regulated 
i  i  of  nitrogen.    In  the  first  series  of  experiments  the  men  were  kept 
\  a  first  period  of  six  days  on  ordinary  diet  and  occupation,  in  order 
i  letermine  the  conditions  present  in  perfect  health,  and  to  serve  as  a 
and  of  comparison.    Then  for  a  second  period  of  two  days'  duration 
men  were  kept  on  a  non-nitrogenous  diet  and  remained  at  rest. 
\  er  these  circumstances  the  urea  fell  from  35  grammes  (which  was 
j  it  the  usual  daily  amount  with  ordinary  diet),  to  16*7  in  one  man, 
in  the  other  from  26  to  15  grammes,  or  in  both  to  about  one-half 
;  Tdinary  amount.    During  the  third  period  of  four  days  the  men  re- 
ed to  their  usual  diet  and  occupation,  by  which  time  they  were 
I  idered  to  have  regained  their  ordinary  condition,  and  the  quantity 
I  rea  excreted  rose  to  its  ordinary  amount.   During  the  fourth  period 
1  to  days  the  men  were  again  placed  on  non-nitrogenous  diet,  but  on 
I  occasion  were  made  to  take  severe  exercise  ;  walking  on  the  first 
I  23-76  miles,  and  on  the  second  day  32*78  miles.   It  was  found  that 
"'g  the  first  thirty-six  hours  there  was  a  decrease ;  but  in  the  last 
I. re,  or  rest  hours  of  the  forty-eight  hours,  an  increase  in  the  amount 
»*ea;  and  that,  on  the  whole,  the  effect  of  the  exertion  of  walking 
I      miles  on  a  non-nitrogenous  diet  was  a  total  increase  of  only 
1  a  gramme  of  nitrogen  in  one  man,  and  in  the  other  of  only  0-223 

Lond.  Phil.  Mag.,"  1866,  p.  485.         t  Lecture,  "Brit.  Med.  Assoc.,"  1868. 
t  "  Proceed.  Roy.  Soc,"  Nos.  89,  94,  1867. 
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gramme  in  the  forty-eight  hours.  In  the  fifth  period  the  men  once  more 
returned  to  their  ordinary  diet  and  occupation  for  four  days,  in  which  a 
considerable  increase  of  nitrogen  over  the  average  amount  was  observed  • 
which  however  was  referred  by  Dr.  Parkes,  not  to  the  elimination  of  th' 
products  of  destroyed  muscle  during  the  work-period,  but  to  an  excess  o 
nitrogenous  food  consumed  in  the  four  days  following  the  exercise.  In  th 
second  series  of  experiments  two  men  were  kept  on  the  same  nitro^enize 
diet  for  sixteen  days.    For  four  days  they  were  kept  at  their  ordinar 
employment ;  during  two  days  rested ;  returned  to  ordinary  work  for  fou 
days ;  took  very  active  exercise  for  two  days,  walking  twenty-four  an 
thirty-five  miles,  and  were  then  for  four  days  more  on  ordinary  occup 
tion.    The  changes  that  took  place  in  the  urea  were  almost  identical  wit 
those  in  the  total  nitrogen  eliminated,  and  so  nearly  equal  to  that 
amount,  that  (allowance  being  made  for  what  passed  by  the  bowels),  i 
was  certain  none  passed  off,  either  during  rest  or  exercise,  by  the  s' 
or  lungs.    The  results  were,  that  in  the  first  period  the  amount  of  ur 
was  almost  precisely  the  same  in  the  two  men.    In  the  rest-period  i 
increased  nearly  two  grammes  daily  in  each  man,  fell  during  the  thir 
period  to  the  former  average,  decreased  greatly  during  the  first  thirty 
six  hours  of  the  exercise-period  as  compared  with  the  rest-period,  antl 
increased  in  the  last  twelve  hours ;  in  the  last  or  after- work  period  ij 
also  increased,  though  in  a  less  proportion  than  the  total  nitrogen.  Thl 
first  series  of  these  experiments  undoubtedly  corroborate  the  statement 
of  Pick  and  Wislicenus,  that  on  a  non-nitrogenous  diet  exercise  produce! 
no  notable  increase  in  the  nitrogen  of  the  urine ;  although,  when  tbj 
subsequent  period  is  also  considered,  it  does  produce  a  slight  increasl 
The  second  series  showed  that,  with  an  unchanged  amount  of  nitrogej.; 
ingested,  so  far  from  there  being  any  increase,  there  was  an  actual  dimjji 
nution  in  the  amount  of  urea  eliminated  both  during  ordinary  and  durirfe 
severe  exercise,  as  compared  with  rest.    There  was,  on  the  other  han|i 
an  excess  not  great  but  long-continued  in  nitrogenous  excretion  aftfo 
exercise ;  and  there  was  a  retention  of  the  nitrogen  in  the  system  whip 
it  was  again  supplied  after  both  rest  and  exercise,  and  greatest  in  tr 
latter  case,  showing  that  it  is  needed  in  the  system,  and  that  an  msi 
cient  supply  at  one  time  must  be  subsequently  made-up.    In  & 
recent  experiments  by  Weigelin,*  it  appeared  that  if,  after  two  ho 
of  strenuous  muscular  exercise,  the  amount  of  urea  eliminated  dur) 
the  succeeding  two  hours  were  determined,  an  increase  of  as  much 
50  per  cent,  on  the  ordinary  average  was  sometimes  observed.  Pers 
tent  muscular  effort  (tetanus)  was  found  to  produce  more  urea  than 
alternate  contraction  and  elongation  of  musole.    Cerebral  activity! 
sexual  excitement!  augment  the  quantity  of  urea. 

Frequency  of  Micturition. — Kaupp§  has  shown  that  with  mere 
frequency  of  micturition  there  is  an  increase  in  the  quantity  oo  1 
urine  and  of  urea  discharged  in  24  hours. 

Disease. — The  amount  of  urea  eliminated  increases  in  the  early  s 

*  Reichert's  "  Archiv,"  1868,  p.  207. 

f  Byasson,  "Rev.  d.  Cours  Scient,"  1868,  Thesis.  .    ,  ueep 

X  Haughton,  loc.  cit.,  found  the  ordinary  quantity  of  urea  to  be  in  JJfJ!^ 
grains  per  diem,  but  in  the  ram  during  the  rutting  season  1493  grams  p 
§  "Archiv  f.  Phys.  Heilk.,'*  1856. 
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early  all  acute  diseases, — meningitis,  pneumonia,  typhus,  &c, — indi- 
\cr  the  rapid  disintegration  of  the  nitrogenous  tissues  and  constituents 
he  blood,  and  coinciding  with  the  period  during  which  increased 
of  skin  is  usually  complained-of.    This,  though  not  more  than  4°  or 
alvr.  above  the  average,  represents  (from  Newton's  law  of  cooling), 
acrease  of  one-eighth  of  the  total  amount  of  heat  produced — an 
mt  equivalent  to  the  force  required  to  raise  the  body  through  one 
of  vertical  height  per  diem,*  and  furnishing  an  adequate  explana- 
of  the  extreme  exhaustion  experienced  by  the  sufferers  at  this 
)d.    Vogel  and  Warnecke  found  that  in  a  case  of  typhoid  fever  no 
&han  1065^  grains  of  urea  were  excreted  daily,  or  more  than  double 
isual  average,  and  in  a  case  of  pyaemia  the  extraordinary  quantity 
!36i  grains.  Now,  as  every  four  grains  of  urea  excreted  correspond 
re  tons  lifted  through  one  foot,  it  is  obvious  that  an  enormous 
mt  of  force  is  spent  in  these  diseases,  fully  accounting  for  the  ex- 
dinary  debility  induced  in  such  patients.    When  the  fever  is  over 
uantity  of  urea  falls  below  the  normal  amount,  in  spite  of  the 
|  tented  quantity  of  nitrogenous  food  ingested,  which  is  doubtless 
ppriated  to  the  repair  of  the  wasted  tissues,  and  it  then  after  perfect 
[t  ery  returns  to  the  normal  standard.    During  convalescence  it  gra- 
I  y  subsides,  and  may  even  fall  below  the  normal  amount.    The  pro- 
|  )n  appears  to  be  remarkably  diminished  in  some  forms  of  hepatic 
l.je.    Thus  Frerichs,"j"  in  a  case  of  acute  atrophy  of  the  liver,  found 
I  ice  of  urea  in  the  urine,  but  in  its  place  leucin  and  tyrosin.  In 
Irer  case,  recorded  by  Vogel,  of  cancer  of  the  liver,  scarcely  one- 
l  i  of  the  normal  quantity  of  urea  was  found  in  the  urine;  and 
.|'c  has  shown  that  the  proportion  of  urea  is  diminished  in  chronic 
i|»us  affections,  and  in  anaemias,  however  produced.  J 
I  ).  Next  in  importance  to  urea  among  the  organic  products  of  the 
»!•  lorphosis  of  the  azotized  constituents  of  the  tissues  or  of  the  blood, 
>|<  -dinarily  bearing  a  very  small  proportion  to  it  (1  :  45  or  50)  in 
l|  ty,  is  Uric  Acid  (C10H4N4O6).     This  compound  contains  33  per 
>f  nitrogen.    It  probably  exists  in  the  urine,  partly  in  the  free 
and  partly  combined  or  conjugated  with  the  alkaline  phosphates.§ 
ariations  in  the  daily  quantity  eliminated  are  considerable ;  and, 
ing  to  Eanke,  whilst  in  great  measure  independent  of  differences 
,  sex,  height,  weight,  or  temperature,  stand  in  close  relation  with 
^estion  of  food,  diminishing  to  a  minimum  of  3*7  grains  with 
ince,  and  rising  to  a  maximum  of  32-5  grains  on  a  full  meat  diet. 
Haughton  found  the  average  quantity  eliminated  by  those  con- 
i;  animal  food  to  be  4*55  grains  per  diem,  whilst  vegetarians  dis- 
M  1  only  1-48  grains.    It  is  diminished  after  the  use  of  Alcohol 
iond),  and  after  the  administration  of  Quinine  (Eanke),  and  is 
.  I  absent  when  large  draughts  of  water  have  been  taken  (Gentli). 
icreased  after  the  free  use  of  Tobacco  (Hammond),  after  the 
iption  of  certain  substances  introduced  into  the  food,  as  Glycin 
ea,  and  after  muscular  exercise,  but  no  influence  is  exerted  on  its 
y  by  mental  activity  or  repose  (Byasson).    A  marked  increase 
m  observed  in  intermittent  fevers,  in  Leukaemia,  in  Peritonitis, 
gtton  Op.  cit.  f  "  Deutsche  Klinik,"  1855,  p.  31. 

•Iu»,  vol.  vin.  p.  325.      §  Byasson,  "  Kev.  d.  Cours  Scient.,"  1867-8,  p.  610. 
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Phlebitis,  and  some  chronic  renal  and  spinal  affections.  Uric  acid  iJ 
found  in  the  spleen-pulp  in  considerable  quantities,  and  also  in  the  lungs 
liver,  pancreas,  and  brain ;  in  the  juice  of  muscles,  and  in  small  quantities 
in  the  blood  (G-arrod)  in  the  form  of  an  acid  urate  of  soda  or  ammonia  1 
It  seems,  therefore,  to  be  very  generally  present  where  active  interstitial 
changes  are  taking  place.  The  precipitation  of  Uric  acid  (usually  d 
combination  with  potash,  soda,  and  ammonia,  and  perhaps  sometime] 
with  lime),  which  frequently  takes  place  on  the  cooling  of  the  urine] 
must  not  be  regarded  as  indicative  of  the  presence  of  an  unusual  amounj 
of  this  substance  ;  since  it  may  depend  upon  other  conditions.  It  seem] 
to  have  been  clearly  proved  by  Dr.  Bence  Jones, f  that  there  is  no  relaji 
tion  whatever  between  the  acidity  of  the  urine,  and  the  absolute  amoun 
of  Uric  acid  which  it  may  contain ;  for  in  the  urine  which  is  most  acial 
and  which  deposits  the  largest  uric  acid  sediment,  very  little  uric  acij. 
may  really  exist ;  whilst  that  which  contains  most  uric  acid  may  hold  it  i. 
perfect  solution,  and  may  have  but  a  feeble  acid  reaction.  The  main  caufJt 
of  the  deposit  of  Uric-acid  sediments,  is  doubtless  the  presence  of  sonji 
other  acid  ;  for  the  addition  of  any  acid  to  healthy  urine  passed  sooji: 
after  food,  is  always  sufficient  to  produce  it.  But  the  deposit  takes  pla<L 
less  readily  if  the  temperature  of  the  fluid  be  high,  since  the  solve** 
power  of  the  acid  phosphate  of  soda  is  then  more  strongly  exerted ;  sL 
on  the  other  hand,  a  deposit  often  takes  place  in  urine  which  would  nhj 
otherwise  exhibit  it,  through  an  unusual  reduction  in  its  temperature,  to 
by  exposure  to  the  cold  air  of  a  sleeping-room  in  the  winter.  Agai 
the  deposit  of  uric-acid  sediment  is  favoured  by  concentration  of  tj 
liquid,  which  thus  augments  the  proportion  of  the  urate  to  the  watj 
and  at  the  same  time  intensifies  the  acid  reaction ;  and  thus  urine  whd 
constituents  are  otherwise  normal,  may  throw  down  a  copious  depoj 
of  this  kind,  merely  from  deficiency  of  water ;  whilst  an  unusual  amou. 
of  uric  acid  may  be  really  present  without  being  deposited, — the  uriti 
too,  exhibiting  its  ordinary  acidity, — if  the  proportion  of  water  be  law 
Thus  the  uric-acid  sediment  may  be  regarded  as  dependent  upon  thj 
concurrent  conditions: — (1)  Decrease  of  temperature;  (2)  Increal 
proportion  of  uric-acid  compound  to  the  water,  positively  or  relativej 
(3)  Increased  acidity  of  the  urine.  Sometimes  one  condition  is  nj 
influential,  sometimes  another ;  but  they  are  all  usually  concerned! 
some  degree. — There  are  many  diseases,  especially  those  of  a  febj 
nature,  in  which  the  presence  of  an  excess  of  uric  acid  is  a  very  marl 
symptom  ;  there  is  often,  at  the  same  time,  a  reduction  in  the  proporj 
of  urea ;  and  thus  it  would  seem  that,  with  perhaps  an  augmeij 
tendency  to  disintegration  of  the  tissues,  there  is  an  incapacity  for) 
performance  of  that  higher  process  of  oxidation,  which  is  requisite 
the  genesis  of  urea ;  so  that  a  larger  proportion  of  the  products  ofl 
'  waste'  passes-off  in  the  state  of  uric  acid,  as  in  animals  whose  resfl^ 
tion  is  feeble. — The  proportion  of  Hippuric  Acid  (C18H8NOt  +  li 
present  in  the  urine  appears  to  be  in  great  measure  dependent  uporj 
nature  of  the  food  and  upon  the  amount  of  exercise.  According^ 
researches  of  Weissmann  and  Thudichum,  it  amounts  to  between  3- 
40  grains  per  diem  on  a  mixed  diet.  On  a  purely  animal  diet,  it  te 

*  Thudichum,  "  Pathology  of  the  Urine,"  p.  97.  . 
t  See  his  '  Contributions  to  the  Chemistry  of  the  Unne,'  in    Philos.  trans., 


THE  KIDNEYS.  SECRETION  OF  URINE. 


461 


out  12  grains  per  diem  ;  whilst  it  rises  considerably  when  vegetables 
>ne  are  consumed  ;  and  its  origin  has  been  attributed  by  Shepard  and 
eissner*  to  the  conversion  at  the  kidney  of  a  substance  existing  in  the 
tide  of  plants  having  the  formula  CuH12O10  and  nearly  allied  to  Kinic 
;d.    As  might  be  anticipated,  therefore,  a  large  quantity  of  this  acid 
constantly  present  in  the  urine  of  Herbivora,  but  only  traces  exist  in 
it  of  Carnivora.    Both  Mack  and  Roussin  found  that  Horses  at  rest 
is  much  urea  and  little  Hippuric  acid :   but  when  at  work,  the 
mtity  of  Hippuric  acid  equalled  or  exceeded  that  of  urea,  the  absolute 
uitity  of  the  latter  undergoing  a  diminution  equal  to  the  increase  of 
\  Hippuric  acid.    As  urea  is  one  of  the  ultimate  products  of  oxidation 
[the  body,  whilst  Hippuric  acid  is  very  imperfectly  oxidized,  it  would 
[  m  that  during  violent  exertion  the  due  oxidation  of  the  secondary 
I  -ogenous  compounds  produced  by  the  disintegration  of  the  tissues  is 
|  ;rfered  with,  perhaps  by  the  diversion  of  the  oxygen  to  form  carbonic 
[  1,  the  quantity  of  which  has  been  shown  by  Dr.  Ed.  Smith  to  be  so 
I  ably  increased  by  all  kinds  of  muscular  exertion ;  or  we  may,  with 
I  re  probability,  suppose  that  the  lungs  are  unable  to  eliminate  the 
)le  of  the  carbon  of  the  disintegrated  tissues  in  the  form  of  C02,  and 
.  a  part  of  the  carbon  is  consequently  discharged  by  the  kidneys  in 
'  form  of  the  richly-carbonized  compounds,  Hippuric   or  Benzoic 
j  s.    The  quantity  of  Hippuric  acid  eliminated  can  be  greatly  in- 
|  sed  by  the  administration  of  Benzoic,  Succinic,  Cinnamic,  or  Kinic 
I  s,  or  of  Oil  of  bitter  almonds. j"    The  transformation  of  Benzoic 
;  Hippuric  acid  appears  to  take  place  at  the  liver,  as  it  does  not  occur 
liundiced  patients,  or  in  dogs  in  whom  the  ductus  communis  chole- 
li  lus  has  been  tied,  the  Benzoic  acid  then  passing-off  unchanged. 
^*  process  is  exceedingly  simple.    Benzoic  acid  (C14Hg04)  +  Glyciu 
f  l6N04)  producing  Hippuric  acid  (ClgH9N06)  +  2HO.    Kiihne  and 
;  wachs,  however,  maintain  that  the  conversion  occurs  in  the  blood, 
k  Meissner  and  Shepard  at  the  kidney. — Kreatine  and  Kreatinine  may 
|  btained  by  the  action  of  Chloride  of  Zinc  on  concentrated  urine ; 
iltihe  researches  of  HeintzJ  have  shoAvn  that  no  Kreatine  is  present 
urine,  that  which  was  formerly  obtained  being  in  fact  produced 
ie  decomposition  of  the  Chloride  of  Zinc  compound,  the  Kreatinine 
rich  takes  up  water  and  is  converted  into  Kreatine.  §    The  quantity 
reatinine  daily  eliminated  by  a  healthy  man,  living  on  a  good  mixed 
was  found  by  Neubauer  to  vary  from  9  to  20  grains.    The  maxi- 
quantity  is  excreted  on  a  flesh,  the  minimum  on  a  farinaceous  diet 
ssner,  Voit).    In  dogs  exertion  causes  no  increase.    Kreatinine  is 
lost  powerful  organic  base  in  the  body.    Kreatine  can  be  converted 
oiling  with  Baryta  water  into  Sarcosine  and  Urea.[| — When  in- 
1  with  the  food  it  is  either  eliminated  unchanged,  or  it  is  partially 
*ted  into  Kreatinine. %    Scherer  and  Neubauer  found  that  a  small 
lfcy  °f  Xanthine  was  usually  present  in  human  urine.    The  urine 

"entralblatt,"  Noa.  43  and  44,  1866. 
Je  MatHchersky,  Virchow's  "  Archiv,"  1863,  p.  528. 
'ge  and  Neubauer,  "  On  the  Urine,"  New  Syd.  Soc.  Tranel.,  1863,  p.  18. 
rca  mine  C  H7N802  +  4HO  becoming  Kreatine  C.HuN,0,. 
^atme  C8rInN8()  becoming  Urea  C2H.N202  and  Sarcosino  CaH7NOv 
TOer,  "Centralblatt,"  1868,  p.  275. 
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is  stated  by  Schunck*  to  contain  two  kinds  of  colouring  matter  in  healt 
One  of  tliese,  termed  Urian,  is  soluble  in  alcohol  and  ether ;  its  form 
is  C86H61N062.    The  other,  named  Urianine,  is  soluble  in  alcohol  b 
insoluble  in  ether ;  its  formula  is  Cs8H27N028.   These  bodies,  as  was  a1 
noticed  by  Carter,!  present  close  analogies  to  the  series  of  compounds 
which  Indican  forms  the  first  member,  and  a  blue  colouring  matter 
sometimes  generated  in  disease.    The  Extractives  of  the  Urine  con' 
considerable  proportions  of  carbon,  whilst  they  are  poor  in  nitrogen  • 
that  their  increase  will  be  favoured  by  an  excess  of  carbonaceous  fo 
an  imperfect  action  of  the  liver,  and  a  low  degree  of  respiration  ;  wh 
on  the  other  hand,  a  highly-azotized  diet,  especially  if  combined  w' 
active  exercise,  will  tend  to  their  reduction. — The  odour  of  the  uri 
appears  to  be  due  to  the  presence  of  minute  quantities  of  the  vola 
acids,  termed  by  Stadeler  Phenylic  (or  Carbolic,  C12H6Oj,HO),  Taury 
(CHH802),  Damaluric  (CMHnOg,HO),  and  Damolic,  the  composition 
which  last  is  unknown. 

411.  The  determination  of  the  mode  and  place  of  origin  of  the 
nary  constituents,  and  especially  of  the  urea  and  uric  acid,  are  points 
considerable  interest.  The  solution  of  this  question,  however,  demat 
great  skill  in  chemical  analysis,  and  the  evidence  is  at  present  in  I 
extremely  unsatisfactory  state.  A.s  regards  the  mode  of  origin  of  urij 
its  composition  shows  clearly  that  it  proceeds  from  the  disintegration! 
the  albuminous  or  nitrogenous  constituents  of  the  tissues  and  blood,  u 
was  at  one  time  considered  that  it  was  generated  entirely  at  the  expeA 
of  the  muscular  tissue  ;  but  as  no  one  has  yet  succeeded  in  extracting  \ih 
from  muscle,  and  as  muscular  exertion,  even  when  violent  and  protracij 
causes  little  or  no  increase  in  the  amount  eliminated,  and  as  the  substa 
that  we  know  result  from  the  disintegration  of  muscular  tissue,  as  krea 
and  kreatinine,  are  either  not  at  all,  or  not  easily,  converted  into 
and  even  when  ingested  are  eliminated  unchanged,  without  causing 
augmentation  in  the  amount  of  urea,  whilst  a  large  increase  quickly 
lows  the  ingestion  of  nitrogenous  food  when  the  body  is  at  rest, 
seem  to  be  good  grounds  for  admitting  that  only  a  portion  of  the 
discharged  can  proceed  from  that  disintegration  to  which  the  muscle 
common  with  all  other  animal  structures  of  high  organization,  are  h 
as  a  consequence  of  their  vitality,  but  that  another  and  probab 
larger  portion  is  derived  from  those  nitrogenous  constituents  of  the 
which  constitute  the  'luxus  consumption,'  and  undergo  oxidation  or 
integration  in  the  blood  itself,  becoming  subservient  to  the  mainten' 
of  heat,  or  to  other  purposes ;  in  both  instances  the  ultimate  resulj 
the  oxidation — urea,  carbonic  acid,  and  water — being  the  same, 
question  of  the  place  of  origin  of  the  urea  is  still  more  diffic 
answer.  Up  to  a  very  recent  period  it  was  universally  held  tha 
kidneys  constituted  a  kind  of  filter  by  which  the  products  of  the  a 
tegration  of  the  tissues  were  separated  from  the  blood  and  discli 
from  the  body.  And  M.  Picard's  experiments,  which  showed  that 
was  uniformly  present  in  the  blood  (2-4  parts  in  10,000),  and  m 
proportion  in  the  renal  venous  than  in  arterial  blood,  were  com 

*  "Proceed,  of  the  Roy.  Soc,"  vol.  xvi.  1867,  p.  73.  ^  «, 

t  "  Memoirs  of  Manchester  Med.  Soc,"  vol.  xiv.  p.  293.  See  a«°  *IL. 
Heller's  "  Archiv,"  vol.  vi.  p.  414;  and  Thudichum,  "  Brit.  Med.  Jonrn.,  i 
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ferret! '  to  in  support  of  this  view,  the  small  quantity  present  being 
tributed  to  the  care  with  which  the  system  was  freed  from  this  excre- 
ry  product.  Lately,  however,  an  attempt  has  been  made  to  prove 
at  urea  is  formed  from  the  secondary  products  of  the  disintegration  of 
,3  tissues,  such  as  kreatine,  kreatinine,  uric  acid,  hypoxanthin,  and 
aria,  in  and  by  the  kidney  itself,  xipon  the  following  grounds:* — 
-rst,  that  extirpation  of  the  kidneys  is  followed  by  only  a  trifling  in- 
sase  in  the  proportion  of  urea  present  in  the  blood,  though  the 
^portion  of  kreatine  and  other  lower  stages  of  the  oxidation  of 
j  xogenous  compounds  is  augmented  both  in  the  blood  and  muscles ; 
j.iondly,  that  after  ligature  of  the  ureters,  the  renal  organs  re- 
[  .ir.ing  intact,  there  is  considerable  increase  in  the  amount  of  urea 
I  itained  in  the  blood ;  thirdly,  that  the  ingestion  of  kreatine  with  the 
[  d  produces  an  increase  of  the  excretion  of  kreatinine  and  urea ; 
[  rthly,  that  on  rubbing  down  kreatine  with  the  substance  of  the 
f  ney,  it  is  rapidly  converted  into  urea;  and  lastly,  that  there  is 
|  son  for  believing  that  the  cells  covering  the  glomeruli  exercise  a 
[  reting  function,  and  are  not  merely  adapted  for  the  elimination  of 
I  er,  since  these  glomeruli  are  abundantly  distributed  through  the 
i  leys  of  birds,  the  urine  of  which  animals  is  semi-solid,  whilst  it  is 

I  ossible  to  obtain  a  trace  of  uric  acid  from  their  blood.    Now,  in 
ositionto  some  of  these  statements  are  the  observations  of  G.  Meissner,f 

I  i,  by  analysing  large  quantities  of  blood,  obtained  unmistakeable 
rJ:!ence  of  the  presence  of  uric  acid  in  that  of  the  bird  (goose),  and 

I I  vs  by  calculation  that  it  is  possible  for  all  the  uric  acid  excreted  by 
(I  animal  to  have  been  separated  from  the  blood  passing  through  the 
tl'.ey  in  a  given  time.  In  the  course  of  these  experiments  he  found 
[■iuch  uric  acid  in  the  liver,  and  so  little  in  other  organs,  that  he 
i|!3  to  the  conclusion  the  liver  was  in  these  animals  the  seat  of  its  for- 
•  Kon.  On  extending  his  researches  to  mammals,  he  found  that  here 
t|:  the  liver  presented  on  chemical  analysis  a  larger  proportion  of  the 
!  I  itial  urinary  constituent  urea  than  any  other  organ.    Hence  he  con- 

I  is  that  it  proceeds  from  the  disintegration  of  the  haemoglobin  of 
1 3  blood-corpuscles  into  urea,  glycogen,  and  biliary  colouring  matter  ; 
if  adduces  pathological  evidence,  derived  from  the  observations  of 
S  -I  chs,  Stadeler,  and  Harley,  to  the  effect  that  in  acute  and  chronic 
M1  hy  of  the  liver  it  is  either  greatly  diminished  or  wholly  absent.  In 
*I  mce  to  its  origin  from  kreatine,  he  states,  in  opposition  to  Munk,| 
I  ae  has  found  no  increase  in  the  amount  of  urea  when  kreatine  or 
v  3  mjne  were  given  with  the  food,  or  otherwise  introduced  into  the  blood. 
ril   instances  these  substances  were  discharged  either  unaltered,  or 
I  y  with  conversion  of  some  of  the  kreatine  into  kreatinine.  In  a  still 
I  recent  paper,  Voit§  also  declares  himself  opposed  to  the  view  that 
I  rmation  of  urea  occurs  at  the  kidneys,  except  in  so  far  as  that  it  may 
1  nace  to  some  slight  extent  from  a  conversion  of  kreatine ;  though 
I  this  was  given  with  food  it  was  eliminated  partly  unchanged  and 

Af  1  .Munk>  "  Deutsche  Klinik,"  1862,  p.  299  ;  Oppler,  Virchow's  "  Archiv," 
Bd.  xxi  p.  260;  Ssubotin,  Henle  and  Meissner's  "  Zeitschrift,"  Bd.  xxviii. 
!;  1  *4  ;  and  Zalesky,  "  Untersuchungen  iiber  den  Ursemischen  Process." 
-entralblatt,"  1868,  pp.  226  and  275. 

^'itiche  Klinik,"  1862,  p.  299.  §  "  Ccntralblatt,"  1868,  p.  468. 
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partly  converted  into  kreatinine.  He  found  an  increase  in  the  quantity 
of  urea  in  the  blood,  and  also  discovered  it  in  the  muscles,  both  after 
extirpation  of  the  kidneys  and  after  ligature  of  the  ureters  :  the  amount 
being  larger  in  proportion  to  the  lateness  of  the  period  at  which  death 
occurred,  and  on  that  account  it  was  smaller  in  amount  after  ablation  of 
the  kidneys.  In  one  instance,  after  extirpation  had  been  performed  ha 
collected  the  whole  of  the  retained  urea,  and  obtained  5*8  grammes! 
whilst  if  the  animal  had  been  allowed  to  live,  he  would  have  eliminated 
5*8  grammes  in  the  same  space  of  time.  There  was  certainly  noincreasa 
of  kreatine  after  either  extirpation  or  ligature.  Voit,  like  Meissnerl 
found  that  ingested  kreatine  was  either  eliminated  in  the  same  state,  01 
as  kreatinine. 

412.  Besides  its  organic  materials,  the  Urine  contains  a  considerably 
amount  of  Saline  matter  ;  the  excretion  of  which,  in  a  state  of  solutiorji 
appears  to  be  one  of  the  principal  offices  of  the  Kidney.    Various  salinj 
compounds  are  being  continually  introduced  with  the  food ;  and  other! 
are  formed  within  the  system,  by  the  oxidation  of  the  Sulphur  an! 
Phosphorus  of  the  tissues  or  of  the  food,  and  by  the  combination  of  thf 
sulphuric  and  phosphoric  acids  thus  formed,  with  alkaline  and  earthf 
bases  which  the  food  may  contain,  usually  in  a  state  of  combination  witf 
weaker  acids  which  are  otherwise  disposed- of.    Thus  the  saline  coni' 
pounds  found  in  the  urine  are  to  be  regarded  as  partly  proceeding  froif 
the  retrograde  metamorphosis  of  the  materials  of  the  tissues,  after  theaj 
have  served  their  purpose  in  the  economy,  and  partly  from  that  of  suck. 
components  of  the  food  as,  being  superfluous,  do  not  undergo  organize 
tion.    But  the  Kidney  also  serves  as  the  channel  for  the  elimination  |l 
saline  compounds  introduced  into  the  system  per  se ;  these  being  somj- 
times  normally  present  in  the  body,  but  ingested  in  too  large  an  amoinl 
as  is  often  the  case  with  common  Salt ;  whilst,  on  the  other  hand,  thl; 
may  be  altogether  foreign  to  the  composition  alike  of  its  solids  and  f 
fluids. — The  Alkaline  Sulphates  usually  constitute,  as  we  have 
(§  408),  at  least  10  per  cent,  of  the  whole  solid  matter  of  the  Ui 
Being  always  in  solution,  however,  they  never  make  their  prese 
known  by  the  formation  of  sediments,  and  are  only  to  be  detected 
chemical  tests.    The  causes  which  influence  their  amount  have  bff  ,, 
carefully  studied  by  Dr.  Bence  Jones ;  who  has  shown  that  they  vaf{ 
(like  urea)  with  the  amount  of  food  ingested,  and  with  the  degr& 
nervo-muscular  activity  put-forth ;   as  might  be  anticipated  from 
fact,  that,  under  ordinary  circumstances,  the  sulphuric  acid  is  entirj . 
formed  within  the  system,  by  the  oxidation  of  the  sulphur  of  the  prota^ 
compounds,  the  bases  being  furnished  by  the  alkaline  carbonates  or  pr 
phates  of  the  blood.    A  portion  of  the  sulphur  is,  however,  elinnn. 
by  the  bowels  in  the  form  of  taurin.    When  sulphuric  acid  or  soli 
sulphates  are  taken  into  the  system  per  se,  they  partly  find  their  way 
of  it  by  the  Kidneys ;  the  proportion  of  sulphuric  acid  in  the  urine  N 
for  a  time  augmented,  although  the  increase  is  not  considerable  until  s 
hours  have  elapsed  after  the  introduction  of  these  substances  into! 
stomach.*    They  are  not  increased  on  a  non-nitrogenous  diet  by  ej 
cise  (Parkes).    The  absolute  amount  of  sulphuric  acid  varies  iro« 
to  50  grains  per  diem.— The  amount  of  Alkaline  Phosphates  in  the  l 
*  Dr.  Bence  Jones  in  "  Philosophical  Transactions,"  1849. 
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;  usually  about  half  that  of  the  alkaline  sulphates.    The  acid  of  these 
lso  is  ordinarily  generated  Avithin  the  system,  by  the  oxidation  of  the 
hosphorus  originally  introduced  in  the  protein-compounds ;  and  thus, 
s  in  the  case  of  the  sulphates,  the  quantity  of  them  which  is  excreted 
y  the  urine  bears  a  certain  relation  to  the  amount  of  these  compounds 
io-ested  as  food,  and  also  to  the  amount  of  muscular  tissue  which  has 
ndergone  disintegration  by  exercise.   But  it  further  appears  that  there 
s  a  special  relation  between  the  quantity  of  the  alkaline  phosphates  in 
ie  urine,  and  the  amount  of  disintegration  of  the  nervous  tissue ;  as 
light  have  been  suspected  from  the  fact,  that  this  tissue  is  distinguished 
y  the  very  large  proportion  of  phosphorus,  united  with  fatty  acids, 
hich  it  contains.    And  a  marked  increase  of  these  salts  is  observed  in 
tose  inflammatory  diseases  of  the  brain,  in  which  there  is  reason  to  be- 
rve  that  an  unusually-rapid  disintegration  of  its  texture  is  taking  place.* 
-The  Earthy  Phosphates  usually  bear  but  a  small  proportion  to  the 
lkaline  ;  but  their  presence  in  the  urine  comes  to  be  of  great  impor- 
nce  with  reference  to  the  precipitates  which  they  form  in  particular 
iuUtions  of  that  secretion.     From  the  researches  of  Dr.  Bence  Jones 
>c.  cit.)  it  appears,  that  the  quantity  of  these  phosphates  in  the  urine 
iefly  varies  with  the  amount  of  them  contained  in  the  food,  into  many 
tides  of  which  they  enter  largely ;  but  he  has  also  ascertained  that 
iir  formation  within  the  system  is  determined  by  the  presence  of  their 
;  ses ;  for  if  any  earthy  salt,  a  little  chloride  of  calcium  or  sulphate  of 
:  ignesia  for  instance,  be  taken  into  the  system,  the  quantity  of  earthy 
I  jsphates  in  the  urine  undergoes  an  increase.    The  small  quantity  of 
[  bonate  of  lime  taken  into  the  system  with  the  food,  or  set-free  by  the 
j  w  disintegration  of  the  osseous  tissue,  is  probably  excreted  in  Man 
t  lost  entirely  in  the  form  of  phosphate;  although  of  the  much  larger 
|  ount  ingested  by  herbivorous  animals,  a  considerable  proportion  is 
)  reted  in  the  urine  in  its  original  state.    The  Earthy  Phosphates, 
;  tough  insoluble  in  water,  are  soluble  in  all  acid  liquids ;  and  they  are 

1  in  solution  in  Urine,  like  the  urates,  by  the  acid  phosphate  of  soda. 

}ir  precipitation  in  an  alkaline  state  of  the  urine  is  owing  to  the  want 
j  this  solvent,  not  to  an  excess  in  their  production  ;  for,  as  Dr.  Bence 
|-  es  has  pointed-out,  that  excess  of  alkaline  and  earthy  phosphates  in 
I:  urine  which  constitutes  the  true  1  phosphatic  diathesis,'  is  generally 
I  icident  with  a  highly-acid  state  of  the  urine.  The  excretion  of  phos- 
I  nc  acid  is  not  increased  by  exercise  on  a  non-nitrogenous  diet 

rkes).    The  absolute  amount  excreted  per  diem  on  a  mixed  diet 
i  es  from  54  to  78  grains  (Genth). — The  only  other  inorganic  saline 
I  rtituent  of  the  Urine,  whose  quantity  gives  it  importance,  is  Chlo- 
of  Sodium.  By  far  the  larger  proportion  of  this  is  doubtless  derived 

\  ctly  from  the  food  ;  but  little  being  furnished  by  the  disintegration 

j  nuscle,  which  will  set-free  potash  rather  than  soda.  The  amount 
l  -inated  by  the  urine  is  consequently  subject  to  great  variation,  it 

I  „fe  •Dr-  Bence  Jones's  valuable  series  of  Papers  in  the  "  Philosophical  Transac- 
tor 1845,  1847,  and  1850,  and  in  the  "  Medico-Chirurgical  Transactions"  for 
I  and  18o0  :  also  Byasson,  Up.  cit.,  p.  612.     It  is  curious  to  observe,  that  whilst 
ii'M-ease  in  the  alkaline  phosphates  in  Inflammatory  affections  of  the  nervous 
I  es  is  very  marked,  there  appears  to  he  a  positive  diminution  of  them  in  Delirium 
I  T'ni  p.cer.tam  allowance  must  he  made,  however,  for  the  abstinence  from  food, 
1  win  ot  itself  occasion  a  reduction  in  the  quantity  excreted. 
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being  the  function  of  the  Kidneys  to  remove  whatever  is  superfluous 
so  as  to  prevent  the  blood  from  becoming  overcharged  with  this  sub- 
stance. In  Ranke's  experiments  on  his  own  person,  the  quantity  dis- 
charged varied  from  75  to  523  grains  daily ;  ordinarily  it  varies  from 
200  to  350  grains.  Of  the  chloride  of  sodium  introduced  as  food,  apart 
appears  to  undergo  decomposition  in  the  system,  whereby  hydrochloric 
acid  is  furnished  to  the  gastric  fluid,  and  soda  to  the  bile  ;  much  of  this 
acid,  however,  must  reunite  with  its  base  in  the  alimentary  canal,  so 
that  the  chloride  of  sodium  thus  regenerated  will  be  absorbed  with  the 
products  of  the  digestive  operation.  Its  quantity  is  increased  by  mus- 
cular exertion  (Byasson),  and  is  decreased  on  a  non-nitrogenous  diet 
(Parkes).  It  is  much  diminished  after  profuse  sweating  (Ranke). — 
Although  Nitric  Acid  can  scarcely  be  regarded  as  a  normal  constituent 
of  the  Urine,  yet  the  investigations  of  Dr.  Bence  Jones*  appear  to  show 
that  it  is  formed  by  a  combustive  process  within  the  body,  whenever 
ammoniacal  salts  are  introduced  into  the  system  ;  its  amount,  however, 
being  very  small.  He  has  also  found  that  it  is  generated  after  the  in- 
gestion of  small  quantities  of  urea  ;  a  fact  which  affords  some  confirma- 
tion to  the  doctrine  of  Frerichs,  that  urea  may  undergo  decom- 
position into  carbonate  of  ammonia,  whilst  still  circulating  in  the  current 
of  blood. — The  presence  of  Oxalic  Acid  in  the  urine  (in  combination 
with  Lime)  has  been  usually  regarded  as  a  pathological  phenomenon, 
consequent  upon  an  irregular  performance  of  the  retrograde  metamor-| 
phosis  of  the  tissues ;  but  there  can  be  no  doubt  that  it  may  also  result 
from  the  presence  of  soluble  salts  of  oxalic  acid  in  certain  articles  of] 
vegetable  food. J — The  Gases  found  in  the  Urine  have  been  examined  bw 
Planer  J  and  Bernard. §  Planer  found  in  one  instance  7,  and  in  anothen 
16  per  cent,  of  gas.  The  following  Table  gives  the  percentage  compo-j 
sition  of  the  gases  obtained  : — 


In  100  parts  of  Urine  at  32°  F.  and  30  in.  Bar. 

Percentage  Composition  of  the  Gases 
amongst  themselves. 

Oxygen  .   

„         „    combined.    .    .    .  j 

0-820 
0-043 
4-729  ) 
3  066  \ 

Planer. 

Bernard. 

152 

0-5 
84-2 

7-2 
0-5 

92-3 

18-64 
2-55 

78-81 

100 

100 

100 

About  one-third  of  the  carbonic  acid  was  combined,  the  remaining  tw 
thirds  were  free. 

413.  The  ordinary  acid  reaction  of  the  Urine  appears  to  be  due,  not 
the  presence  of  any  free  acid,  but  to  the  conversion  of  the  basic  V^os^ 
of  soda  into  the  acid  phosphate,  by  the  subtraction  of  a  part  of  the  b 

*  "  Philosophical  Transactions,"  1851.— It  is  right  to  state,  however,  that  ths 
trine  has  been  called  in  question  by  some  eminent  authorities,  who  deny  tne 
of  the  test  for  nitric  acid  employed  by  Dr.  Bence  Jones. 

t  See  Dr.  Golding  Bird  on  "  Urinary  Deposits." 

J  v.  Gorup  Besanez,  "Physiolog.  Ch'em.,"  1862.  p.  526. 

§  '*  Lecons,"  vol.  i.  1859,  p.  347. 
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which  occurs  when  uric,  hippuric,  lactic,  or  other  free  acids  come  into 
contact  with  the  former  substance.    There  is  no  adequate  reason  to  be- 
lieve, that,  in  the  healthy  state,  there  is  ever  any  other  cause  than  this  ; 
although  in  morbid  urine,  free  organic  acids  are  almost  certainly  present.* 
It  has  been  shown  by  the  researches  of  Dr.  Bence  Jones, |  with  whose 
observations  those  of  Roberts}  generally  agree,  that  the  acid  reaction  is 
far  from  being  constant  in  its  degree,  even  when  an  ordinary  mixed  diet 
is  steadily  employed ;  for  that  it  varies  at  different  periods  of  the  day, 
iucreasing  and  decreasing  inversely  with  the  acidity  of  the  stomach. 
Thus  the  acidity  of  the  Urine  decreases  soon  after  taking  food,  whilst 
that  of  the  Stomach  is  increasing,  and  attains  its  lowest  limit  about  three 
to  five  hours  after  a  meal,  when,  therefore,  absorption  is  being  most 
actively  performed.    An  alkaline  reaction  is  often  observed  in  the  urine 
at  this  period,  which,  according  to  Dr.  Roberts,  is  due  to  the  presence  of 
fixed  alkali ;  this  occasions  a  precipitation  of  earthy  phosphates,  ren- 
dering the  urine  turbid,  though  the  quantity  of  uric  acid  at  this  period 
is  always  large.    The  acidity  then  gradually  increases,  whilst  that  of  the 
stomach  is  decreasing  ;  and  attains  its  highest  limit  after  a  fast  of  some 
hours,  when  the  stomach  is  quite  empty,  and  its  secretion  neutral.  If 
no  food  be  taken,  the  acidity  does  not  decrease,  but  remains  at  nearly  the 
same  point  for  ten  or  twelve  hours.    When  animal  food  was  alone  em- 
ployed, the  diminution  of  the  acidity  after  a  meal  was  more  marked  and 
>  continued  longer  than  when  a  mixed  diet  was  eaten  (apparently  on  account 
Df  the  greater  demand  for  acid  in  the  stomach)  ;  and  the  acidity  did  not 
prise  quite  so  high  after  fasting,  as  with  a  mixed  diet.    On  the  other  hand, 
J  when  the  diet  was  purely  vegetable,  the  diminution  of  the  acidity  of  the 
k  urine  was  never  such  as  to  render  it  absolutely  alkaline,  although  its 
[  icidity  was  reduced  to  the  point  of  neutrality ;  and  the  increase  of  its 
I  icidity  after  fasting  was  sometimes  very  considerable,  though  by  no  means 

0  marked  as  the  decrease  of  alkalescence. — These  diurnal  variations  in 
.  he  acidity  of  the  urine  make  it  highly  probable,  that  corresponding 

ariations  occur  in  the  alkalescence  of  the  blood  ;  such  diurnal  variations 
I  >eing  produced  by  the  quantity  of  acid  separated  from  it,  and  poured 

nto  the  stomach  for  the  purpose  of  dissolving  the  food.  The  introduction 
I  f  dilute  sulphuric  acid  into  the  stomach,  even  in  large  doses,  was  not 

jund  to  produce  any  decided  change  in  the  acidity  of  the  urine ;  the 
I  nly  perceptible  effect  being  a  slight  diminution  of  the  decrease  which 
I  akes  place  after  taking  food,  and  a  slight  augmentation  of  the  increase 
1  iter  fasting.  On  the  other  hand,  the  use  of  liquor  potassaa  in  large  doses 
I  ?ssens  the  acidity  of  the  urine,  preventing  it  from  rising  after  fasting  to 
I  ie  height  it  would  otherwise  attain,  and  increasing  its  alkalescence  after 

1  meal ;  but  it  does  not  render  the  urine  by  any  means  constantly  alka- 
I  ne,  nor  does  it  hinder  the  variations  produced  by  the  state  of  the  stomach 
I  ■om  being  very  evident.  Tartaric  acid  in  large  doses  temporarily  in- 
I  .'eases  the  acidity  of  the  urine,  causing  it  to  rise  considerably  higher  than 
I  sual  after  a  fast,  but  not  preventing  that  which  is  passed  a  few  hours 
I  ter  food  from  becoming  alkaline.  Tartrate  of  potash  in  large  doses,  on 
I  e  other  hand,  has  a  marked  effect  in  rendering  the  urine  alkalescent ; 

*  nC<3  Prof-  behmann'a  "  Physiological  Chemistry"  (Cavendish  Society's  ed.),  vol.  ii. 
+  2w    fi-  t  "  Philos.  Transact,,"  1849. 

|  I    Memoirs  of  Manchester  Phil.  Society,"  1859. 
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still,  it  does  not  prevent  the  usual  recurrence  of  the  acidity  some  hours 
after  a  meal. — The  Urine  of  Herbivorous  animals  is  almost  invariably 
alkaline;  partly  because  their  food  contains  a  large  quantity  of  alkaline 
and  earthy  bases,  in  combination  with  citidc,  tartaric,  oxalic,  and  other 
acids,  which  are  decomposed  within  the  system  ;  and  partly  because  the 
amount  of  sulphuric  and  phosphoric  acids,  generated  as  products  of  the 
oxidation  of  the  elements  of  the  tissues  or  of  the  surplus-food,  is  not 
sufficient  to  neutralize  them.    Such  is  the  condition  which  occasions  the 
alkalinity  of  Human  Urine,  when  a  portion  of  the  acid  which  would  other- 
wise show  a  predominance  is  directed  into  another  channel ;  and  it  is 
exaggerated  in  those  states,  in  which,  either  from  the  irritating  nature 
of  the  food,  or  from  the  irritable  condition  of  the  stomach,  an  undue 
quantity  of  acid  is  poured-out  into  that  viscus;  so  that,  its  reaction 
being  habitually  acid,  that  of  the  xirine  becomes  habitually  alkaline. 
Such  a  state  of  the  urine  must  be  carefully  distinguished,  as  Dr.  Bence 
Jones  has  pointed-out,*  from  that  in  which  the  alkalescence  is  due  to 
the  presence  of  volatile,  and  not  to  that  of  fixed  alkali ;  the  difference 
being  easily  recognizable  by  the  influence  of  the  liquid  upon  reddened 
litmus-paper,  for  the  restoration  of  its  blue  colour  is  permanent  in  the 
latter  case,  but  only  transitory  in  the  former.    The  alkalescence  due  to 
the  presence  of  volatile  alkali  is  due  to  the  decomposition  of  urea,  whilst 
the  urine  is  yet  within  the  bladder,  through  the  agency  of  morbid  secre- 
tions of  that  viscus ;  and  it  disappears' when  this  organ  returns  to  its 
healthy  state.    On  the  other  hand,  the  alkalescence  from  fixed  alkali 
proceeds  from  disordered  action  of  the  stomach,  which  is  usually  con- 
nected with  disorder  of  the  general  system  ;  and  it  persists  until  this 
can  be  remedied.    In  both  forms  of  alkalescence,  there  is  a  precipita- 
tion of  earthy  phosphates ;  but  in  the  alkalescence  from  fixed  alkali,  the 
precipitate  usually  consists  almost  entirely  of  phosphate  of  lime;  whilst 
in  that  from  volatile  alkali,  the  amorphous  sediment  of  phosphate  of  lime 
is  mingled  with  prismatic  crystals  of  the  phosphate  of  ammonia  and 
magnesia.    These  precipitates  may  be  obtained  from  healthy  urine,  by 
adding  to  it  a  solution  of  potash  or  of  ammonia;  and  the  decomposition 
of  such  urine,  which  begins  to  take  place  very  soon  after  it  leaves  the 
body,  gives  rise  to  the  same  precipitation,  by  the  production  of  car- 
bonate of  ammonia  at  the  expense  of  its  urea. 

414.  Thus,  then,  we  have  seen  that  the  Kidneys  serve  as  the  special 
instruments  for  depurating  the  Blood  of  those  highly- a  zotized  compounds, 
which  are  formed  in  the  system  by  the  decomposition  of  the  materials  of 
the  albuminous  and  gelatinous  tissues,  and  also  by  that  of  the  non-assi- 
milated components  of  the  food.  We  have  seen  also,  that  they  serve  for 
the  removal  of  certain  excrementitious  compounds,  of  which  carbon  is  «. 
principal  ingredient ;  and  these,  although  normally  present  in  but  smal 
amount,  may  undergo  a  marked  increase  in  disease,  especially  when  th 
liver  is  insufficiently  performing  its  functions,  or  the  respiratory  process 
obstructed.    Further,  we  have  been  led  to  regard  the  Kidneys  as  th< 


is 


emunctory,  not  only  for  the  superfluous  water  of  the  blood,  but  also  foi  j 
those  saline  compounds,  which,  having  been  introduced  into  the  systen 
or  generated  within  it,  in  larger  amount  than  is  compatible  with  tn 

•  "Medical  Times,"  Dec.  13,  1851. 
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normal  constitution  of  the  blood,  or  than  is  required  for  the  reparation 
of  the  solids  of  the  body,  or  for  the  production  of  its  fluid  secretions,  are 
only  fitted  for  elimination  (§  344).  On  this  point  a  very  elaborate  series 
of  researches  was  made  by  Wohler,*  who  showed  that  of  the  soluble  salts 
taken  into  the  circulation,  those  are  most  readily  excreted  which  produce 
a  determination  of  blood  towards  the  kidneys,  whereby  an  increased  quan- 
tity of  liquid  is  filtered- off  through  the  outlet  which  they  afford.  This 
statement  is  to  be  extended  from  saline  compounds,  to  such  other  soluble 
matters  as  are  not  eliminated  by  preference  through  other  channels,  or 
are  present  in  too  large  an  amount  to  find  their  way  out  thence  with  suffi- 
cient rapidity,  as  Sugar  and  Lactic  acid.  In  like  manner,  too,  the  system 
makes  an  effort  to  free  itself  (so  to  speak)  from  various  substances 
altogether  foreign  to  it,  which  have  been  introduced  into  the  circulating 
current  by  absorption,  and  which  would  be  injurious  if  retained ;  the 
rate  at  which  it  does  so,  being  in  a  great  degree  dependent  upon  the  func- 
tional activity  of  the  Kidneys  (§§  219,  220). 

415.  It  is  a  most  important  fact,  in  a  Dietetic  and  Therapeutic  point 
of  view,  that  the  metamorphic  process,  of  which  the  greater  part  of  the 
constituents  of  the  urine  are  the  products,  should  be  capable  of  retarda- 
tion or  of  acceleration  by  the  presence  of  other  substances  in  the  blood. 
The  former  appears  to  be  the  operation  of  theine,  which  is  the  active 
principle  of  Tea  and  Coffee.    From  various  experiments, f  it  appears  that 
the  use  of  these  substances,  by  retarding  the  'waste'  of  the  system, 
diminishes  the  demand  for  food,  and  makes  a  limited  amount  of  it  go 
further ; J  and  this  conclusion  seems  fully  borne  out  by  experience  § — 
The  like  results  happen,  according  to  Dr.  Bcicker,  under  the  use  of  small 
quantities  of  Alcohol  frequently  repeated  ;  as  much  as  13^  grammes  less 
I  urea  being  excreted  daily,  when  a  tea-spoonful  of  proof-spirit  was  taken 
3even  or  eight  times  a  day,  than  when  water  alone  was  drank.    It  does 
lot  hence  follow,  however,  that  Alcohol  can  be  used  as  advantageously 
"or  this  purpose  as  Tea  or  Coffee ;  in  fact,  it  may  be  doubted  whether  it 
s  so  much  by  diminishing  the  '  waste'  of  matter,  as  by  interfering  with 
>,he  due  elimination  of  its  products,  that  Alcohol  occasions  a  diminution 
n  the  weight  of  the  urinary  solids.    For,  although  it  does  not  appear  to 
iffect  any  marked  diminution,  but  rather  an  increase  in  the  elimination 
>f  certain  forms  of  excrementitious  matter  which  have  been  received 
>ack  into  the  blood,  and  especially  of  the  hydrocarbonaceous  products 
§  308,  vi.),  yet  very  cogent  evidence  is  supplied  by  the  experience  of 
zymotic  diseases,  that  the  very  same  cause  produces  an  accumulation 
»f  fermentible  azotized  substances  in  the  blood  (§  69). — It  seems  not 
inlikely  that  the  almost  instinctive  craving  for  Tobacco  among  a  large 
Toportion  of  mankind,  arises  out  of  its  possession  of  a  power  of  retard- 
ing the  metamorphosis  of  the  tissues ;  since  we  find  that  men,  when  sup- 

+  Miiljer's  "Elements  of  Physiology,"  translated  by  Baly,  p.  589. 

T  Bocker,  "Archiv  des  Vereins  iur  gem.  Arbeit,  zur  Ford,  der  Wiss.  Heilk.," 
854 ;  and  Julius  Lehmann,  "  Annal.  der  Chem.  und  Pharm.,"  Bd.  lxxxvii. 

I  Dr.  Ed.  Smith  ("  Proceed,  of  Roy.  Soc,"  1861)  found  the  decrease  in  the  elimina- 
on  of  urea  after  the  use  of  tea  (which  had  the  greatest  effect)  and  coffee,  to  be  but 

'f  v  • marked  after  the  fir8t  day or  ^o. 

\1 '  u°m  e.xPe"ments  with  coffee  on  a  dog,  was  led  to  a  different  result ;  and 
nsirlers  that  this  substance  possesses  but  little  influence  on  the  excretion  of  urea, 
ee  tlenle  and  Meissner,  "  Bericht,"  I860,  p.  397. 
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plied  with  this  article,  can  far  better  sustain  being  put  upon  a  short 
allowance  of  food,  than  when  destitute  of  it. 

41 6.  Of  the  substances  that  accelerate  the  metamorphosis  of  the  tissues 
and  thus  augment  the  solids  of  the  urine,  the  Alkalies  and  their  carbonates 
and  Chloride  of  Sodium  are  those  whose  action  is  best  known ;  these 
(with  such  of  their  salts  as  are  formed  by  acids  which  are  decomposed 
in  the  blood  into  the  carbonic,  such  as  the  acetates,  tartrates,  and  citrates) 
have  a  solvent  action  on  the  albuminous  compounds  generally,  and  tend 
to  break-up  these  compounds  into  simpler  forms  of  combination.  Hence 
it  seems  likely  that  their  presence  in  the  Blood  in  increased  amount,  will 
tend  to  hasten  the  retrograde  metamorphosis  of  the  tissues ;  their 
chemical  force  being  exerted,  not  merely  upon  those  which  are  already 
in  a  state  of  disintegration,  but  also  upon  those  which,  being  disposed 
to  degenerate,  cannot  exercise  that  resisting  power  which  they  possess 
when  in  a  state  of  complete  vital  activity.*  The  operation  of  Liquor 
Potassaj  in  health,  in  acute  rheumatism,  and  in  chronic  diseases,  has  been 
carefully  studied  by  Dr.  Parkes  ;f  and  he  has  given  satisfactory  evidence 
that  it  causes  an  increase  in  the  solids  of  the  urine  generally,  but  espe- 
cially in  the  urea  and  in  the  amount  of  the  sulphuric  and  phosphoric 
acids ;  thus  clearly  showing  that  it  hastens  the  metamorphosis  of  some  of 
the  albuminous  structures  of  the  body.  Similar  results  were  obtained 
by  Dr.  Golding  Bird, J  from  the  employment  of  acetate  of  potash. — It 
does  not  appear,  however,  that  the  excretion  of  the  urinary  solids  is 
augmented  by  those  '  diuretic'  medicines,  which  cause  a  larger  amount 
of  liquid  to  be  passed-off  through  the  Kidneys,  merely  by  determining 
an  increased  flow  of  blood  to  them.  On  the  contrary,  it  would  seem  as 
i  I j  by  producing  congestion  and  irritation,  they  sometimes  interfere  with 
the  normal  process  of  secretion  ;  so  that  the  quantity  of  solid  constituents 
is  actually  decreased,  notwithstanding  the  large  augmentation  in  the 
watery  part  of  the  urine.  This  very  important  fact  has  been  demon- 
strated by  Prof.  Krahmer,§  who  gives  the  following  as  the  result  of  his 
observations  upon  the  amounts  excreted  in  24  hours,  after  the,  adminis- 
tration of  diuretics  to  persons  in  health  : — 

-*r*j;~;„*  .,.•„.,.  Total  Solids  Organic  Inorganic 

Medicine  given.  fa  Urin^  Compounds.  Compounds. 

None   2-40  oz.  ...  1-28  oz.  ...  T13  oz. 

Juniper   212  „  ...  0-94  „  ...  118  „ 

Venice  Turpentine    .  1-94,,  ...  Ml,,  •••  0-83,, 

Squiil   2-25  „  ...  1-04  „  ...  121  „ 

Digitalis   2  45  „  ...  1-28  „  ...  M7  „ 

Gnaiacum    ....  2"43  „  ...  138  „  ...  105  „ 

Colchicum   ....  2  32  „  ...  136  „  ...  0"96  „ 

It  seems  highly  probable  that  the  '  critical  evacuations'  of  urine,  as  o 
sweat,  or  fjecal  matter,  on  which  the  older  physicians  were  accustome 
to  lay  great  stress,  are  really  charged  with  noxious  substances,  of  whic 
the  blood  is  thus  depurated ;  and  that  great  benefit  would  frequentl 
arise  in  practice  from  the  use  of  the  '  alterative  diuretics,'  as  suggests 
by  Dr.  G.  Bird,  where  (as  in  chronic  rheumatism,  gout,  &c.)  there  « 

*  See  Voit  On  the  action  of  Common  Salt,  &c,  Municb,  1860. 
t  "  Brit,  and  For.  Med.-Chir.  Review,"  vols,  xi.,  xiii.,  xiv.  . 
+  See  his  '  Lectures  on  the  Influence  of  Researches  in  Organic  Chemistry  on  J. 
poutics,'  in  "Medical  Gazette,"  1848,  vol.  xlii.  p.  230. 
§  Heller's  "  Archiv,"  Dec.  1847. 
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eason  to  believe  that  a  quantity  of  mal-assimilated  matter  exists  in  the 
ratem,  of  which  it  is  important  to  get-rid.  In  many  such  cases,  indeed, 
Linical  observation  had  already  established  the  benefit  derivable  from 
ich  medicines,  without  affording  the  rationale  of  it. 

4.  Of  the  Skin ; — Cutaneous  Transpiration. 

417.  The  Skin  is  the  seat  of  various  secretions, — as  the  Sebaceous, 
eruminous,  and  Odoriferous, — for  each 
which  it  is  provided  with  special  organs ; 
at  these  have  reference  chiefly  to  its  own 
i  rotection,  or  to  some  other  local  pur- 
-  jse ;  and  the  only  one  which  can  be  re- 
irded  as  truly  excrementitious,  is  the 
ranspiration  of  aqueous  fluid,  holding 
irtain  matters  in  solution.    The  elimi- 
ition  of  this  fluid  from  the  blood  is 
Lfected  by  the  Sudoriparous  glandulaj 
i"ig.  137),  which  essentially  consist  of 
ngconvoluted  tubes  (a,  a),  rarely  single, 
it  usually  multiplied  by  repeated  dicho- 
mous  subdivision  (b),  sometimes  also 
ving-off  short  cffical  processes  before 
sir  termination.  These  are  seated  rather 
j-  neath  the  Corium,  in  the  midst  of  the 
;  bcutaneous  adipose  tissue,  than  in  the 
I  bstance  of  the  skin  itself.   All  the  tu- 
I  li  of  each  gland  unite  so  as  to  form  but 
jLeduct;  and  this  passes  upwards  through 
I'!  Cutis  and  Cuticle,  in  a  somewhat 
|:  kscrew-like  manner  (c),  to  open  upon 
**!  surface  of  the  latter  ((/),  which  it 
l.ially  reaches  obliquely,  so  that  the 
I  ;er  layer  of  the  Epidermis  forms  a  sort 
ittle  valve,  which  is  lifted  by  the  se- 
|  ted  fluid  as  it  issues  forth.  These 
li  ndulae  are  diffused  in  varying  propor- 
I  is  over  the  entire  surface  of  the  body. 
1  cording  to  Mr.  Erasmus  Wilson*  as 
I  ay  as  3528  of  them  exist  in  a  square 

I  h  of  surface  on  the  palm  of  the  hand ; 
1.'.  since  every  tube,  when  straightened- 

I I  is  about  a  quarter  of  an  inch  in 
I  ?th,  it  follows  that,  in  a  square  inch  of 
ill  from  the  palm  of  the  hand,  there 

I  its  a  length  of  tube  equal  to  882 
or  73^  feet.    The  number  of 
J  idulae  in  other  parts  of  the  Skin  is 
I  etim.es  greater,  but  is  generally  less 


Sudoriparous  Gland  from  the  palm  of 
the  hand,  magnified  40  diam. : — a,  a,  con- 


torted tubes,  composing  the  gland,  and 
uniting  in  two  excretory  ducts,  b,  b,  which 
unite  into  one  spiral  canal  that  perforates 
1  this ;  and,  according  to  Mr.  Wilson,    the  epidermis  at  c,  and  opens  on  its  sur- 
it.  9ftnn™„    l.i  ,-,  face  at  d;  the  gland  is  imbedded  in  fat- 

It  ^HUO  may  be  taken  as  the  average  vesicles,  which 


are  seen  at  e,  e. 

*  "  On  the  Management  of  the  Skin,"  3rd  edit.  p.  37. 
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number  of  pores  in  each  square  inch  throughout  the  body.  Now  the 
number  of  square  inches  of  surface,  in  a  man  of  ordinary  stature,  is 
about  2500  ;  the  total  number  of  pores,  therefore,  may  be  about  seven 
millions ;  and  the  length  of  the  perspiratory  tubing  would  thus  be 
1,570,000  inches,  or  nearly  28  miles. 

418.  Although  a  separation  of  fluid  by  this  extensive  glandular  appa- 
ratus is  continually  taking-place,  yet  this  fluid,  being  usually  carried-off 
in  the  form  of  vapour  as  fast  as  it  is  separated,  does  not  ordinarily  accu- 
mulate so  as  to  become  sensible.  If,  however,  from  the  increased  amount 
of  the  secretion,  or  from  the  condition  of  the  surrounding  air,  the  whole 
fluid  thus  poured-out  should  not  evaporate,  the  residue  forms  minute 
drops  upon  the  surface  of  the  skin.    Thus  the  Sudoriparous  excretion 
may  take  the  form  either  of  sensible  or  of  insensible  transpiration ;  the 
latter  being  constant,  the  former  occasional.  When  collected  in  the  fluid 
state,  sweat  is  a  colourless  liquid,  possessing  a  peculiar  odour  according 
to  the  part  of  the  skin  from  which  it  is  obtained,  and  more  or  less  turhid 
from  the  presence  of  sebaceous  matter  and  epidermal  scales,  which  con- 
stitute from  0'2  to  0*3  per  cent,  of  the  whole  amount  of  the  excretion. 
Its  reaction  is  usually  acid,  though  Gillibert  and  Favre  found  that  after 
protracted  sweating  it  became  neutral  or  even  alkaline.    Its  acidity 
appears  to  be  due  to  the  presence  of  certain  volatile  acids,  as  the  acetic, 
butyric,  and  formic ;  to  which,  and  possibly  to  the  metacetonic  and 
capric  acids,  we  are  probably  to  attribute  the  sour  smell  which  it  pos- 
sesses in  some  disordered  states  of  the  system.    The  substances  which 
have  been  found  to  be  constant  constituents  of  the  sweat  are,  water,  fat,  I 
various  volatile  fatty  acids  in  addition  to  those  already  mentioned,  urea 
and  inorganic  salts,  amongst  the  chief  of  which  are  the  chlorides  of 
sodium  and  potassium,  the  alkaline  phosphates  and  sulphates,  the  earthy 
phosphates,  and  iron.    That  it  is  a  true  secretion,  and  not  a  merej 
transudate,  is  shown  by  the  entire  absence  of  albumen.    Other  consti-| 
tuents  of  the  sweat,  whose  presence  is  not  constant,  or  the  nature  ofj 
which  has  not  been  satisfactorily  determined,  are,  the  salts  of  ammonia,! 
of  lactic  acid,  and  of  the  hydrotic  acid  of  Favre,  and  certain  pigmentary^ 
substances  of  various  shades.      In  disease,  uric  acid,  grape-sngarJ 
albumen,  and  biliary  colouring  matters,  have  been  found;  and  whenl 
taken  with  the  food,  benzoic  acid  (partly  converted  into  hippuric),  succinicj 
cinnamic,  and  tartaric  acids,  with  iodine  and  iodide  of  potassium,  bavd 
been  recovered  in  the  sweat.    Funke  calculates  that  about  1 1  grains  o 
nitrogen  are  daily  eliminated  by  the  skin  through  the  desquamation  o| 
the  epithelial  scales.    He  also  found  urea  (as  was  first  stated  by  Drj 
Landerer*)  to  be  a  constant  constituent.    In  one  experiment,  the  entirj 
quantity  of  perspiration  for  the  whole  body  for  1  hour,  being  332<J 
grains,  6|  grains  were  found  to  be  present.    If  the  secretion  had  coiv 
tinued  at  the  same  rate  for  24  hours,  157<|  grains  of  urea  would  hav 
been  eliminated,  containing  73^  grains  of  nitrogen.    Under  ordmar 
circumstances,  however,  it  is  probable  that  a  very  much  smaller  qua 
tity  is  thus  eliminated.    From  the  general  uniformity  in  the  proportio 
of  solids  to  100  parts  of  sweat,  observed  by  Funke,  it  is  obvious  tna 
with  an  increase  in  the  quantity  of  fluid  excreted  by  the  skin,  there 

*  Heller's  "  Archiv,"  Bd.  iv.  p.  196. 
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ilso  an  augmented  excretion  of  solids  ;  and  to  the  deficiency  which  is 
•,hus  produced  in  the  salts  of  the  blood  may  be  partly  assigned  the  de- 
bilitating effects  of  profuse  perspirations.      Other  causes,  however, 
wobably  concur  in  producing  those  effects.    Thus  the  great  fatigue 
vhich  is  experienced  as  a  consequence  of  muscular  exertion  in  a  heated 
tniosphere,  may  fairly  be  set  down  to  the  diminished  activity  of  the  re- 
piratory  process  at  high  temperatures  (§  331,  I.),  and  the  colliquative 
weating  of  hectic  fever  is  obviously  not  a  cause  but  a  consequence  of, 
bough  it  may  also  react  upon  and  increase,  the  debilitated  state  of  the 
eneral  system.    The  proportion  of  solid  matter  contained  in  different 
pecimens  differs  very  greatly ;  thus,  according  to  Anselmino,  it  varies 
etween  5  and  12 "5  parts  in  1000  ;  the  observations  of  Favre*  give  4-43 
arts  per  1000  as  the  proportion  contained  in  nearly  nine  gallons  which 
e  had  collected ;  whilst  those  of  Schottinf  raise  it  as  high  as  22-4  parts 
er  1000,  of  which,  however,  12  parts  consisted  of  epithelium  and  in- 
hluble  matters. 

419.  The  entire  amount  of  fluid  which  is  'insensibly'  lost  from  the 
utaneousand  Pulmonary  surfaces  was  estimated  by  Seguin  at  18  grains 
.  sr  minute ;  of  which  11  grains  pass-off  by  the  skin,  and  7  by  the  lungs. 
I:  anke,  J  with  two  students,  made  numerous  experiments  upon  the  amount 
id  characters  of  the  Sweat  excreted  from  the  hand  and  forearm  under 
I  Jferent  circumstances.  In  these  experiments  the  arm  was  enclosed  in  a 
|  loutchouc  bag,  and  each  experiment  lasted  for  one  or  two  hours.  It 
i-  as  found  that  the  largest  quantity  of  sweat  obtained  from  the  forearm 
id  hand  under  favourable  circumstances,  in  1  hour,  was  740  grains, 
j  hich  would,  in  24  hours,  supposing  the  secretion  to  continue  at  the  same 
■  te,  amount  to  about  2|  lbs.    But,  from  accurate  measurements,  Funke 
oertained  that  the  ratio  of  the  superficies  of  the  forearm  and  hand  to 
i  at  of  the  body  generally  was  as  1  :  17  ;  so  that  if  the  perspiration  took 
fe  ace  continuously  and  at  the  same  rate  from  the  whole  surface  of  the 
I'.'dy,  upwards  of  42  lbs.  might  be  discharged  in  24  hours.    On  the 
i  'ler  hand,  the  minimum  quantity  excreted  by  the  hand  and  forearm  was 
I   grains  per  hour,  which  would  amount  to  1152  grains  in  24  hours,  and 
|  s,  multiplied  by  17,  would  give  2|  lbs.  for  the  amount  eliminated 
>m  the  whole  body  in  24  hours.    It  was  found,  however,  that  different 
j  jions  of  the  body  gave-off,  in  proportion  to  their  surface,  very  different 
antities  of  fluid :  thus,  in  no  instance  was  the  amount  discharged  by 
i  leg  equal  to  that  given-off  by  the  arm.   Moreover,  the  three  experi- 
nters  furnished  very  different  proportions  of  sweat  under  the  same 
|  cumstances :  thus,  with  active  exercise  in  the  sun,  the  proportion  be- 
|  eenthem  was  as  1  :  2-3  :  4*4,  and  in  another  experiment  as  1  :  1*7  :  2-06. 
V  nke  draws  the  conclusion  from  his  experiments,  that  the  entire  amount 
I  perspiration  from  the  whole  body  may  fluctuate  from  about  2  ounces 
19  grains)  to  about  29  ounces  (12,588  grains)  per  hour,  the  quantity 
I  solid  residue  varying  from  14*25  to  107 '57  grains  per  hour.     It  is 
icult  to  give  an  average  for  the  24  hours  when  the  variations  are  so 
I  ;at;  but  it  may,  perhaps,  be  estimated  at  about  2  lbs.,  the  exhalation  of 

"Archives  Gener.  de  MeU,"  1853,  5me  Ser.,  torn.  ii.  pp.  1-12. 
|  „£™hlv  rur  rhysiol.  Heilkunde,"  Bd.  ii.  pp.  73-104. 

Jamrage  zur  Kenntniss  der  Schweiss  Secretion ,"  Moleschott's  "  Untersuchun- 
\\  wNaturlehre,"  «•  s.  w.  iv.  p.  36. 
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aqueous  vapour  by  the  lungs  being  rather  less  than  1  lb.  (§  313).  An  in- 
teresting series  of  observations  has  recently  been  published  by  Dr.  Victor 
Weyrich*  upon  the  relative  amounts  of  insensible  perspiration  under 
different  conditions.   The  instrument  he  employed  -was  a  modification  of 
Daniell's  hygrometer ;  and  his  experiments  extended  over  more  than  a 
year.    He  found  that  variations  of  temperature  between  55°  and  70°  F. 
produced  little  effect ;  but  every  1°  C.  (  =  If0  F.)  above  70°  F.  occasioned 
an  increase  of  2  per  cent,  in  the  total  amount  of  vapour  exhaled,  and  for 
every  1°  C.  below  55°  F.  there  was  a  diminution  of  from  1  to  1|  per 
cent.    He  observed  that  the  effects  of  the  relative  moisture  of  the  air 
were  in  great  measure  concealed  by  variations  in  temperature ;  so  that 
the  highest  averages  of  insensible  perspiration  occurred,  not  with  the 
lowest,  but  with  moderate  amounts  of  moisture  in  the  air.    The  mini- 
mum amount  of  perspiration  always  occurred  on  rising  in  the  morning, 
being  then  25  per  cent,  below  the  average.   The  maximum  amount  was 
eliminated  at  noon,  when  it  rose  to  52  above  the  minimum.    Food  in- 
variably increased  the  cutaneous  transpiration,  coffee  and  tea  having  a 
particularly  poAverful  influence.    The  increase  occurred  soonest  after 
breakfast,  but  was  greatest  and  most  permanent  after  dinner.  Moderate 
muscular  or  mental  exertion  slightly  increased  the  amount  of  perspira- 
tion, but  fatigue  and  exhaustion  produced  a  considerable  decrease. 
Violent  muscular  effort  raised  it  to  77  per  cent,  above  the  mean ;  sever 
intellectual  labour,  42  per  cent.    During  sweating,  the  rise  was  eq 
to  11 G  per  cent,  over  the  mean,  but  after  sweating  it  fell  even  to  26  pe: 
cent,  below  the  mean.     It  varies  greatly,  according  to  the  conditions 
the  atmosphere,  and  that  of  the  body  itself,  in  respect  to  exposure,  food 
exercise,  and  activity  of  other  secretions ;  and  these  variations,  as  w 
shall  hereafter  see  (§  423),  have  a  most  important  share  in  the  regula 
tion  of  the  temperature  of  the  body. — The  whole  amount  of  Cutaneo 
transpiration,  'sensible'  and  'insensible,'  is  greatly  increased  by  h 
and  dryness  of  the  surrounding  air  ;  for  the  heat  occasions  the  dete: 
nation  of  an  augmented  amount  of  blood  to  the  cutaneous  vessels ;  an 
of  the  fluid  which  thus  transudes,  a  large  portion  is  carried-off  in  th 
state  of  vapour.  The  more  the  heated  atmosphere  is  already  charged  wii 
watery  vapour,  the  smaller  will  be  the  proportion  of  the  transuded  flui 
that  will  thus  '  insensibly'  pass  away  ;  and  the  more  will  accumulate 
'sensible'  perspiration.    Exact  observations  on  this  point,  however, 
much  wanting,  in  which  not  merely  the  temperature,  but  the  hygrom 
trie  state  of  the  air  should  be  precisely  determined ;  the  best  hither 
recorded  being  those  made  by  Dr.  South  wood  Smithf  at  the  Phoenix  Gi 
Works,  in  which  the  former  element  only  was  carefully  noted.  The 
observations  were  made  upon  eight  of  the  workmen  employed  in  '  dra 
ing'  and  '  charging'  the  retorts  and  in  making-up  the  fires,  during  whi 
they  are  exposed  to  intense  heat ;  the  men  were  accurately  weighed 
their  clothes,  immediately  before  they  began,  and  after  they  had  finish 
their  work ;  and  in  the  interval  between  the  first  and  second  weighin,' 
they  were  not  allowed  to  partake  of  any  solid  or  liquid  ingesta,  nor 
part  with  urine  or  faeces. 

*  "  Die  unmerkliche  Wasserverdunstung  der  Menschlichen  Haut,"  Leipzig,  18 
See  Abstract  in  "Med.-Chir.  Rev.,"  1863,  vol.  ii.  p.  359. 
t  "Philosophy  of  Health,"  vol.  ii.  pp.  391-396. 
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Experiment  I.  Nov.  18,  1836.  Day  bright  and  clear.  Temperature 
the  air  . in  which  the  men  worked,  GO0  Fahr.  Barometer  29*25  in.  to 
4  in.  Duration  of  labour,  45  minutes. — Average  loss  of  weight, 
-bs.  6  oz. ;  maximum,  4  lbs.  3  oz. ;  minimum,  2  lbs.  8  oz. 
Experiment  II.  Nov.  25,  1836.  Day  foggy,  with  scarcely  any  wind, 
literature  of  the  air  39°  Fahr.  Barometer  29"8.  Duration  of  labour, 
minutes.  Average  loss  of  weight,  2  lbs.  2  oz.;  maximum,  2  lbs.  15  oz. ; 
J  dmiun,  14  oz. 

ixperiment  III.    June  3,  1837.    Day  exceedingly  bright  and  clear, 
i  little  wind.    Temperature  of  the  air,  60°.    Duration  of  labour, 
minutes. — Average  loss  of  weight,  2  lbs.  8  oz. ;  maximum,  3  lbs.  ; 
j  iraum,  2  lbs. 

Experiment  IV.  On  the  same  day,  two  other  men  worked  in  an 
sually  hot  place  for  70  minutes ;  the  loss  of  weight  of  one  of  these 
;  4  lbs.  14  oz. ;  and  of  the  other  5  lbs.  2  oz. 

dthough  the  individuals  subjected  to  these  experiments  were  not  in  all 
I  ances  the  same,  yet  there  was  enough  of  identity  among  them,  to 

it  of  the  certain  inference,  that  the  amount  of  fluid  lost  must  be  in- 

aced  by  the  state  of  the  individual  system,  as  well  as  by  that  of  the 
I  ounding  medium.  Thus  in  the  second  experiment,  Michael  Griffiths 
;  2  lbs.  G  oz.,  and  Charles  Cahell  2  lbs.  15  oz. ;  whilst  in  the  third, 
lihael  Griffiths  lost  3  lbs.,  and  Charles  Cahell  only  2  lbs.  It  is  pro- 
|  e  that  the  amount  of  liquid  ingested  not  long  previously,  might  have 

nsiderable  influence  on  the  quantity  lost  by  transpiration  under  such 
L  lmstances. 

I  10.  That  the  Cutaneous  excretion  is  to  a  certain  extent  vicarious 

the  Urinary  in  regard  to  the  amount  of  fluid  eliminated,  has  been 
rally  admitted,  and  is  probably  true ;  but  the  observations  of  Wey- 
m:  have  shown  that  under  similar  conditions,  avoiding  extremes,  both 
;  ations  rise  and  fall  together,  and  that,  consequently,  no  deductions 

I I  be  drawn  as  to  the  amount  of  perspiration  givenToff  from  any  esti- 
s  of  the  volume  of  urine  discharged.    We  must  not  disregard  the 

1 1:  instance,  however,  that  these  two  excretions  are  to  a  certain  extent 
ji'ious,  in  regard  to  the  ehmination  of  the  products  of  the  'waste'  of 
-  ystern.     The  share  which  the  Skin  has  in  this  office  has  probably 
f  generally  underrated.   As  we  have  seen  (§  418),  there  is  reason  to 
ve  that  at  least  100  grains  of  azotized  matter  are  excreted  from  it 
;  and  any  cause  which  checks  this  excretion  must  throw  additional 
ir  on  the  kidneys,  and  will  be  likely  to  produce  disorder  of  their 
ion. — From  the  experiments  of  Scharling  and  Hannover,  it  would 
ir  that  the  proportion  of  Carbonic  acid  eliminated  by  the  Skin  is 
it  discharged  by  the  Lungs  as  1 :  38. — The  secreting  action  of  the 
is  influenced  by  general  conditions  of  the  vascular  and  nervous 
sis,  which  are  as  yet  ill  understood.    It  is  quite  certain,  however, 
hrough  the  influence  of  the  latter  the  secretion  may  be  excited  or 
nded ;  this  is  seen  on  the  one  hand  in  the  state  of  syncope,  and 
1 5  effects  of  depressing  emotions,  especially  fear,  and  its  more  aggra- 
V  condition,  terror;  and  on  the  other,  in  the  dry  condition  of  the 
;  uring  states  of  high  nervous  excitement.    It  is  very  probable 
n  many  forms  of  fever,  the  suppression  of  the  perspiration  is  a 
rather  than  an  effect,  of  disordered  vascular  action ;  lor  there  are 
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several  morbid  conditions  of  large  parts  of  the  surface,  in  which  the  sup 
pression  of  the  transpiration  appears  to  be  one  of  the  chief  sources 
danger,  having  a  tendency  to  produce  congestion  and  inflammation 
the  internal  organs.    The  operation  of  some  poisons,  like  tobacco,  i 
duces  copious  sweating.   From  the  experiments  of  Dr.  Fourcault,  whic 
have  been  confirmed  by  Valentin,*  it  appears  that  complete  suppressio 
of  the  perspiration  in  animals,  by  means  of  a  varnish  applied  over  t' 
skin,  gives  rise  to  a  state  termed  by  him  'cutaneous  asphyxia;'  whi 
is  marked  by  imperfect  arterialization  of  the  blood,  and  considerable  i) 
of  temperature ;  and  which,  as  it  produces  death  in  the  lower  anima 
would  probably  do  the  same  in  Man.    A  partial  suppression  by  the  sa 
means  gives  rise  to  febrile  symptoms,  and  to  albuminuria.-!"    In  Vale 
tin's  experiments  it  was  found  that  removal  to  a  room  of  high  te 
perature  (71°  to  104°  Fahr.)  was  followed  by  remarkable  tempo 
improvement  in  the  condition  of  the  animals,  sensibility  and  volunta 
motor  power  being  reacquired,  and  in  some  instances  food  being  tak 
Death,  however,  always  ultimately  occurred. — There  can  be  no  dou 
whatever,  that  imperfect  action  of  the  Cutaneous  glandulse,  conseque 
upon  inactive  habits  of  life  and  want  of  ablution,  is  a  very  freque 
source  of  disorder  of  the  general  system ;  occasioning  the  accumulati 
of  that  decomposing  organic  matter  in  the  blood,  which  it  is  the  spe 
office  of  these  glandular  to  eliminate.    Hence  the  due  maintenance) 
health  requires  that  this  excretion  should  be  promoted  by  the  use  of  t 
natural  and  appropriate  means  just  referred-to  ;  and  this  is  the  md 
necessary,  when  from  any  cause  the  function  of  the  kidneys  is  impd 
fectly  performed.    There  are  many  diseased  states,  moreover,  in  whi| 
there  appears  to  be  a  special  determination  of  the  materies  morbi  to  tl 
Skin ;  and  in  which,  therefore,  the  use  of  means  that  promote  the  cuj 
neous  excretion  constitutes  the  most  efficient  method  of  eliminating 
from  the  blood.J  Laschkewitsch§  regards  the  effects  produced  as  anal 
gous  to  those  seen  in  paralysis  of  the  vaso-motor  nerves,  where  a  hyp! 
remic  condition  of  the  vessels  is  present,  and  the  animal  loses  hi 
rapidly,  and  more  in  proportion  to  the  smallness  of  its  size.   He  dew 
that  the  cause  of  death  is  asphyxia,  but  attributes  it  to  cold,  and  d 
serves  that  on  this  account  death  may  be  deferred  or  prevented  I 
wrapping  the  animal  in  cotton  wool. 

*  "  Archiv  fur  Physiolog.  Heilk.,"  Bd.  ii.  1858,  p.  433.  .      „  1 

t  See  his  important  Treatise,  "  Causes  Generates  des  Maladies  Chroniques,  |' 
1844  ;  and  "  Brit,  and  For.  Med.  Rev.,"  vol.  xx.  pp.  106-108.  .  I; 

t  The  practical  value  of  active  diaphoresis  in  many  febrile  diseases,  is  well  un , 
stood  by  the  native  practitioners  among  the  Negroes  of  tbe  Guinea  Coast ,  j: 
according  to  Dr.  Daniell  ("Medical  Topography  and  Native  Diseases  of  J^lj 
Guinea,"  pp.  119-20),  make  use  of  it  most  successfully  in  the  treatment  ol  adynai 
remittent  fevers.  Dr.  Daniell  states  that  having  himself  had  abundant  expenei . 
its  efficacy,  he  has  no  doubt  of  its  superiority  in  these  cases  to  the  ordinary  pr  i? 
of  venesection,  saline  purgatives,  large  doses  of  calomel,  &c.  _  And  he  has  rep  J 
stated  that  one  great  secret  of  preserving  health  in  tropical  climates,  lies  in  a  | 
tion  to  the  cutaneous  functions. 

§  Reichert's  "  Archiv,"  1868,  p.  61. 
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CHAPTER  XII. 

EVOLUTION  OF  HEAT,  LIGHT,  AND  ELECTRICITY. 

1.    General  Considerations. 

!1.  The  series  of  Nutritive  operations  which  has  now  been  passed  in 
a-,  lias  been  shown  to  consist  in  the  continual  appropriation,  by  the 
nal  organism,  of  certain  '  organic  compounds '  or  '  alimentary  mate- 
,'  which  have  been  generated  for  its  use  by  Plants ;  and  in  the  con- 
restoration  of  their  elements  to  the  Inorganic  world,  either  in  the 
same  forms  of  combination  in  which  they  originally  existed  there, 
products  of  incipient  decay,  by  whose  further  decomposition  those 
le  binary  compounds  will  be  reproduced.    And  thus,  so  far  as  the 
rial  components  of  the  Organic  Creation  are  concerned,  the  agency 
:egetable  life  is  concerned  in  withdrawing  them  from  the  Mineral 
1,  and  that  of  Animal  life  in  returning  them  to  it,  after  they  have 
d  their  purpose  in  the  living  structure.  But  if  we  examine  into  the 
e  of  those  active  powers  or  'forces,'  on  whose  operation  every  change, 
3s  in  the  organized  body,  than  in  what  is  commonly  designated  as 
b'  matter,  is  dependent,  we  shall  find  that  they  are  all  traceable  to 
>lar  radiations.    It  is  by  the  action  of  the  Light  and  Heat  of  the 
ipon  the  Vegetable  germ,  that  it  is  enabled  to  exercise  its  wonderful 
brming  capacity,  whereby  it  extracts  carbon,  hydrogen,  nitrogen, 
xygen,  from  the  carbonic  acid,  water,  and  ammonia  furnished  by  the 
phere  or  the  soil ;  and  that  it  converts  these  into  the  albuminous, 
lrine,  and  oleaginous  compounds,  which  are  the  destined  food  of 
Lais.    And  it  is  under  the  influence  of  Heat  chiefly  derived  from  the 
|  source,  that  the  greater  number  of  tribes  of  Animals  are  enabled 
■  ply  these  compounds  to  the  purposes  of  organization  ;  and  that, 
\,  di  the  peculiar  instruments  thus  constructed,  those  various  kinds 
fal  Force  are  evolved,  whose  operations  are  so  different  from  any 
we  witness  in  the  Inorganic  world.    Accordingly  we  observe  that 
ate  of  life'  in  this  larger  proportion  of  the  Animal  kingdom,  is 
ted,  as  in  Plants,  by  the  amount  of  Heat  supplied  to  the  organism 
external  sources ;  and  that,  when  the  external  temperature  is 
;d  below  a  certain  point,  there  is  an  entire  cessation  of  all  vital 
y.    But  there  are  certain  tribes,  especially  Birds  and  Mammals, 
possess  the  power  of  generating  Heat  within  themselves,  to  such  a 
14 1  as  to  render  the  rate  of  their  vital  processes  almost  entirely  inde- 
nt of  external  influences ;  and  there  is  probably  no  one  species  that 
ercise  this  power  more  effectually,  and  through  a  greater  range  of 
al  conditions,  than  Man  is  able  to  do.    Of  this  we  shall  presently 
vidence. — The  evolution  of  Light,  again,  is  by  no  means  an' unusual 
nenon  among  the  lower  tribes  of  Animals  ;  but  where  it  does  occur, 
illy  appears  to  have  some  special  purpose,  as  is  obvious  enough  in 
e  of  the  glow-worm  and  other  luminous  Insects.    But  the  lumi- 
which  is  occasionally  exhibited  in  Man  must  be  regarded  as  an 
I'er  abnormal  phenomenon,  whose  physiological  interest  arises  out 
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of  the  peculiarity  of  the  circumstances  under  which  it  presents  its 
—Of  the  deg  ree  in  which  Electricity  is  generated  in  the  living  body, 
know  comparatively  little.    There  can  be  no  doubt  that  a  disturb* 
of  Electric  polarity  takes  place  in  every  action  of  Organic  as  wel 
of  Inorganic  Chemistry ;  and  thus  that  every  molecular  change  in 
Animal  as  well  as  in  the  Vegetable  organism  must  involve  an  altera 
in  its  electric  condition.    But  it  would  seem  that  in  the  Animal  b 
generally,  these  alterations  are  made  to  balance  each  other  so  exactly,  t 
no  considerable  disturbance  of  the  electric  equilibrium  ordinarily  ta 
place  in  the  organism  as  a  whole ;  and  it  is  only  in  certain  peculiar  est 
(as  in  the  Electric  Fishes)  that  a  provision  exists  for  the  generatio 
Electricity  in  considerable  amount  and  intensity,  with  a  view  to 
special  purpose.    In  the  Human  subject,  however,  an  extraordinary 
duction  of  free  electricity,  as  of  Light,  occasionally  presents  itself; 
this,  taken  in  connection  with  other  evidence,  would  seem  rather  to  ' 
cate  a  departure  from  the  balance  usually  maintained  between  the  oppo 
electrical  changes  continually  taking  place,  than  to  be  due  to  the  intro ' 
tion  of  any  extraordinary  sources  of  electric  disturbance. 

2.  Evolution  of  Heat. 

422.  All  the  vital  actions  of  the  body  of  Man,  as  of  that  of  '  tr 
blooded '  animals  generally,  require  an  elevated  temperature  as  a  cond 
of  their  performance ;  and  the  high  degree  of  constancy  and  regul 
which  is  observable  in  these  actions,  appears  to  depend  in  great  d 
upon  the  provision  which  the  organism  contains  within  itself, 
maintenance  of  that  temperature  at  a  fixed  standard.    This  con 
and  regularity  are  most  remarkably  exhibited  in  the  various  perio 
changes  to  which  the  body  is  subject  both  in  health  and  in  disease; 
uniformity  of  whose  recurrence  is  due  to  a  corresponding  uniformi 
the  rate  of  vital  action  taking  place  in  the  interval.  Thus, 
shown  hereafter,  the  period  of  parturition  is  in  great  degree  determ 
by  the  maturation  of  the  foetal  structures  ;  and  the  uniformity  of 
time  which  this  requires  (like  the  corresponding  uniformity  in  the  p" 
of  development  in  the  embryo-bird)  may  be  fairly  attributed  to 
regularity  of  the  supply  of  Heat,  which  is  the  power  that  espe 
determines  the  formative  operations.  For  the  periods  of  all  similar 
nomena  in  '  cold-blooded'  animals,  which  have  comparatively  but  1' 
power  of  maintaining  an  independent  temperature,  exhibit  no 
uniformity;  yet  even  in  the  lowest  Vertebrata,  according  to  Mr.  Gulh 
the  temperature  of  the  body  is  from  2°  to  5°  warmer  than  that  o 
medium  in  which  they  live. — We  shall  now  inquire,  in  the  first 
into  the  amount  of  Heat  thus  generated  by  Man ;  and  then  in 
sources  of  its  production. 

423.  Our -present  knowledge  of  the  ordinary  Temperature  o 
Human  body  under  different  circumstances,  is  chiefly  due  to  the  i 
tigations  of  Dr.  J.  Davy.f — The  first  series  of  his  observations  iucl 

*  Lecture  IX.,  "Med.  Times  and  Gaz.,"  Jan.  17th,  1863. 

t  See  Dr.  Davy's  successive  Memoirs  in  the  "Philosophical  TraMCtioii 
1814  (republished*  in  his  "Anatomical  and  Physiological  Researches  ),  1844, 
und  1850.    See  also  Brown-Sequard  ("Journal  de  la  Physiologie,  WW,  P- 
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:  individuals  of  both  sexes,  of  different  ages,  and  among  various  races, 
different  latitudes,  and  under  various  temperatures ;  the  external 
tperattfre,  however,  was  in  no  instance  very  low,  and  the  variations 
e  by  no  means  extreme.  The  mean  of  the  ages  of  all  the  individuals 
|  27  years.  The  following  is  a  general  statement  of  the  results,  the 
-perature  of  the  body  having  been  ascertained  by  a  thermometer  placed 


;r  the  tongue  : — 

>erature  of  the  air .    .    .    .  60° 

69° 
78° 
79-5° 
80° 

i  of  all  the  experiments  .    .  74 
est  temperature  of  air    .    .  82° 
:st  temperature  of  air .    .    .  60° 


»  »> 
ii  >» 
i)  " 


»>  »  n 

»  )>  >> 

>>  n  11 

ii  n  ii 

ii  ii 


Average  temperature  of  the  body  98 "28° 

98-15° 

98-  85° 

99-  21° 
9967° 
99-9° 

Mean  of  all  the  experiments  .  100° 
Highest  temperature  of  body  .  102° 
Lowest  temperature  of  body     .  96'5° 

in  this  we  see  that  the  variations  noted  by  Dr.  Davy,  which  were 
:ently  in  part  the  consequence  of  variations  in  external  temperature, 
which  were  also  partly  attributable  to  individual  peculiarities, 
anted  to  5|-  degrees ;  the  lower  extreme  might  be  found  to  undergo 
further  depression,  if  the  inquiries  were  carried-on  in  very  cold 
ates. — Dr.  Davy's  subsequent  inquiries  have  been  directed  to  the 
i  ;mination  of  the  various  influences  which  tend  to  produce  a  depar- 
;.  from  the  average ;  and  it  will  be  advantageous  to  present  his  results 
svstematized  form,  in  combination  with  those  of  other  observers, 
most  important  of  these  variations  seem  to  be  those  dependent  upon 
Period  of  the  day,  Exercise  or  Repose,  Ingestion  of  Food  or  Drink, 
External  Temperature. 

The  temperakire  of  Infants,  according  to  the  observations  of  Dr. 
;  r,  M.  Roger,*  and  of  Dr.  G-.  C.  Holland,  j  is  somewhat  higher  than 

of  adults,;};  provided  that  they  are  placed  in  conditions  favourable  to 
lustenance  ;  but,  a3  will  be  shoAvn  hereafter,  infants  and  young  chil- 
li are  very  inferior  to  adults  in  their  power  of  resisting  the  depressing 
Ii  :nce  of  external  cold.  Their  temperature,  when  examined  imme- 
miy  after  birth  by  a  thermometer  in  the  axilla,  is  nearly  100°  ;  but 
1-ickly  falls  to  about  95*5°,  and  gradually  rises  in  the  course  of  the 
twenty-four  hours  to  about  97*7°  in  weakly  subjects,  and  to  99*5° 
1:  ong  infants.  Between  four  months  and  six  years  of  age,  M.  Roger 
It.  the  average  temperature  to  be  98-9°  ;  and,  between  six  and  four- 
m years  of  age,  99*16. — The  temperature  of  aged  persons,  from  the 
m  vations  of  Dr.  J.  Davy,  does  not  seem  to  be  below  that  of  persons 
w ;  vigour  of  life,  provided  that  there  be  no  external  depressing  in- 
»;es ;  but  they  seem,  like  infants  and  young  children,  to  have  less 

1  experiments  essentially  corroborate  those  of  Dr.  Davy,  as  well  as  the  older 
g|:'MM.  Eydoux  and  Souleyet  ("Comptes  Rendus,"  1838,  p.  457),  except  that  ho 
S1  greater  difference  in  the  temperature  of  the  men  he  examined,  though  the 
H  on  of  the  atmospheric  temperature  was  much  less. 

A.rchiv.  Gen.  de  Med.,"  1844.       f  "  Inquiry  into  the  Laws  of  Life,"  1829. 

Jr.  W.  F.Edwards  ("On  the  Influence  of  Physical  Agents  on  Life,"  p.  115) 

I  as  the  result  of  his  observations,  which  were  only  ten  in  number,  that  the  tcm- 
rj  -e  of  infants  is  lower  than  that  stated  above  ;  but  it  is  obvious  that  these  obser- 

I I  were  made  during  the  period  of  depression  which  occurs  in  the  first  few  days, 
the  respiratory  function  is  becoming  established. 


480 


EVOLUTION  OF  HEAT,  LIGHT,  AND  ELECTRICITY. 


power  of  resisting  external  cold,  the  temperature  of  their  bodies  being 
more  easily  and  considerably  reduced  by  it  than  is  that  of  adults;  and 
hence  probably  it  has  happened,  that  popular  opinion  assigns  to  them  an 
habitually  inferior  temperature. 

ii.  A  slight  diurnal  variation  in  the  temperature  of  the  body  appears 
usually  to  take  place,  quite  irrespectively  of  external  heat  or  cold ;  but 
this  does  not  seem  to  be  very  constant  either  in  its  period  or  its  degree 
and  is  seldom  very  considerable.    The  concurrent  observations  of  Dr. 
Davy,  Dr.  W.  Ogle,*  and  Dr.  Jurgensen,-|-  show  that  the  body  ia  warmest 
in  the  morning  and  coldest  at  night.    Dr.  Ogle  found  that  the  tempera- 
ture rose  from  morning  till  late  in  the  afternoon,  after  which  it  fell  till 
bedtime.  The  lowest  temperature  occurred  about  daybreak.  The  average 
diurnal  variation  was  about  l-5°  Fahr.    The  minimum  temperature 
noticed  was  97°  at  5.30  a.m.,  in  winter.    The  maximum  was  100-6°, 
whilst  in  a  Turkish  bath  of  120°.    The  extreme  oscillation  of  tempera- 
ture, therefore,  was  not  more  than  3-5°  F.  in  health.    Dr.  Jiirgensen 
found  the  diurnal  variation  to  amount  to  from  1'8°  to  3*6°  F. ;  the 
minimum  occurred  from  1.30  a.m.  to  7.30.  The  temperature  then,  with 
some  fluctuation,  rose  till  4  p.m.,  when  it  attained  its  maximum,  which 
lasted  till  9  p.m.  ;  and  after  this  it  again  fell.   These  observations  corre- 
spond well  with  what  has  already  been  pointed  out  with  regard  to  the 
relative  activity  of  the  respiration  (§  230,  vm.  and  ix.),  and  circulation 
at  different  periods  of  the  twenty-four  hours. 

in.  That  an  increase  in  the  heat  of  the  body  is  produced  by  exercise, 
and  that  repose  tends  to  its  reduction,  is  a  matter  of  familiar  experience  ; 
but  the  observations  of  Dr.  Davy  show  that  there  is  scarcely  any  per- 
ceptible difference  in  the  heat  of  the  deep-seated  parts,  the  augmentation 
and  depression  being  confined  to  the  extremities.  Thus,  on  one  occasion!1 
recorded  by  him,  the  temperature  of  the  air  of  the  room  before  walking 
being  60°,  that  of  the  feet  (shown  by  a  thermometer  placed  between  the 
toes)  being  only  66°,  that  of  the  thermometer  under  the  tongue  being  98°, 
and  that  of  the  urine  being  100°, — the  temperature  after  a  walk  in  the 
open  air  at  40°,  the  exercise  having  diffused  a  feeling  of  gentle  warmth 
through  the  body,  was  96-5°  in  the  feet,  97°  in  the  hands,  98°  under  thej 
tongue,  and  101°  in  the  urine.  So,  on  another  occasion,  the  temperature 
having  been  66°  in  the  room,  75°  in  the  feet,  81°  in  the  hands,  98°  under! 
the  tongue,  and  100°  in  the  urine, — after  a  walk  in  air  at  50°  the  tem-j 
perature  was  99°  in  the  feet,  98°  in  the  hands,  98° under  the  tongue,  and 
101-5°  in  the  urine.    These  effects  are,  therefore,  in  all  probability! 
chiefly  due  to  an  increase  in  the  energy  and  frequency  of  the  heart  s  con* 
tractions,  by  which  means  the  warm  blood  is  driven  with  greater  velocitj 
through  the  extreme  capillaries,  imparting  its  heat  to  the  surrounding 
parts. — The  experiments  of  Becquerel,  moreover,  have  shown  that  a  cei 
tain  amount  of  heat  is  developed  during  the  active  contraction  of  mus  , 

*  "  St.  George's  Hospital  Reports,"  vol.  i.  p.  221.    Dr.  Ogle's  experiments  w« 
made  ou  two  healthy  adults ;  the  temperature  being  taken  by  introducing  a  wai  n 
self-registering  thermometer  three  or  four  times  a  day  under  the  tongue,  and  re  a 
it  in  that  position  for  several  minutes.    They  extended  over  a  year. 

f  "Deutsches  Archiv  f.  Klin.  Med.,"  Bd.  iii.  p.  166.    Dr.  Jiirgensen  s  exp^ 
ments  extended  over  three  days,  and  consisted  in  reading^  off  at  I°terva  *  at 
minutes  the  indications  of  a  thermometer  permanently  retained  in  the  re« 
depth  of  about  two  inches. 
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cular  tissue,  the  rise  in  temperature  of  a  muscle  like  the  Biceps,  after 
a  few  powerful  contractions,  being  as  much  as  1°  Fahr. ;  and  he  re- 
garded this  increase  in  temperature  as  due  to  the  increased  energy  of 
ihe  chemical  changes,  and  in  some  measure  also  to  the  mechanical  effects 
}f  friction,  &c,  taking  place  in  the  contracting  muscle.    It  is  remark- 
ible  that  voluntary  increase  of  the  frequency  and  extent  of  the  respiratory 
novements  for  the  space  of  ten  minutes,  or  suspension  of  the  respiration 
t  the  end  of  a  full  inspiration,  alike  produce  a  decline  in  the  tempera- 
are  of  the  blood,  as  shown  by  that  of  the  skin  over  the  radial  artery  ; 
d  the  former  case  amounting  in  M.  Lombard's*  experiments  to  as  much 
a  -,0  Fahr.  Here,  as  Dr.  Wilson  Philip,  Hastings,  and  C.  J.  B.  Williams 
nave  pointed  out  also  occurs  in  the  artificial  performance  of  respiration, 
he  cooling  effect  of  the  air  introduced  is  greater  than  the  warming  effect 
if  the  respiratory  processes  to  which  it  becomes  subservient.  Coinci- 
lentally  with  such  increase  of  the  respiratory  movements,  however,  there 
3  diminution  of  the  force  and  tension  of  the  pulse,  as  shown  by  the 
j  phygmograph,  which  may  to  some  extent  explain  the  fall. 

iv.  The  influence  of  ingestion  of  food  upon  the  temperature  of  the 
I  ody  was  found,  in  Dr.  Ogle's  and  in  Dr.  Jiirgensen's  experiments,  to 
ause  a  slight  elevation  of  the  temperature  both  of  the  mouth  and  of  the. 
\  actum  unless  wine  were  consumed,  when  a  decline  occurred.  Dr. 
I  iirgensen  observed  no  change  beyond  a  slight  depression  of  the  mean 
iurnal  temperature  after  fasting  for  26  hours  ;  but  when  the  abstinence 
as  prolonged  to  a  period  of  62  hours,  the  mean  diurnal  temperature 
Lose  and  the  usual  period  of  depression  did  not  occur.    Drs.  Ringer  and 
1  ickardsj  have  shown  that,  excepting  in  those  who  are  much  accustomed 
I )  its  use,  the  ingestion  of  alcohol  in  considerable  doses  causes  a  remark- 
tole  diminution  of  temperature,  amounting  in  some  cases  to  about  3° 
ahr.    In  rabbits,  the  injection  of  alcohol  into  the  rectum  caused  a  de- 
I  -ession  of  the  animal  heat  amounting  to  15°.    They  found  that  alcohol 
|\.  various  doses  produces  only  slight  and  temporary  depression  of  the 
I  mperature  of  febrile  persons;  and  consequently,  that  although  when 
Indicated,  it  will  act  to  some  extent  beneficially  in  virtue  of  its 
,'»>wer  to  cause  some  diminution  of  the  temperature,  yet  it  cannot 
I:  ing  the  temperature  of  febrile  persons  to  that  of  health.    The  ex- 
-iriments  of  Dr.  W.  Ogle,^  and  of  Tscheschichin,§  are  confirmatory  of 
I  e  preceding  results.    Dr.  Ogle  found  that  tea  caused  an  elevation  of 
I  /nperature.    Common  experience  leads  to  the  conclusion,  that  after  a 
I  ;a],  as  after  exercise,  there  is  greater  warmth  in  the  extremities ;  but 
I Davy's  observations  show  that,  in  his  own  person,  whilst  resident  in 
I  lgland,  there  was  usually  an  appreciable  depression  immediately  after 
finer,  though  in  Barbadoes  the  effect  of  a  moderate  meal  was  to  pro- 
I  ce  an  elevation.    In  both  cases,  however,  Dr.  D.  observed  that  the 
I  ^estion  of  wine  had  a  positively-depressing  influence  on  the  temperature 
the  body,  which  increased  with  the  quantity  taken ;  and  it  may  have 
|  an  the  constant  employment  of  wine  with  his  dinner,  which  was  the 
I  u  cause  of  the  depression  observed  in  England. 

I  v.  The  influence  of  external  temperature  is  sufficiently  apparent  in  the 

*  Brown-Sequard,  "  Archives  de  Physiologie,"  t.  i.  1868,  p.  479. 

t  "Proceed,  of  the  Roy.  Med.-Chir.  Soc,"  vol.  v.  1866,  p.  209. 

X  Op.  cit.,  p.  238.  §  Rcichort's  "  Archiv,"  1866,  p.  151. 
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observations  already  cited;  for  although  external  cold  may  act  in  a 
different  degree  on  different  individuals,  according  to  their  respective 
ages,  powers  of  resistance,  &c. ;  sometimes  when  its  action  is  brief 
causing  a  slight  increase  of  temperature  ;  yet  there  is  ample  proof  that 
on  the  whole  a  continued  exposure  to  it  reduces  the  temperature  of  the 
body  somewhat  below  its  ordinary  standard,  whilst  continued  exposure 
to  heat  occasions  a  slight  elevation  in  the  temperature  of  the  body.  The 
influence  of  cold  is,  of  course,  most  powerfully  exerted  when  the  body  is 
at  rest ;  and  under  such  circumstances  Dr.  Davy  found  the  temperature 
of  his  own  body  to  be  reduced,  on  an  average  of  four  observations,  to 
96-7°,  the  average  temperature  of  the  surrounding  air  having  been  37° 
On  comparing  the  bodily  temperature  of  different  individuals  working  in 
rooms  of  various  temperatures  in  the  same  factory,  Dr.  Davy  found  the 
tongue-thermometer  rise  to  100°  in  one  man,  and  to  100-5°  in  another 
who  had  been  working  for  some  hours  in  a  room  at  92° ;  whilst  it  was 
99°  in  a  young  woman  who  worked  in  a  room  at  73°,  and  only  97*5°  in 
another  who  worked  in  a  temperature  of  60°.    Dr.  Schuster*  found  the 
effects  of  baths  of  different  kinds,  as  hot- water  and  douche  baths,  was  to 
cause  an  elevation  of  temperature,  and  to  increase  the  rapidity  of  the 
pulse. — The  effects  of  seasonal  change  are  less  marked  in  Man,  than  they 
are  in  the  lower  animals,  which  are  more  exposed  to  extremes  of  tempera- 
ture ;  but  it  seems  principally  exerted  in  modifying  the  heat-producing 
power.  For  it  has  been  shown  by  Dr.  W.  F.  Edwards,  that  warm-blooded 
animals  are  more  speedily  killed  by  extreme  cold  in  summer  than  in 
winter ;  and  it  seems  probable,  therefore,  that  we  are  partly  to  attribute 
the  peculiar  chilling  influence  of  a  cold  day  in  summer,  and  the  oppres- 
siveness of  a  Avarm  day  in  winter,  to  the  seasonal  change  in  the  body 
itself ;  although  the  effect  is  doubtless  referrible  in  part  to  the  effect  of  | 
contrast  upon  our  own  feelings. 

424.  The  usual  Temperature  of  the  body  occasionally  undergoes  con- 
siderable alteration  in  disease ;  and  this  in  the  way  either  of  increase  or  | 
of  diminution.    Thus  in  maladies  which  involve  an  acceleration  of  pulse 
and  a  quickening  of  the  respiration,  the  temperature  is  generally  higher 
than  usual,  even  though  a  large  portion  of  the  lung  may  be  unfit  for  its ) 
function.    This  is  often  remarkably  seen  in  the  last  stages  of  phthisis,  I 
when  the  inspirations  are  extremely  rapid,  and  the  pulse  so  quick  as  I 
scarcely  to  admit  of  being  counted ;  the  skin,  in  such  cases,  often  becomes  J 
almost  painfidly  hot.    On  the  other  hand,  in  diseases  of  the  contrary! 
character,  such  as  '  morbus  coeruleus,'  asthma,  and  cholera,  the  tempera- 1 
ture  of  the  body  falls ;  a  reduction  to  78°  having  been  noticed  in  thel 
former  maladies,  and  to  67°  in  the  latter.    The  range  observed  by  M.I 
Andral  in  diseases  which  less  affected  the  calorifying  function,  was  fromj 
95°  to  107-6°;  and  by  M.  Roger  (loc.  cit.),  in  diseases  of  children,  frond; 
74-3  to  108-5.    Prof.  Dunglisonf  speaks  of  having  seen  the  thermometeri 
at  106°  in  scarlatina  and  typhus;  and  Dr.  Francis  Home+  found  it  to 
stand  at  104°  in  two  individuals  in  the  cold  stage  of  an  internntten 
whilst  it  afterwards  fell  to  101°,  and  subsequently  to  99°,  during  th 
sweating  stage.    Dr.  Edwards  mentions  a  case  of  tetanus,  in  which  t 

*  Virchow's  "  Archiv,"  xliii.  p.  60,  1868. 
t  "Human  Physiology,"  7th  edit.  vol.  ii.  p.  225. 
%  "  Medical  Facts  and  Experiments,"  London,  1759. 
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temperature  of  the  body  rose  to  1  lOf  °.  The  following  observations  have 
been  made  on  this  subject  by  M.  Donne"  :*  in  a  case  of  puerperal  fever, 
the  pulse  being  168,  and  the  respirations  48  per  minute,  the  temperature 
was  104°  ;  in  a  case  of  hypertrophy  of  the  heart,  the  pulse  being  150, 
and  the  respirations  34,  the  temperature  was  103°  ;  in  a  case  of  typhoid 
fever,  the  pulse  being  136,  and  the  respirations  50,  the  temperature  was 
104° ;  and  in  a  case  of  phthisis,  the  pulse  being  140,  and  the  respira- 
ions  62,  the  temperature  was  102° ;  on  the  other  hand,  in  a  case  of 
aundice,  in  which  the  pulse  was  but  52,  the  temperature  was  only 
M'r-iO0  ;  but  the  same  temperature  was  observed  in  a  case  of  diabetes,  in 
vhich  the  pulse  was  84.   These  limited  observations,  whilst  they  clearly 
ndicate  that  a  general  relation  exists  between  the  temperature  of  the 
)ody  and  the  rapidity  of  the  piilse,  also  show  that  this  relation  is  by  no 
deans  invariable,  but  that  it  is  liable  to  be  affected  by  several  causes,  of 
vhich  our  knowledge  is  as  yet  very  slight.   Persistent  high  temperature 
f  the  body  (5 — 10°)  in  febrile  affections  usually  indicates  a  fatal  issue.  It 
3  not  a  little  remarkable  that  the  temperature  of  the  body  should  some- 
inies  rise  considerably  after  death ;  and  this  not  merely  in  such  cases  as 
'holera,  in  which  it  has  undergone  an  extreme  depression  during  the 
itter  part  of  life;  but  even  in  the  case  of  febrile  disorders,  in  which  the 
miperature  during  life  has  been  above  the  usual  standard.  This  has  been 
scertainedby  Dr.  Bennet  Dowler,"j"  of  New  Orleans,  on  the  bodies  of  those 
ellow-fever  subjects  which  have  already  been  referred-to  as  exhibiting  a 
jmarkable  degree  of  molecular  life  after  somatic  death  (§  262).    In  one 
ise,  for  example,  the  highest  temperature  during  life  was  in  the  axilla, 
04° ;  ten  minutes  after  death,  it  had  risen  to  109°  in  the  axilla  ;  fifteen 
mutes  afterwards,  it  was  113°  in  an  incision  in  the  thigh;  in  twenty 
mutes,  the  liver  gave  112°;  in  one  hour  and  forty  minutes,  the  heart 
[ive  109°,  and  the  thigh  in  the  former  incision  109° ;  and  in  three  hours 
t  ier  the  removal  of  all  the  viscera,  a  new  incision  in  the  thigh  gave 
!.0°.    It  is  curious  that  the  maximum  heat  observed  after  death  should 
ive  been  in  the  thigh,  and  the  minimum  in  the  brain, 
i  425.  Although  there  appears  to  be,  for  all  kinds  of  animals,  a  distinct 
;  nit  to  the  variations  of  bodily  temperature,  under  which  their  vital 
|  •  erations  can  be  carried  on,  this  limitation  does  not  prevent  certain 
ecies  from  existing  in  the  midst  of  great  diversities  of  external  condi- 
I:  ms ;  since  they  have  within  themselves  the  power  of  compensating  for 
I  Jse,  in  a  very  extraordinary  degree.  This  power  seems  to  exist  in  Man 
I  a  higher  amount  than  in  most  other  animals ;  since  he  can  not  only 
I  pport,  but  enjoy  life,  under  extremes  of  which  either  would  be  fatal  to 
my. .  In  many  parts  of  the  tropical  zone,  the  thermometer  rises  every 
K  y,  through  a  large  portion  of  the  year,  to  110°;  and  in  British  India  it 
|  ^aid  to  be  seen  occasionally  at  130°.  On  the  other  hand,  the  degree  of 
|  d  frequently  sustained  by  Arctic  voyagers,  and  quite  endurable  under 
f  >per  precautions,  appears  much  more  astonishing  ;  by  Captain  Parry 
'  thermometer  has  been  seen  as  low  as -55°,  or  87°  below  the  freezing 
I  nt ;  by  Captain  Franklin  at  -58°,  or  90°  below  the  freezing  point ; 

I  G<*n.  de  MeU,"  October,  1835. 

.Western  Journal  of  Medicine  and  Surgery,"  June  and  Oct.,  1844;  cited  in 
hiladelphia  Medical  Examiner,"  June,  1845,  and  in  Prof.  Dunglison's  "  Human 
•siology,"  7th  edit.  vol.  ii.  p.  718. 
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and  by  Captain  Back  at  -70°,  or  102°  below  the  freezing  point.  In 
both,  cases,  the  effect  of  the  atmospheric  temperature  on  the  body  is 
greatly  influenced  by  the  condition  of  the  air  as  to  motion  or  rest :  thus 
every  one  has  heard  of  the  almost  unbearable  oppressiveness  of  the 
1  sirocco'  or  hot  wind  of  Sicily  and  Italy,  the  actual  temperature  of  which 
is  not  higher  than  has  often  been  experienced  without  any  great  discom- 
fort when  the  air  is  calm ;  and,  on  the  other  side,  it  may  be  mentioned 
that,  in  the  experience  of  many  Arctic  voyagers,  a  temperature  of  -50° 
may  be  sustained,  when  the  air  is  perfectly  still,  with  less  inconvenience 
than  is  caused  by  air  in  motion  at  a  temperature  fifty  degrees  higher.* 
This  is  quite  conformable  to  what  might  be  anticipated  on  physical 
principles.  Pouchetf  has  endeavoured  to  show  that,  when  small  animals 
are  exposed  to  cold,  death  results  from  changes  occurring  in  the 
blood  corpuscles ;  but  WaltherJ  has  with  more  probability  referred 
the  fatal  issue  to  anaemia  of  the  nervous  system.  Both  Dr.  Davy§  and 
Pouchet  found  that  completely  congelated  animals  were  incapable  of 
being  restored  to  life. 

426.  Again,  the  degree  of  moisture  contained  in  a  heated  atmosphere, 
makes  a  great  difference  in  the  degree  of  elevation  of  temperature  which 
may  be  sustained  without  inconvenience.    Many  instances  are  on  record, 
of  a  heat  of  from  250°  to  280°  being  endured  in  dry  air  for  a  consider- 
able length  of  time,  even  by  persons  unaccustomed  to  a  particularly  high 
temperature ;  and  persons  whose  occupations  are  such  as  to  require  it, 
can  sustain  a  much  higher  degree  of  heat,  though  not  perhaps  for  any 
long  period.    The  workmen  of  the  late  Sir  F.  Chantrey  were  accus- 
tomed to  enter  a  furnace  in  which  his  moulds  were  dried,  whilst  the  j 
floor  was  red-hot,  and  a  thermometer  in  the  air  stood  at  350°;  and 
Chabert  the  "  Fire-king"  was  in  the  habit  of  entering  an  oven  whose 
temperature  was  from  400°  to  600°.||    It  is  possible  that  these  featsl 
might  be  easily  matched  by  many  workmen  who  are  habitually  exposed! 
to  high  temperatures ;  such  as  those  employed  in  Iron-foundries,  Glass-j 
houses,  and  Gas-works.    In  all  these  instances,  the  dryness  of  the  airl 
facilitates  the  rapid  vaporization  of  the  fluid,  whose  secretion  by  tha 

*  The  Author  has  been  informed  by  Sir  John  Richardson,  that  in  Lis  last  Arctid 
Expedition,  whilst  at  winter-quarters,  he  was  accustomed  to  go  from  his  sitting-roon| 
to  the  magnetic  observatory  at  a  short  distance  (about  an  ordinary  street's  breadth)! 
without  feeling  it  necessary  even  to  put  on  a  great-coat ;  although  the  temperature  o| 
the  former  was  about  50°,  and  that  of  the  air  through  which  he  had  to  pass  to  tha 
latter  was  —50°,  the  difference  being  100°.  This  immunity  from  chilling  influence  wal 
chiefly  attributable  to  the  dryness  and  stillness  of  the  atmosphere ;  but  it  is  worth] 
of  note  that  Sir  J.  R.  and  the  whole  of  his  party  on  this  expedition,  abstained  e£t[re]l* 
from  alcoholic  liquors  ;  and  the  Author  has  received  bis  personal  assurance,  that  nil 
experience  on  this  occasion  fully  bore-out  bis  previous  conviction,  that  continue 
severe  cold  is  much  better  borne  without  recourse  to  these  stimulants,  than  under 
employment  of  them.  . 

f  "  Journal  de  l'Anatomie,"  Jan.,  1866.  J  "  Centralblatt,"  April,  18ob. 

§  "  Proceed,  of  the  Roy.  Soc,"  1866,  p.  250.  .        f  • 

||  The  wonderful  feats  performed  by  many  individuals  from  time  to  time— ot  dipp  \ 
tbehand  into  melted  lead,  laying  bold  of  a  red-hot  iron,  &c— have  been  recenij 
shown  by  M.  de  Boutigny  to  be  explicable  upon  very  simple  principles,    -tor  l 
such  cases  a  thin  film  of  aqueous  fluid  in  the  '  spheroidal  state '  intervenes  between  ^ 
skin  and  the  heated  surface  ;  and  a  hand  which  is  naturally  damp,  or  wine ;n  U«  . 
slightly  moistened,  may  be  safely  passed  into  the  stream  of  molten  iron  as  i t : .tj 
the  furnace  ;  as  was  demonstrated  by  M.  de  Boutigny  at  the  meeting  ot  tnc  a 
Association  at  Ipswich  in  1851. 
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lutaneous  glandule  is  promoted  by  heat  applied  to  the  surface  ;  and 
ie  large  amount  of  caloric  which  is  consumed  in  this  change,  is  for  the 
lost  part  withdrawn  from  the  body,  the  temperature  of  which  is  thus 
ept-down. 

427.  Exposure  to  a  very  elevated  temperature,  however,  if  continued 
jr  a  sufficient  length  of  time,  does  produce  a  certain  elevation  of  that  of 
lie  body  ;  as  might  be  expected  from  the  statements  already  made,  in 
egard  to  the  variation  in  the  heat  of  the  body  with  changes  in  atino- 
pherie  temperature  (§  423).  In  the  experiments  of  MM.  Berger  and 
)elaroche,*  it  was  found  that,  after  the  body  had  been  exposed  to  air  of 
20°  during  17  minutes,  a  thermometer  placed  in  the  mouth  rose  nearly 

0  above  the  ordinary  temperature ;  it  may  be  remarked,  however,  that 
.s  the  body  was  immersed  in  a  close  box,  from  which  the  head  projected 
in  order  to  avoid  the  direct  influence  of  the  heated  air  on  the  tempera- 
ure  of  the  mouth),  the  air  had  probably  become  charged  with  the  vapour 
xhaled  from  the  surface,  and  had  therefore  somewhat  of  the  effects  of  a 
aoist  atmosphere.    At  any  rate,  the  temperature  of  the  body  does  not 
ppear  to  rise,  under  any  circumstances,  to  a  degree  very  much  greater 
ban  this.  In  one  of  the  experiments  of  Drs.  Fordyce  and  Blagden,"j"  the 
emperature  of  a  Dog,  that  had  been  shut  up  for  half-an-hour  in  a  chamber 
f  which  the  temperature  was  between  220°  and  236°,  was  found  to  have 
isen  from  101°  to  about  108°.  MM.  Delaroche  and  Berger  tried  several 
xperiments  on  different  species  of  animals,  in  order  to  ascertain  the 
ighest  temperature  to  which  the  body  could  be  raised  without  the  de- 
traction of  life,  by  inclosing  them  in  air  heated  from  122°  to  201°, 
ntil  they  died  :  the  result  was  very  uniform,  the  temperature  of  the 
ody  at  the  end  of  the  experiment  only  varying  in  the  different  species 
etween  11°  and  13°  above  their  natural  standard:  whence  it  may  be 
lferred,  that  an  elevation  to  this  degree  must  be  fatal. J    This  elevation 
ould  be  attained  comparatively  soon  in  a  moist  atmosphere  ;  partly  be- 
tu.se  of  the  greater  conducting  power  of  the  medium,  but  principally 

1  account  of  the  check  which  is  put  upon  the  vaporization  of  the  fluid 
creted  by  the  skin.    Even  here,  however,  custom  and  acquired  consti- 

j  ition  have  a  very  striking  influence  ;  for  whilst  the  inhabitants  of  this 
mntry  are  unable  to  sustain,  during  more  than  10  or  12  minutes, 
Immersion  in  a  vapour-bath  of  the  temperature  of  110°  or  120°,  the 
k  inmsh  peasantry  remain  for  half  an  hour  or  more  in  a  vapour -bath 
I  hose  temperature  finally  rises  even  to  158°  or  167°. — Accurate  experi- 
I  ents  are  yet  wanting,  to  determine  the  influence  of  Immidity  on  the 
|  Fects  of  cold  air.  From  experiments  on  young  Birds  incapable  of 
I  aintaining  their  own  temperature,  of  which  some  were  placed  in  cold 
I  y  air,  and  others  in  cold  air  charged  with  moisture,  it  was  found 
1 '  Dr.  Edwards  that  the  loss  of  heat  was  in  both  instances  the  same  ; 
1  e  effect  of  the  evaporation  from  the  surface  in  the  former  case,  being 
I  unterbalanced  in  the  latter  by  the  depressing  influence  of  the  cold 
"ExPmences  sur  les  Effets  qu'une  forte  Chaleur  procluitsur  rEconomie  ;"  Paris, 
I  +  <:<  tom  "  Journal  (le  Physique,"  tomes  lxiii.,  lxxi.,  et  lxxvii. 
I  T  1/h"080phical  Transactions,"  1775. 

I  !  d   fSard  ("Coi.nPtes.  Rendus  de  la  Socie'te'  de  Biologie,"  1859,  p.  51)  attributes 
I  -  aoath  of  the  animals  in  these  and  similar  experiments  to  a  condition  analogous  to 
I  i.°'imort18  of  the  heart  being  established.    He  found  the  auricles  filled  with  blot.d, 
uie  ventricles  firmly  contracted  and  empty. 
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moisture.  This  influence,  the  existence  of  which  is  a  matter  of  ordinary 
experience,  is  probably  exerted  directly  upon  the  Nervous  system. 

428.  Having  thus  considered  the  genera]  facts  which  indicate  the 
faculty  possessed  by  the  living  system,  in  Man  and  the  higher  Animals, 
of  keeping-up  its  temperature  to  an  elevated  standard,  and  of  preventing 
it  from  being  raised  much  beyond  it  by  any  degree  of  external  heat,  we 
have  next  to  inquire  to  what  this  faculty  is  due.* — It  may  be  stated  as 
a  general  fact,  that  every  change  in  the  condition  of  the  organic  com- 
ponents of  the  body,  in  which  their  elements  enter  into  new  combina- 
tions with  Oxygen,  must  be  a  source  of  the  development  of  Heat.  And 
as  we  have  seen  that  a  considerable  part  of  the  carbonic  acid  and  water 
which  are  exhaled  in  Respiration,  is  formed  within  the  body  by  the 
metamorphosis  of  its  own  tissues,  and  that  this  metamorphosis  is  pro- 
moted by  the  active  exercise  of  the  nervo-muscular  apparatus,  it  follows 
that  in  animals  whose  habits  of  life  are  peculiarly  active,  whilst  the 
temperature  of  the  surrounding  medium  is  sufficiently  high  to  prevent 
its  exerting  any  considerable  cooling  influence  over  them,  the  combustive 
process  thus  maintained  may  be  adequate  for  the  maintenance  of  the 
temperature  of  the  body  at  its  normal  standard.    This  seems  to  be  the 
case  with  the  great  Carnivorous  quadrupeds  of  warm  climates,  and  with 
certain  races  of  Men  who  lead  a  life  of  incessant  activity  like  theirs. 
But  whenever  the  cooling  influence  of  the  atmosphere  is  greater,  or  the 
retrograde  metamorphosis  of  tissue  takes  place  with  less  activity,  some 
further  supply  of  heat-producing  material  is  required  ;  and  this  is  derived 
either  directly  from  the  food,  or  from  a  store  previously  laid-up  in  the 
body.    Although  the  albuminous  and  gelatinous  components  of  the 
food  may  be  made,  by  decomposition  within  the  body,  to  yield  saccharine 
and  oleaginous  compounds  which  serve  as  an  immediate  pabulum  to  the 
combustive  process  (§§  60,  343),  yet  this  metamorphosis  involves  a  great 
waste  of  valuable  nutritive  material ;  and  the  needed  supply  is  much  more 
advantageously  derived  at  once  from  those  farinaceous  or  oleaginous 
substances,  which  are  furnished  in  abundance  by  the  Vegetable  kingdom, 
the  latter  also  by  the  Animal.    No  reasonable  doubt  can  any  longer 
be  entertained,  that  the  production  of  Heat  by  the  combustive  process  is 
the  purpose  to  which  a  large  proportion  of  these  substances  is  destined  i 
to  be  subservient  in  the  bodies  of  Herbivorous  animals  and  of  Man  ;  and  f 
the  results  of  experience  in  regard  to  their  relative  heat-producing  powers,  l 
are  in  precise  accordance  with  the  indications  afforded  by  their  chemical 
composition.  .  j 

429.  Our  knowledge  of  the  dependence  of  all  the  vital  processes  in 
warm-blooded  animals  upon  the  Heat  of  their  bodies,  and  of  the  depen- 
dence of  their  calorifying  power  upon  the  due  supply  of  material  for  the 
combustive  process,  has  received  some  remarkable  additions  from  the  j 
experiments  of  M.  Chossat  upon  Starvation.f    He  found  that  Birds,  | 

*  It  was  affirmed  by  Dr.  Granville  ("Phil.  Trans.,"  1825)  that  the  temperature  of 
the  uterus  during  parturition  sometimes  rises  as  high  as  120°.  In  some  observation  i 
made  at  the  Philadelphia  Hospital,  however,  at  the  desire  of  Prof.  Dunghson,  the  tem-i 
perature  of  the  uterus  was  not  found  to  be  much  above  that  of  the  vagina ;  the  *°™L,  J 
being,  in  three  cases,  100°,  102°,  and  106°,  whilst  the  latter  was  100°,  100°,  and  lw  •  I 
(Prof.  Dunglison's  "  Human  Physiology,"  7th  edit.  vol.  ii.  p.  226.)  .    .  ..  .  j 

f  "  Kecherches  Experimental  sur  l'lnanition,"  Paris,  1843  ;  an  analysis  oi  i" 
work  will  be  found  in  the  "  Brit,  and  For.  Med.  Kev.,"  April,  1844. 
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when  totally  deprived  of  food  and  drink,  suffered  a  progressive,  though 
slight,  daily  diminution  of  temperature.    This  diminution  was  not  so 
much  shown  by  a  fall  of  their  maximum  heat,  as  by  an  increase  in  the 
diurnal  variation,  which  he  ascertained  to  occur  even  in  the  normal  state 
(§  423,  ii.).  The  average  variation  in  the  inanitiated  state,  was  about  6° 
(instead  of  1^°)  gradually  increasing  as  the  animal  became  weaker ; 
moreover,  the  gradual  rise  of  temperature,  which  should  have  taken  place 
between  midnight  and  noon,  was  retarded ;  whilst  the  fall  subsequently 
t,o  noon  commenced  much  earlier  than  in  the  healthy  state  ;  so  that  the 
werage  of  the  whole  day  was  lowered  by  about  4^°,  between  the  first  and 
:;he  penultimate  days  of  this  condition.    On  the  last  day,  the  production 
)f  heat  diminished  very  rapidly,  and  the  thermometer  fell  from  hour  to 
iour  until  death  supervened  ;  the  whole  loss  on  that  day  being  about  25° 
F;;hr.,  making  the  total  depression  about  29^°.   This  depression  appears, 
rom  the  considerations  to  be  presently  stated,  to  be  the  immediate  cause 
rf  Death. — On  examining  the  amount  of  loss  sustained  by  the  different 
organs  of  the  body,  it  was  found  that  93  per  cent,  of  the  Fat  had  dis- 
;  ippeared ;  being  all,  in  fact,  which  could  be  removed ;  whilst  the  nervous 
:entres  scarcely  exhibited  any  diminution  in  weight  (§  75).    From  the 
constant  coincidence  between  the  entire  consumption  of  the  fat,  and  the 
\  lepression  of  temperature, — joined  to  the  fact  that  the  duration  of  life 
j  mder  the  inanitiating  process  evidently  varied  (other  things  being  equal) 
vith  the  amount  of  fat  previously  accumulated  in  the  body, — the  inference 
I  eems  irresistible,  that  the  calorifying  process  depended  chiefly  on  the 
aaterials  supplied  by  this  substance.    Whenever,  therefore,  the  store  of 
!  ombustible  matter  in  the  system  was  exhausted,  the  inanitiated  animals 
J  lied,  by  the  cooling  of  their  bodies  consequent  upon  the  loss  of  calorifying 
lower. 

i  430.  That  this  is  the  real  explanation  of  the  fact,  was  shown  by  the 
b  esults  of  a  series  of  very  remarkable  experiments  performed  by  M. 
t;  Ihossat,  with  the  purpose  of  testing  the  correctness  of  this  view.  When 

lanitiated  animals  whose  death  seemed  impending  (death  having  actually 

iken  place  in  several  instances,  whilst  the  preliminary  processes  of 
I  weighing,  the  application  of  the  thermometer,  &c,  were  being  performed,) 
were  subjected  to  artificial  heat,  they  were  almost  uniformly  restored 

"om  a  state  of  insensibility  and  want  of  muscular  power  to  a  condition 

f  comparative  activity  ;  their  temperature  rose,  their  muscular  power 
|  ^turned,  they  flew  about  the  room,  and  took  food  when  it  was  presented 

3  them ;  and  if  the  artificial  assistance  was  sufficiently  prolonged,  and 
I  ley  were  not  again  subjected  to  the  starving  process,  most  of  them  re- 

overed.  If  they  were  left  to  themselves  too  early,  however,  the  diges- 
jj  ive  process  was  not  performed,  and  they  ultimately  died.  Up  to  the 
i  me  when  they  began  to  take  food,  their  weight  continued  to  diminish  ; 

ie  secretions  being  renewed,  under  the  influence  of  artificial  heat,  some- 
1 tmes  to  a  considerable  amount.  It  was  not  until  digestion  had  actually 
I  iken  place  (which,  owing  to  the  weakened  functional  power,  was  com- 
j  lonly  many  hours  subsequently  to  the  ingestion  of  the  food),  that  the 
I  mmal  regained  any  power  of  generating  heat;  so  that,  if  the  external 
|  Jurce  of  heat  was  withdrawn,  the  body  at  once  cooled :  and  it  was  not 
|  ntU  the  quantity  of  food  actually  digested  was  sufficient  to  support  the 
I  rants  of  the  body,  that  its  independent  power  of  calorification  returned. 
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It  is  to  be  remembered  that,  in  such  cases,  the  resources  of  the  body  are 
on  the  point  of  being  completely  exhausted,  when  the  attempt  at  re-ani- 
mation is  made ;  consequently  it  has  nothing  whatever  to  fall  back  upon ; 
and  the  leaving  it  to  itself  at  any  time  until  fresh  resources  have  been 
provided  for  it,  is  consequently  as  certain  a  cause  of  death,  as  it  would 
have  been  in  the  first  instance. 

431.  It  can  scarcely  be  questioned,  from  the  similarity  of  the  pheno- 
mena, that  Inanition,  with  its  consequent  depression  of  temperature,  is 
the  immediate  cause  of  death  in  various  Diseases  of  Exhaustion  :  and  it 
seems  probable  that  there  are  many  cases  in  which  the  depressing  cause 
is  of  a  temporary  nature,  and  in  which  a  judicious  and  timely  applica- 
tion of  artificial  heat  might  prolong  life  until  it  has  passed-oif,  just  as 
artificial  respiration  is  serviceable  in  cases  of  narcotic  poisoning  (§  220). 
It  is  especially,  perhaps,  in  those  forms  of  Fever,  in  which  no  decided 
lesion  can  be  discovered  after  death,  that  this  view  has  the  strongest 
claim  to  reception ;  and  the  beneficial  result  of  the  administration  of 
Alcohol  in  such  conditions,  and  the  large  amount  in  which  it  may  be 
given  with  impunity,  may  probably  be  accounted  for  on  this  principle. 
That  it  acts  as  a  specific  stimulus  to  the  Nervous  system,  cannot  be 
doubted  from  its  effects  on  the  healthy  body ;  but  that  it  serves  as  a 
fuel  to  keep  up  the  calorifying  process,  appears  equally  certain.*  Its 
great  efficacy  in  such  cases  seems  to  depend  upon  the  readiness  •with 
which  it  will  be  taken  into  the  circulation,  by  a  simple  act  of  endosmotic 
imbibition,  when  the  special  Absorbent  process,  dependent  upon  the 
peculiar  powers  of  the  cells  of  the  villi  (§  129),  is  in  abeyance.  There 
is  no  other  combustible  fluid,  whose  miscibility  and  whose  density,  rela- 
tively to  that  of  the  Blood,  will  permit  of  its  rapid  absorption  by  the 
simple  physical  process  adverted-to.f 

432.  That  the  oxidation  of  certain  components  of  the  food  or  of  the 
tissues  is  the  fundamental  source  of  Animal  Heat,  is  further  indicated 
by  the  close  conformity  which  we  everywhere  find,  between  the  activity 
of  the  Respiratory  process  and  the  amount  of  Heat  which  is  generated; 
and  this  not  merely  when  we  compare  different  tribes  of  animals  with 
each  other,  but  also  when  we  compare  the  amount  of  oxygen  bbsorbe 
and  of  carbonic  acid  exhaled  by  the  same  individuals  under  differen 
degrees  of  external  temperature  (§  308,  I.).    For  we  find  that  the  system 
possesses  within  itself  a  regulating  power,  by  which  the  combustive  pro- 
cess is  augmented  in  activity  when  the  cooling  influence  of  the  surround 
ing  medium  is  considerable,  so  that  this  influence  is  resisted ;  whilst  th 
internal  fire  (so  to  speak)  is  slackened,  whenever  the  temperature  of  th 
outer  air  rises  so  much  as  to  render  the  same  generation  of  heat  n 
longer  requisite.    The  appetite  for  food,  and  especially  for  those  par 
ticular  forms  of  it  which  best  afford  the  combustive  pabulum,  varies  " 
the  same  degree  ;  and  thus,  when  supplied  with  appropriate  nutrimen 
Man  is  able  to  brave  the  severest  cold,  without  suffering  any  considerabl 
depression  in  his  bodily  temperature. — It  would  seem  that  the  Cutanea 
Respiration  (§  309),  small  as  its  amount  is,  promotes  those  molecul 

*  See  the  articles  written  by  M.  Baudot  in  "L'Union  Medicale"  for  Nov.  1863. 

t  The  Author  has  stated  the  very  striking  results  of  observations  which  he 
the  opportunity  of  making  upon  this  point,  in  his  Essay  on  the  "Physiology 
perance  and  Total  Abstinence,"  §  213. 


EVOLUTION  OF  HEAT. 


489 


^lian^es  on  which  the  maintenance  of  Animal  Heat  depends;  for  it  was 
mmd  by  MM.  Becquerel  and  Breschet,*  that  when  the  hair  of  Babbits 
vas  shaved-off,  and  a  composition  of  glue,  suet,  and  resin  (forming  a 
■oating  impermeable  to  the  air)  was  applied  to  the  whole  surface,  the 
;emperature  rapidly  fell,  notwithstanding  the  obstacle  thus  offered  to  the 
evaporation  of  the  sweat,  whereby,  it  might  be  supposed,  the  temperature 
f  the  body  would  be  considerably  elevated.    In  the  first  rabbit,  which 
iad  a  temperature  of  100°  before  being  shaved  and  plastered,  it  had 
\llen  to  89 £°  by  the  time  the  material  spread  over  him  was  dry.  An 
Lour  afterwards,  the  thermometer  placed  in  the  same  parts  (the  muscles  of 
he  thigh  and  chest)  had  descended  to  76°.    In  another  rabbit,  prepared 
i  rith  more  care,  by  the  time  that  the  plaster  was  dry,  the  temperature  of 
he  body  was  not  more  than  5^°  above  that  of  the  surrounding  medium, 
[  'Inch  was  at  that  time  69|° ;  and  in  an  hour  after  this,  the  animal  died. 
I  -These  experiments  place  in  a  very  striking  point  of  view  the  impor- 
[  ince  of  the  cutaneous  surface  as  a  respiratory  organ,  even  in  the  higher 
[  annals;  and  they  enable  us  to  understand  how,  when  the  aerating 
l  ower  of  the  Lungs  is  nearly  destroyed  by  disease,  the  heat  of  the  body 
I  kept-up  to  its  natural  standard  by  the  action  of  the  skin.    A  valuable 
j  lerapeutic  indication,  also,  is  derivable  from  the  knowledge  which  we 
l  -ius  gain,  of  the  importance  of  the  cutaneous  respiration ;  for  it  leads  us 
|  i  perceive  the  desirableness  of  keeping  the  skin  moist,  in  those  febrile 
|  seases  in  which  there  is  great  heat  and  dryness  of  the  surface,  since 
A  :ration  cannot  properly  take  place  through  a  dry  membrane.    Of  the 
r:  lief  afforded  by  cold  or  tepid  sponging  in  such  cases,  experience  has 
liven  ample  evidence. 

,  433.  It  has  been  held  that  the  Chemical  theory  of  Calorification  is 
1   sufficient  to  account  for  the  total  amount  of  Heat  generated  by  a 
I   irm-blooded  animal  in  a  given  time ;  this  assertion  being  founded 
A  on  the  experimental  results  obtained  by  M.  Dulong.  MM.  Favre  and 
A  bermannf  have  shown,  however,  that  the  original  estimates  require 
:j  erection  for  the  true  calorific  equivalents  of  carbon  and  hydrogen; 
jr  1  that  this  correction  having  been  made,  the  heat  produced  by  the 
^|  nbustion  of  the  Carbon  which  is  contained  in  the  carbonic  acid  ex- 
I  ed,  and  by  the  combustion  of  such  a  proportion  of  the  Hydrogen 
ii  itained  in  the  exhaled  water  as  may  be  fairly  considered  to  have  un- 
-1  "gone  oxygenation  within  the  system  (§  313),  proves  to  be  adequate 
>1  xraipensate  for  that  which  would  be  dissipated  by  the  evaporation  of 
I  the  water  transpired  from  the  skin  and  lungs,  and  also  to  maintain 
I  temperature  of  the  body  itself  in  an  atmosphere  of  ordinary  coolness. 
I  d  to  the  combustion-heat  of  carbon  and  hydrogen,  we  should  also  add 
I  t  of  those  relatively-minute  quantities  of  Phosphorus  and  Sulphur, 
|  ch  also  undergo  oxidation  within  the  system  (§412),  whereby  a  small 
|  itional  amount  of  heat  must  be  generated. — Through  whatever 
I  srsity  of  combinations  or  successive  stages  of  oxidation  these  elements 
I  actively  pass,  in  their  progress  to  complete  or  final  oxidation,  it  may 
regarded  as  an  indisputable  fact,  that  they  give-out  precisely  the  same 

i  '  JomPte8  Rendus,"  October,  1841.  These  experiments  have  been  repeated  and 
I  ^ea.7.Magen<3ie  ("Gazette  Medicale,"  Dec.  6,  1843.) 

re  the?.r  Memoirs  'Des  Chaleurs  de  Combustion,'  in  "Comptes  Rendus," 
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amount  of  heat  in  the  whole,  as  if  they  had  undergone  the  most  rapid  com- 
bustion to  the  same  degree  of  oxidation  in  pure  oxygen  ;  and  thus  almost 
every  molecular  change  in  the  body,  but  pre-eminently  those  which  are 
concerned  in  the  disintegration  of  its  textures  and  in  the  elimination  of 
their  products  by  Eespiration,  participate  in  the  function  of  Calorifica- 
tion.— The  experiments  of  Ranke,*  made  upon  himself,  furnish  perhaps 
the  best  data  on  which  the  absolute  amount  of  heat  developed  in  the 
body  can  be  calculated ;  and  they  are  by  so  much  the  more  to  he  de- 
pended upon,  as  the  results  agree  well  with  the  determinations  of 
Frankland  on  the  amount  of  heat  developed  by  various  kinds  of  aliment 
during  the  act  of  combustion.    It  may  be  remarked  that  the  age  of  I 
Ranke  was  twenty-four,  his  height  about  six  feet,  and  his  weight  154  lbs.  j 
The  first  experiment  was  made  to  determine  the  amount  of  heat  de-l 
veloped  on  mixed  food.    The  ingesta  and  the  egesta  were  equal  inj 
amount,  the  weight  of  the  body  remaining  the  same.    The  numbers  re-| 
present  grammes : — 

Ingesta. 

Grammes.  N.  0.  H.  0. 

250  Meat  8  5    ...  31-80  ...    4-33  ...  12-88 

400  Bread   52    ...  97"44  ...  13-81  ...  89-32 

70  Starch   .     0      ...  26'05  ...    4'69  ...  2894 

70  Albumen  =11-2  per  cent,  dry  .    .    .     1-52...    5*99  ...    0-78...  246 
100  Fat   0      ...  62-94  ...    9-46  ...   8  60 

Total   15-22  ...224-22  ...  33  07  .  142-20 

EGESTA. 

31-3    Urea  '.    14*60  ...  6-26  ...  2-10  ...  8-35 

0-73  Uric  Acid  0"24  ...  0  25  ...  0-02  ...  0-21 

22-52  Fajces                                            1-12  ...  10-58  ...  1-46  ...  6-77 

Total   1596  ...  17-09  ...    358  ...  1533 

Residue  to  be  accounted  for  by  the  Respi- )   q  207        29-52f  126'87 

ration  \ 

 ■  ' 

Directly  determined. 

126'87  grammes  of  oxygen  require  15-86  grammes  of  hydrogen  to  for 
water,  which  are  to  be  deducted  from  the  above  residue.  The 
remain,  therefore,  to  be  oxidized — 

207      grammes  of  C,  which  yield  ...  1673  calories. 

13-66        „        H.        „  ...  470  „ 

In  24  hours  there  were  thus  produced  on  mixed  diet  .    .    2144  „ 
Exp.  II.— Production  of  heat  on  the  first  day  of  total  abstinence  fro 
food  (commencing  23  hours  after  the  last  meal),  the  ingesta  (i.e.,  co 
sumption  of  the  body  itself)  calculated  from  the  egesta: — 

Ingesta.  0 

Grammes.                                                         N.  C            H.  ; 

54-15  Albumen                                      8-62  ...  29-86  ...    3  53  .-• 

195-94  Fat  -    ...  15479  ...  22-62    ...  1 

Total   8-62  ...  184-65  ...  26-15   ...  3 


*  "  Grundziige  der  Physiologie,"  1868,  p.  474.  , 
f  There  is  a  slight  error  here  which  cannot  now  be  rectified ;  tne  acm»i 
Bhould  be  29-49. 
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Egesta.  n  c  h  0 

18-3    Urea  8-54  ...     3 '66  ...    1220  ...  4-88 

0  24  Uric  Acid  0*08  ...     0  09...    0-006...    0  07 

Total  8*62  ...      3*75  ...   1-226  ...  595 

There  remain  for  respiration  —    ...  180  9    ...  24*94    ...  24*43 

Directly  determined. 

he  24-43  of  oxygen  require  to  form  water  3-05  grammes  of  hydrogen, 
n  deducting  these,  there  remain  for  the  development  of  heat— 

180-9  grammes  of  C,  which  yield  ...  1462  calories. 

21-89        „       H.        „  ...  754  „ 

.  And  thus  there  were  produced  in  the  first  day  of  hunger .     2217  ,, 

cp.  III. — Production  of  heat  on  meat  diet  (the  deposit  or  new  production 
muscle  and  the  using- up  of  body  fat  calculated  from  the  excretions) — 

Ingesta. 


N.  C.  H.  O. 

:32     Grammes  of  flesh,  of  which  only)     44.19  4  5 

1300  grammes  were  used  up    .  ) 
70   Grammes  of  fat  eaten 


.14   Grammes  of  fat  of  the  body  J-14£'}4     —    ...  101-28  ...  16-62  ...  15-00 


consumed  in  addition 


Total  .    .                              44-19  ...  264-04  ...  3911  ...  81-95 

Egesta. 

86  Grammes  Urea  40"28  ...  17*26  ...  5"73  ...  22-94 

•95  Grammes  Uric  Acid  0"65  ...  0-70  ...  0  5    ...  0-05 

99  Grammes  Fseces                                 3  26  ...  14*88  ...  6*00  ...  28  00 

Total   44-19  ...    32*84  ...  11*78  ...  51*44 

here  remain  for  respiration   —         231*2       27-33  30'46 

3  30*46  grammes  of  oxygen  require  for  the  formation  of  water  3*81 
inmes  of  hydrogen.  If  this  be  subtracted  from  the  remaining  hydro- 
there  remain  still  to  be  burnt — 

231-2  grammes  of  C,  which  yield  in  burning       ...       1869  calories. 
23'52        „        H         „  „  ...        810  „ 

;  bus  in  24  hours,  with  full  meat  diet,  there  are  produced   .    2680  „ 

I  TV- — A  fourth  experiment  on  non-nitrogenous  diet,  fat,  starch,  and 
u,  gave  a  total  daily  quantity  of  1950  calories.    The  average  of  all 

!  e  experiments  gave  the  number  of  calories  produced  per  diem  at  2200, 
ah  is  a  quantity  sufficient  to  raise  44  pounds  of  water  from  the 
zing  to  the  boiling  point.  Helmholtz  estimated  the  amount  probably 
correctly  at  2700  *    The  mode  in  which  the  heat  produced  is  ap- 

1 1,  has  been  estimated  as  follows — 

f  ie  elevation  to  the  temperature  of  the  body  of  the  food  ingested  .     2  6  per  cent. 

I  ie  warming  of  the  air  breathed  5*2  „ 

[  ie  vaponzation  of  the  water  discharged  by  the  lungs  ....  14*7  „ 
1  ie  radiation  from  the  body  and  evaporation  from  the  skin .    .    .   77*5  „ 

rather  2,700,000,  but  he  considered  a  calory  to  be  the  quantity  of  heat  required 
1  grammo  of  water  1°  C,  instead  of  1  kilogramme,  which  is  1000  grammes. 


Or 
se 
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Beclard*  estimates  that  a  man  daily  developes  sufficient  heat  to  raise 
55  lbs.  of  water  from  32°  to  212°  F. 

434.  It  cannot  be  denied,  however,  that  there  are  certain  phenomena 
which  seem  at  first  sight  to  be  completely  opposed  to  the  chemical  theory 
of  calorification,  and  which  can  scarcely  be  explained  in  accordance  with 
it,  save  by  a  considerable  modification  in  our  usual  ideas.  The  class  of 
facts  to  which  reference  is  here  made,  are  those  which  indicate  that  the 
Nervous  System  has  a  very  important  concern  in  the  process,  and  that  it 
is,  in  fact,  one  of  the  immediate  instruments  in  the  development  of  heat. 
Thus  it  was  experimentally  shown  by  Sir  B.  Brodie,f  and  his  observa- 
tions have  been  repeated  and  confirmed  by  MM.  Le  Gallois,J  Chossat,§ 
and  Tscheschichin,!  that  when  the  brain  is  cut  off  from  the  spinal  cord, 
or  its  functions  are  suspended  by  the  agency  of  a  narcotic,  the  tempera- 
ture of  the  body  rapidly  falls,  even  when  artificial  respiration  is  prac- 
tised in  order  that  the  circulation  may  be  maintained.  This  depression 
of  temperature  appears,  from  the  experiments  of  Tscheschichin,  to  be 
attributable  to  retardation  of  the  current  of  blood  and  congestion  of  the 
venous  system,  in  consequence  of  which  an  increase  in  the  radiation  of 
heat  from  the  surface  occurs.  The  same  phenomena  are  observed  in 
any  part  of  the  body  if  the  nerves  supplying  it  are  divided ;  but  the 
ordinary  temperature,  as  might  be  expected,  assuming  the  above  expla- 
nation to  be  correct,  can  always  be  maintained  by  enveloping  the  body 
or  limb  in  cotton  wool,  or  other  badly  conducting  material ;  whilst  in- 
versely the  cooler  the  surrounding  medium,  the  more  rapid  is  the  dimi- 
nution of  temperature.  In  cases  where  section  of  the  spinal  cord  has 
been  performed  in  the  lower  part  of  the  cervical  or  the  upper  part  of 
the  dorsal  region,  it  must  not  be  forgotten,  as  an  additional  circumstance 
favouring  the  decline  of  temperature,  that  the  action  of  the  heart  is 
always  materially  retarded,  whilst  the  maintenance  of  the  respiration  is 
effected  almost  exclusively  by  the  diaphragm,  and  that  consequently  th 
energy  with  which  those  chemical  changes  resulting  in  the  evolution  o 
heat  are  carried  on  is  correspondingly  diminished.  In  M.  Tscheschichin' 
experiments,  section  of  the  pneumogastrics  was  not  observed  to  produc 
any  remarkable  effect  upon  the  development  or  distribution  of  th 
animal  heat  in  rabbits — at  least,  not  until  those  pathological  condition 
which  have  been  already  described  (§  301),  as  resulting  from  their  sec 
tion,  had  become  established.  It  is  also  worthy  of  notice  that  he  foun 
on  dividing  the  medulla  oblongata  just  below  the  pons,  violent  febril 
symptoms  were  produced.  After  poisoning  with  woorara,  which  accord 
ing  to  C.  Bernard  first  operates  on  the  vaso-motor  nerves,  inducing  a 
expansion  and  congestion  of  the  blood-vessels,  and  a  retardation  of  th 
movements  of  the  heart  and  respiratory  muscles,  a  decline  of  temper 
ture  was  constantly  observed.  Various  pathological  phenomena,  mor 
over,  indicate  that  the  withdrawal  of  nervous  influence  from  any  part 
the  body  usually  tends  to  produce  a  depression  of  its  temperature,  a 
this  especially  in  the  extremities ;  thus  Mr.  H.  Earlef  found  the  te 


*  "Physiol.,"  1862,  p.  561.  ,  „ 

f  "Philosophical  Transactions,"  1811,  1812;  and  "  Physiological  Researches. 
+  "  Annales  de  Chimie,"  1817  ;  and  GEuvres  de  M.  Le  Gallois,  t.  ii.  (i 
§  "  Memoire  sur  l'lnfluence  du  Systfeme  Nerveux  sur  la  Chaleur  Animate. 
||  Eeichert's  "  Archiv,"  1866,  pp.  151-179.       f  "Med.-Chir.  Trans.,  vol.  vi 
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erature  of  paralysed  limbs  slightly  lower  than  that  of  sound  limbs ;  so 
rot".  Dunglison  has  noticed  that  in  one  case  of  hemiplegia  of  five 
tonths'  standing,  the  temperature  of  the  axilla  was  96^°  on  the  sound 
de,  and  96°  on  the  paralysed  ;  whilst  that  of  the  hand  was  87°  on  the 
nmd  side,  and  only  79^°  on  the  paralysed;  and  in  another  case  of  only 
fortnight's  duration,  the  temperature  of  the  axilla  was  100°  on  the 
und  side,  and  only  98j°  on  the  paralysed,  whilst  that  of  the  hand  was 
1°  on  the  sound  side,  and  90°  on  the  paralysed.*    According  to  Folet,f 
e  temperature  of  the  paralysed  side  soon  after  an  attack  of  hemiplegia 
1-8°  Fahr.  above  that  of  the  opposite  side ;  but,  when  atrophy  super- 
i  nes,  the  temperature  falls  again.    The  elevation  is  quite  independent 

the  seat  of  the  lesion  of  the  nervous  system. 
H  435.  It  is  a  remarkable  fact,  however,  that  the  disturbance  of  tem- 
rature  produced  by  severe  injuries  of  the  Nervous  system,  occasionally 
ows  itself  in  the  opposite  direction.  Thus  it  has  been  noticed  by  many 
perinienters,  that  one  of  the  first  effects  of  division  of  the  spinal  cord 
the  back,  in  warm-blooded  animals,  is  to  raise  the  temperature  of  the 
•sterior  part  of  the  body,  this  elevation  continuing  for  some  hours.  A 
■  ie  is  recorded  by  Sir  B.  Brodie,  in  which,  the  spinal  cord  having  been 
|  seriously  injured  in  the  lower  part  of  the  cervical  region  that  the  whole 
I  the  nerves  passing-off  below  were  completely  paralysed,  the  heat  of 
I  i  body,  as  shown  by  a  thermometer  placed  on  the  inside  of  the  groin, 
I  s  not  less  than  111°;  and  this  notwithstanding  that  the  respiratory 
I  .ction  was  very  imperfectly  performed,  the  number  of  inspirations 
I  ng  considerably  reduced,  and  the  countenance  being  livid. J  And 
)f.  Dunglison  states  that,  notwithstanding  the  usual  depression  of  the 
i  rrnometer  on  the  hemiplegic  side,  it  is  not  unfrequently  found  to  be 
*.re  elevated  than  on  the  sound  side.§    According  to  the  experiments 
M.  CI.  Bernard||  it  appears  that  an  elevation  of  temperature  constantly 
es  place  on  one  side  of  the  face,  when  the  trunk  which  unites  the 
npathetic  ganglia  of  the  neck  on  that  side  is  cut  through ;  this  in- 
ase  being  not  only  perceptible  to  the  touch,  but  showing  itself  by  a 
rrnometer  introduced  into  the  nostrils  or  ears,  even  to  the  extent  of 
n  7°  to  11°  Fahr.    When  the  superior  cervical  ganglion  is  removed, 
same  effect  is  produced,  and  with  yet  greater  intensity.    This  diff  e- 
ce  is  maintained  for  many  months,  and  is  not  apparently  connected 
i  the  occurrence  of  inflammation,  congestion,  oedema,  or  any  other 
lological  change  in  the  tissues,  though  the  sensibility  of  the  parts 
s  affected  is  no  less  augmented  than  their  temperature  ;  moreover,  it 
5t  prevented  from  manifesting  itself  by  the  division  of  any  of  the 
•bro-spinal  nerves  of  the  face.    The  fact,  however,  appears  to  be 
ciently  explained  by  the  relaxation  of  the  walls  of  the  smaller 
es  (producing  a  state  resembling  a  permanent  '  blush'),  and  the 
sequent  increase  in  the  afflux  of  blood  to  the  part,  which  has  been 
vn  by  Dr.  Aug.  Waller  to  result  from  this  operation.    (See  §  248.) 
urious  experiment  made  by  Bernard  tends  to  show  that  the  quantity 

•  "  Human  Physiology,"  7th  Edit.,  vol.  ii.  p.  238. 
t    Graz.  Hehdomad.,"  1867,  Nob.  12-14. 

+    Medical  Gazette,"  June,  1836;  and  "Physiological  Researches,"  p.  121. 

I  „£mer-  Med.  Intelligencer,"  Oct.  18,  1838. 

II  "Gazette  Mcdicale,"  F<5vr.  21, 1852. 
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of  blood  taken  up  by  any  one  organ  is  supplied  to  it  at  the  expense  of 
another  ;  and  that  the  excess  of  heat  developed  at  one  point  of  the  body 
is  compensated  for  by  a  diminution  in  some  other  part.  He  found  that 
on  making  a  section  of  the  Sympathetic  in  the  neck  of  a  Rabbit,  both  of 
whose  ears  had  previously  a  temperature  of  95°  F.,  the  temperature  rose 
to  100°  F.  on  the  side  on  which  the  section  was  made,  whilst  it  fell  to 
91°  F.  on  the  opposite  side.  When,  however,  the  peripheral  end  of  the 
cut  nerve  was  galvanized,  the  temperature  fell  in  the  corresponding  ear 
and  rose  in  the  opposite  one.* 

436.  The  influence  which  conditions  of  the  Nervous  System  are  thus 
shown  to  possess  over  the  function  of  Calorification,  has  led  some  Physio- 
logists and  even  Chemists  to  the  conclusion,  that  the  production  of  Heat 
is  essentially  dependent  upon  Nervous  agency,  of  which  it  is  one  of  the 
manifestations.    But,  as  Prof.  Liebig  justly  observes,  "  if  this  view  ex- 
clude chemical  action,  or  changes  in  the  arrangement  of  the  elementary 
particles,  as  a  condition  of  nervous  agency,  it  means  nothing  else  than  to 
derive  the  presence  of  motion,  the  manifestation  of  force,  from  nothing. 
But  no  force,  no  power,  can  come  of  nothing."!  That  the  production  of 
heat  in  living  bodies  may  take  place  without  any  possible  assistance  from 
Nervous  agency,  is  manifest  from  the  phenomena  of  Vegetable  heat; 
and  there  can  be  no  reasonable  doubt  that  the  source  of  this  production 
is  a  true  combustive  process.    And  the  evidence  afforded  by  the  post- 
mortem production  of  heat  in  the  Human  subject  (§  424),  conclusively 
points  to  the  same  result ;  more  particularly  as  the  elevation  of  tem- 
perature observed  in  the  brain  was  uniformly  less  than  that  which  was 
manifested  in  other  large  organs. — But  the  phenomena  just  enumerated 
(and  many  others  that  might  be  cited)  can  scarcely  be  accounted-for, 
without  admitting  that  the  Nervous  system  exerts  an  important  modify- 
ing power  upon  the  temperature  of  the  body,  which  may  be  eithe 
elevated  or  depressed  through  its  agency ;  and  the  question  now  arises, 
whether  this  operation  takes  place  through  the  influence  which  th 
Nervous  system  exerts  over  the  molecular  processes  of  Nutrition,  Secre 
tion,  &c,  or  through  some  more  direct  method.    It  can  scarcely  b 
denied  that  the  first  of  these  channels  affords  not  merely  a  possible,  bu 
also  a  probable  means,  for  the  exercise  of  such  influence  ;  but  still  it 
difficult  to  conceive  that  any  great  effect  can  be  thus  produced ;  sin 
as  already  shown,  it  is  not  so  much  in  the  growth  as  in  the  disintegra 
tion  of  textures,  that  heat  is  produced  by  the  oxidation  of  their  com 
ponents.     On  the  other  hand,  from  the  close  relation  which  exis 
between  the  Vital  and  the  Physical  forces,  it  can  scarcely  be  regard 
as  improbable  that  the  Nervous  force,  generated  by  molecular  chang 
in  the  Nervous  substance,  may  manifest  itself  under  the  form  of  Hea 
just  as  we  know  that  it  manifests  itself  (in  the  electric  Fishes,  &c. 
under  that  of  Electricity.^    And  thus  it  is  quite  conceivable,  that  o 
mode  in  which  alimentary  materials  may  be  applied  to  the  maintenan 
of  Animal  Heat,  may  consist  in  their  subservience  to  these  rnolecu 
changes,  which  seem  to  take  place  in  the  Nervous  substance  with  mo 
activity  than  in  any  other  tissue  ;  and  thus  a  large  measure  of  calor 
may  be  generated  through  the  immediate  instrumentality  of  the  Nervo 
*  Bernard.  "  Lecons,"  1859,  6eme  Lecon.     f  "  Animal  Chemistry,"  3rd  edit,  p. 
t  See  "  Princ.  of  Com.  Phys.,"  §§  461-466. 
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/3tem,  notwithstanding  that  the  ultimate  source  of  its  development  lies 
i  in  the  Chemical  theory)  in  the  oxidation  of  the  elements  of  the  food. 
•  Such  an  hypothesis  will  be  found  consistent,  the  Author  believes, 
th  all  the  well-ascertained  facts  of  the  case  ;  for  whilst  it  assigns  their 
1  value  to  all  those  proofs,  which  establish  (in  his  mind)  the  necessary 
endence  of  Calorification  upon  the  changes  to  which  the  Respiration 
bservient,  and  thus  upon  the  supply  of  combustive  material  on  the 
>  hand  and  of  oxygen  on  the  other,  it  also  assigns  a  definite  modus 
vandi  to  the  Nervous  system,  as  an  instrument  largely  concerned  in 
production  and  distribution  of  the  heat  thus  generated, — this  modus 
randi,  moreover,  being  in  such  complete  harmony  with  the  other 
lifestations  of  Nervous  power,  that  its  existence  might  almost  have 
q  predicated  upon  general  considerations.* 

:37.  We  have  now  to  inquire  whether  the  power  of  generating  Heat 
•ossessed  by  the  Human  subject  in  an  equal  degree  at  all  ages  ;  this 
3tioD  being  very  different  from  that  of  the  ordinary  temperature  of 
body  at  the  various  periods  of  life ;  since  an  individual  who  can 
j  otain  a  high  temperature  when  the  surrounding  air  is  moderately 
m,  may  have  very  little  power  of  bearing  continued  exposure  to 
re  cold.  Important  analogical  evidence  on  this  point  has  been  supplied 
I  he  experiments  of  Dr.  W.  F.  Edwards  upon  the  lower  Mammalia, 
Us,  &c.f  It  appears  from  these  to  be  a  general  fact,  that,  the  younger 
[  mimal,  the  less  is  its  independent  calorifying  power.    Thus  the  de- 
i  pment  of  the  embryo  of  all  Oviparous  animals  is  entirely  dependent 
i  the  amount  of  external  warmth  supplied  to  it.    There  are  many 
s  of  Birds,  which,  at  the  time  they  issue  from  the  egg,  are  so  deficient 
le  power  of  generating  heat,  that  their  temperature  rapidly  falls 
i  they  are  removed  from  the  nest  and  placed  in  a  cold  atmosphere  ; 
ring  shown  by  collateral  experiments,  that  the  loss  of  heat  was  not  to 
■retributed  to  the  absence  of  feathers,  nor  to  the  extent  of  surface  ex- 
i|  l  in  comparison  with  the  bulk  of  the  body  ;  and  that  nothing  but  an 
flute  deficiency  in  the  power  of  generating  it,  would  account  for  the 
i|  f  temperature.    This  is  quite  conformable  to  facts  well  ascertained 
™^ard  to  Mammalia.    The  foetus,  during  intra-uterine  life,  has  little 
l|i  r  of  keeping-up  its  own  temperature ;  and  in  many  cases  it  is  much 
ident  on  external  warmth  for  some  time  after  birth.   The  degree  of 
Mj:  ependence,  however,  differs  greatly  in  the  various  species  of  Mam- 
Dl: ,  as  among  Birds ;  being  less,  in  proportion  as  the  general  develop- 
I  is  advanced.    Thus,  young  Guinea-pigs,  which  can  run-about  and 
ip  food  for  themselves  almost  as  soon  as  they  are  born,  are  from 
'st  independent  of  parental  warmth  ;  whilst  on  the  other  hand,  the 
;  of  Dogs,  Cats,  Rabbits,  &c,  which  are  born  blind,  and  which  do 
r  a  fortnight  or  more  acquire  the  same  development  with  the  pre- 
[,  rapidly  lose  their  heat  when  withdrawn  from  contact  with  the 
if  the  mother. 

•  In  the  Human  species,  it  is  well  known  that  external  warmth 
*f>  i  issary  for  the  Infant,  its  body  rapidly  losing  heat  when  exposed 
w|  chilling  influence  of  a  low  temperature ;  but  the  fact  is  too  often 

«J  e.the  Author's  Memoir  '  On  the  Mutual  Relations  of  the  Vital  and  Physical 
*P|  in  "Phil.  Trans.,"  1850. 

I  >n  the  Influence  of  Physical  Agents  on  Life,"  part  iii.  chap.  i. 
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neglected  (under  the  erroneous  idea  of  '  hardening '  the  constitution) 
during  the  early  years  of  childhood.    It  is  to  be  carefully  remembered 
that  the  development  of  Man  is  slower  than  that  of  any  other  animal' 
and  that  his  calorifying  power  is  closely  connected  with  his  general  bodily 
vigour ;  and  though  the  infant  becomes  more  independent  of  it  as  deve- 
lopment advances,  it  is  many  years  before  the  standard  can  be  maintained 
without  assistance,  throughout  the  ordinary  vicissitudes  of  external  tem- 
perature.   Especial  care  is  required  with  regard  to  the  maintenance  o 
the  bodily  heat  by  artificial  warmth,  in  the  case  of  children  premature] 
born ;  for  the  earlier  the  period  of  embryonic  life,  the  less  is  the  powe 
of  calorification  that  exists  for  some  time  after  birth.    The  tempera tur 
of  a  seven  months'  child,  though  well  swathed  and  near  a  good  fire,  wa 
found  by  Dr.  W.  Edwards,  within  two  or  three  hours  after  its  birth,  t 
be  no  more  than  89-6°.    And  in  some  of  the  recorded  instances  inwhic 
the  birth  has  taken  place  before  the  completion  of  the  sixth  month,  i 
has  not  been  found  possible  to  maintain  the  warmth  of  the  infant  b 
exposure  to  the  radiant  heat  of  a  fire,  the  contact  of  the  warm  body 
another  person  being  the  only  effectual  means  of  keeping  up  its  tempe 
rature. — The  fullest  measure  of  calorifying  power  is  possessed  by  adul 
but  even  in  them  it  is  sometimes  weakened  by  previous  exertion,  so  th 
death  by  the  cooling  of  the  body  may  occur,  when  the  body  is  expose 
to  cold  of  no  great  intensity,  but  in  a  state  of  exhaustion  of  nervo 
power ;  a  fact  which  remarkably  confirms  the  views  advanced  in  t 
preceding  paragraph.    A  decrease  of  calorifying  power  takes  place 
advanced  age.    Old  people  complain  that  their  "  blood  is  chill ; "  and  th 
suffer  greatly  from  exposure  to  cold,  the  temperature  of  the  whole  bo 
being  lowered  by  it. 

439.  These  facts  have  a  very  interesting  connection  with  the  r 
of  statistical  inquiries,  as  to  the  average  number  of  deaths  at  differ 
seasons ;  the  following  are  recorded  by  M.  Quetelet,*  as  occurring 
Brussels,  the  mean  monthly  mortality  at  each  age  being  reckoned  as  1 


January  . 
February  . 
March  .  . 
April  .  . 
May  .  . 
June  .  . 
July  .  . 
August  . 
September 
October  . 
November 
December 


First 
Mouth. 


1-39 
1-28 
1-21 
1-02 
0-93 
0-83 
0-78 
0-79 
0'86 

0-  91 
093 

1-  07 


2—3 
Years. 


122 
1-13 
1-30 
1-27 
1-12 
0-94 
0-82 
0-73 
0-76 
0-78 

0-  91 

1-  01 


8—12 
Years. 


T08 
1-06 
1-27 
1-34 
1-21 
0-99 
0-88 
0-82 
0-81 
0-76 
0-80 
0-96 


25—30 
Years. 


1-05 
1-04 
I'll 

i-06 

102 
1-02 
0-91 
0-96 
0-95 
0-93 
0-97 
0-97 


50-65 
Years. 


1-30 
1-22 
I'll 
1-02 
093 
0-85 
077 
0-85 
0-89 

0-  90 

1-  00 
1-15 


90  Ye 
andabo 


We  see  from  this  table  that,  during  the  first  months  of  infant  life, 
external  temperature  has  a  very  marked  influence ;  for  the  avej 
mortality  during  each  of  the  three  summer  months  being  80,  th 
January  is  nearly  140,  and  the  average  of  February  and  March  is 

*  "Essai  de  Physique  Sociale,"  torn.  i.  p.  197. 
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This  is  confirmed  by  the  result  obtained  by  MM.  Villerme*  and  Milne- 
Edwards,  in  their  researches  on  the  mortality  of  the  children  conveyed  to 
the  Foundling  Hospitals  in  the  different  towns  in  France ;  for  they  not 
only  ascertained  that  the  mortality  is  much  the  greatest  during  the  first 
three  months  in  the  year,  but  also  that  it  varies  in  different  parts  of  the 
kingdom,  according  to  the  relative  severity  of  the  winter.*    As  child- 
hood advances,  however,  the  winter  mortality  diminishes,  whilst  that  of 
lie  spring  undergoes  an  increase ;  this  is  probably  due  to  the  greater 
irevalence  of  certain  epidemics  at  the  latter  season  ;  for  the  same  condi- 
ion  is  observed,  in  a  still  more  remarkable  degree,  between  the  ages  of 
I  and  12  years, — the  time  when  children  are  most  severely  affected  by 
such  epidemics.    As  the  constitution  acquires  greater  vigour,  and  the 
jodily  structure  attains  its  full  development,  the  influence  of  the  season 
ipou  mortality  becomes  less  apparent ;  so  that  at  the  age  of  from  25  to 
30  years,  the  difference  between  the  summer  and  winter  mortality  is 
ery  slight.    The  difference  reappears,  however,  in  a  very  marked  de- 
cree, at  a  later  period,  when  the  general  vigour,  and  the  calorifying 
lower,  undergo  a  gradual  diminution.  Between  the  ages  of  50  and  65, 
t  is  nearly  as  great  as  in  early  infancy  ;  and  it  gradually  becomes  more 
fariking,  until,  at  the  age  of  90  and  upwards,  the  deaths  in  January  are 
I  58,  for  every  74  in  July  (a  proportion  of  2£  to  1) ;  and  the  average  of 
he  three  winter  months  is  145,  whilst  that  of  the  three  summer  months 
i  s  only  68,  or  less  than  one-half. — The  results  of  the  comparisons  which 
iave  now  been  carried-out  for  many  successive  years,  in  the  Keports  of 
|  he  Eegistrar- General,  between  the  variations  in  the  weekly  rate  of  mor- 
ality in  the  Metropolis  and  the  range  of  atmospheric  temperature,  pre- 
sent a  close  coincidence  with  the  foregoing :  it  being  especially  to  be 
oted,  that  the  rate  of  mortality  (save  during  the  prevalence  of  any  fatal 
pidemic)  is  almost  invaribly  the  highest  during  the  winter  months ; 
lat  the  increase  of  deaths  at  that  period  is  most  marked  amongst  children 
\  ad  old  people ;  and  that  any  extraordinary  severity  of  winter  cold  con- 
antly  produces  a  great  augmentation  in  the  mortality,  the  weekly 
h  amber  of  deaths  rising  from  the  average  of  1100  (or  thereabouts)  to 
1)500  or  even  1800,  when  the  mean  temperature  of  the  week  remains 
I  *  or  eight  degrees  below  the  freezing-point. 

|l  440.  Having  thus  considered  the  means  by  which  the  degree  of  Heat, 
■  icessary  for  the  performance  of  the  functions  of  the  Human  system,  is 
ik  merated,  we  have  to  inquire  how  its  temperature  is  prevented  from 
|  :ing  raised  too  high  ;  in  other  words,  what  frigorifying  means  there  are, 

counterbalance  the  influence  of  causes,  which  in  excess  would  other- 
ise  be  fatal,  by  raising  the  heat  of  the  body  to  an  undue  degree 
i  427).  How  is  it,  for  example,  that,  when  a  person  enters  a  room 
I  hose  atmosphere  is  heated  to  one  or  two  hundred  degrees  above  his 
f  >dy,  the  latter  does  not  partake  of  the  elevation,  even  though  exposed 

the  heat  for  some  time  ?    Or,  since  the  inhabitants  of  a  climate, 

^  Dr.  Emerson  has  shown  that,  in  the  Southern  and  Middle  States  of  North  America, 
1 2  high  summer  temperature  is  the  greatest  cause  of  Infant-mortality  :  the  propor- 
|  n  of  deaths  during  the  first  year  of  childhood  occurring  in  the  months  of  June, 

•y,  and  August,  being  about  four  times  greater  than  that  occurring  during  the 
I  me  months  in  any  subsequent  year  up  to  the  age  of  20.  The  winter  mortality 
I  aer  the  second  year  scarcely  exceeds  the  average  of  subsequent  years.  ("  Amer. 
lur.  of  Med.  Sci.,"  Nov.  1831.) 
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where  the  thermometer  averages  100°  for  many  weeks  together,  are 
continually  generating  additional  heat  in  their  own  bodies,  how  is  it  that 
this  does  not  accumulate,  and  raise  them  to  an  undue  elevation  ? — The 
means  provided  by  Nature  for  cooling  the  body  when  necessary,  are  of 
the  simplest  possible  character.  From  the  whole  of  its  soft  moist 
surface,  simple  Evaporation  will  take  place  at  all  times,  as  from  an  in- 
organic body  in  the  same  circumstances ;  and  the  amount  of  this  will  be 
regulated  by  the  vaso-motor  nerves,*  and  by  the  condition  of  the  atmo- 
sphere, as  to  warmth  and  dryness.  The  more  distended  the  vessels  and 
the  more  readily  watery  vapour  can  be  dissolved  in  atmospheric  air,  the 
more  will  be  lost  from  the  surface  of  the  body  in  this  manner.  In  cold 
weather  and  with  contracted  vessels,  very  little  is  thus  carried-off,  even 
though  the  air  be  dry  :  and  a  warm  atmosphere,  already  charged  with 
dampness,  will  be  nearly  as  ineffectual.  But  simple  evaporation  is  not 
the  chief  means  by  which  the  temperature  of  the  body  is  regulated. 
The  Skin,  as  already  mentioned  (§  417),  contains  a  large  number  of 
glandular,  the  office  of  which  is  to  secrete  an  aqueous  fluid ;  and  the 
amount  of  this  Exhalation  appears  to  depend  solely  or  chiefly  upon  the 
temperature  of  the  surrounding  air.  Thus,  when  the  external  heat  is 
very  great,  a  considerable  amount  of  fluid  is  transuded  from  the  skin ; 
and  this,  in  evaporating,  carries-off  a  large  quantity  of  the  free  caloric, 
which  would  otherwise  raise  the  temperature  of  the  body.  If  the  atmo- 
sphere be  hot  and  dry,  and  also  be  in  motion,  both  exhalation  and  eva- 
poration go-on  with  great  rapidity.  If  it  be  cold,  both  are  checked,  the 
former  almost  entirely  so ;  but,  if  it  be  dry,  some  evaporation  still  con- 
tinues. On  the  other  hand,  in  a  hot  atmosphere  saturated  with  moisture, 
exhalation  continues,  though  evaporation  is  almost  entirely  checked; 
and  the  fluid  poured-out  by  the  exhalant  glands  accumulates  on  the  skin. 
There  is  reason  to  believe  that  the  secretion  continues  even  when  the 
body  is  immersed  in  water,  provided  its  temperature  be  high. — We 
learn  from  these  facts  the  great  importance  of  not  suddenly  checking 
Exhalation,  by  exposure  of  the  surface  to  cold,  when  the  secretion 
being  actively  performed ;  since  a  great  disturbance  of  the  circulation 
will  be  likely  to  ensue,  similar  to  that  which  has  been  already  mentioned, 
as  occurring  when  other  important  secretions  are  suddenly  suspended. 

3.  Evolution  of  Light. 

441.  Although  the  evolution  of  Light  from  the  living  Human  subj 
is  an  exceptional  phenomenon,  which  has  only  been  observed  in  morbi 
states  of  the  body,  yet  its  occasional  occurrence  is  fraught  with  interes 
to  the  Physiologist,  on  the  one  hand  from  its  relation  to  the  Luminosi 
so  common  among  the  lower  animals,  and  on  the  other  from  the  indica 
tions  which  it  affords  of  the  possibility  of  the  formation,  even  during  lift 
of  peculiar  phosphuretted  compounds,  which,  being  products  of  incipie 
decomposition,  have  been  usually  supposed  to  be  generated  only  aft 
death. — There  is  no  doubt  that  luminous  exhalations  frequently  ascen 
from  burial-grounds  ;  and  that  the  superstitions  of  many  nations  respec 
ing  '  corpse-lights '  have  to  this  extent  a  foundation  in  fact.    A  ve 

*  See  Bonders,  Jacobson  and  Landre',  in  Humphry  and  Turner's  "Journal 
Anatomy,"  vol.  i.  p.  366. 
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decided  luminosity  lias  been  observed  to  proceed  from  dissecting  room 
subjects,  the  light  thus  evolved  being  sufficient  to  render  the  forms  of 
the  bodies,  as  well  as  those  of  muscles  and  other  dissected  parts  (which 
are  peculiarly  bright),  almost  as  distinct  as  in  the  daylight.    That  this 
proceeds  from  the  production  of  a  peculiar  phosphorescent  compound, 
is  shown  by  the  fact,  that  the  luminosity  may  be  communicated  to  the 
fingers  or  to  towels,  &c,  by  contact  with  the  luminous  surfaces.* — Dr. 
W.  Stokes  narrates  the  case  of  a  patient  who  was  under  his  observation, 
some  years  since,  in  the  Old  Meath  Hospital,  having  been  admitted  on 
account  of  an  enormous  cancer  in  her  breast,  which  was  in  an  advanced 
stage  of  ulceration,  the  edges  being  irregular  and  everted ;  every  part  of 
the  base  and  edges  of  this  cavity  was  strongly  phosphorescent,  the  light 
being  sufficient  to  enable  the  figures  on  a  watch-dial  to  be  distinguished 
within  a  few  inches ;  and  here  also  it  appeared  that  the  luminosity  was 
due  to  a  particular  exudation  from  the  exposed  surface.  Three  cases  are 
recorded  by  Sir  H.  Marsh,  in  which  an  evolution  of  light  took  place  from 
the  living  body,  without  any  such  obvious  source  of  decomposition ;  all 
the  subjects  of  these  cases,  however,  were  in  the  last  stage  of  phthisis ;  and 
it  can  scarcely  be  doubted  that  here,  as  in  other  diseases  of  exhaustion, 
incipient  disintegration  was  taking-place  during  the  later  periods  of  life 
(§  77).    The  light  in  each  case  is  described  as  playing  around  the  face, 
but  not  as  directly  proceeding  from  the  surface ;  and  in  one  of  these 
instances,  which  was  recorded  by  Dr.  D.  Donovan, f  not  only  was  the 
luminous  appearance  perceptible  over  the  head  of  the  patient's  bed,  but 
luminous  vapours  passed  in  streams  through  the  apartment.    It  can 
scarcely  be  doubted  that  it  was  here  the  breath  which  contained  the 
luminous  compound,  more  especially  as  it  was  observed  in  one  of  the 
cases  to  have  a  very  peculiar  smell;  and  the  probability  that  the 
luminosity  was  due  to  the  presence  of  phosphorus  in  progress  of  slow 
oxidation,  is  greatly  increased  by  the  fact  already  referred-to  (§  314), 
that  the  injection  of  phosphuretted  oil  into  the  blood-vessels  gives-rise 
to  a  similar  appearance.  In  repeating  this  experiment,  Sir  H.  Marsh  states 
hat  when  half  an  ounce  of  olive-oil,  holding  two  grains  of  phosphorus  in 
solution,  was  injected  into  the  crural  vein  of  a  dog,  a  dense  white  vapour 
oegan  to  issue  from  the  nostrils  even  before  the  syringe  was  completely 
emptied,  which  became  faintly  luminous  on  the  removal  of  the  lights : 
md  the  injection  .being  repeated  with  the  same  quantity,  the  expiration 
nnnediately  became  beautifully  luminous,  resembling  jets  of  pale- 
i  coloured  flame  pouring-forth  from  the  nostrils  of  the  animal.    And  the 
uminosity  which  has  been  occasionally  observed  in  the  urine, J  may 
airly  be  imputed  to  an  increase  in  the  quantity  of  unoxidized  phos- 
phorus which  it  seems  normally  to  contain ;  its  liberation  taking-place 
I  it  a  more  rapid  rate  than  its  conversion  into  phosphoric  acid,  either 

*  See  Sir  Herbert  Marsh  on  "  The  Evolution  of  Light  from  the  Living  Human 
I  Subject"  (Dublin,  1842),  p.  20.— From  this  interesting  pamphlet,  most  of  the  state- 
I  cents  in  this  paragraph  are  derived. 

+  "Dublin  Medical  Press,"  Jan.  15,  1840. 

+  Casper's  "  Wocbenschrift,"  1849,  No.  15. — A  case  has  been  recently  put  on 
I  ecord  (Biichner's  "  Repert.,"  Bd.  viii.  p.  342),  in  which  the  urine  and  semen  of  a 
I:  'atient  wbo  was  under  treatment  for  impotence  and  spermatorrhoea,  and  who  was 
I  mploying  phosphorus  as  a  remedy  both  internally  and  externally,  were  observed 
I  o  be  luminous. 
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through  excessive  excretion  or  through  impeded  respiration.*  A  case 
has  been  recorded  by  Kaster  (loc.  cit.)  in  which  the  body-linen  was 
rendered  luminous  by  the  perspiration,  after  any  violent  exercise;  and 
here,  too,  the  cause  may  be  presumed  to  have  been  the  same. — On  the 
whole,  then,  we  may  conclude  the  occasional  evolution  of  Light  from  the 
Human  subject,  to  be  the  consequence  (when  not  an  electrical  pheno- 
menon) of  the  production  of  a  phosphorescent  compound  at  the  expense 
of  the  disintegrating  tissues;  which  compound  passes-off  through  one  of 
the  ordinary  channels  of  excretion. 

4.  Evolution  of  Electricity. 

442.  When  the  vast  variety  of  changes  of  condition  to  which  the 
components  of  the  living  body  are  subjected  during  the  performance  of 
its  vital  operations,  and  the  impossibility  of  the  occurrence  of  any  of 
these  without  some  disturbance  of  Electric  equilibrium, ^  are  duly  con- 
sidered, the  wonder  is,  not  that  such  disturbance  should  be  occasionally 
so  considerable  as  to  make  itself  apparent,  but  that  it  should  be  ordi- 
narily ao  obscure  as  only  to  be  detected  by  the  most  careful  search,  and 
with  the  assistance  of  the  most  delicate  instruments.  The  researches  of 
Prof.  Matteucci,  M.  du  Bois-Reymond,  and  others,  however,  have  now 
made  it  apparent,  that  there  are  no  two  parts  of  the  body  (save  those 
which  correspond  on  the  opposite  sides),  whose  electrical  condition  is 
precisely  the  same ;  and  that  the  differences  between  them  are  greater 
in  proportion  to  the  diversity  of  the  vital  processes  which  are  taking- 
place  in  them,  and  to  the  activity  with  which  these  are  being  carried- 
on.^: — It  is  by  the  comparison  of  the  electric  states  of  different  secreting 
surfaces,  that  such  departures  from  equilibrium  are  most  readily 
demonstrated.  Thus,  Donne"  found  that  the  skin  and  most  of  the 
internal  membranes  are  in  opposite  electrical  states ;  and  Matteucci 
observed  a  considerable  deflection  of  the  needle  of  a  delicate  galvano- 
meter, when  the  liver  and  stomach  of  a  rabbit  were  connected  with  its 

*  The  large  proporlion  of  intemperate  subjects,  among  those  who  exhibit  this 
phenomenon,  seems  to  confirm  the  view  already  expressed,  that  the  habitual  presence 
of  Alcohol  in  the  blood  interferes  with  the  oxidation  and  elimination  of  excrementi- 
tious  matters. 

f  There  is  probably  no  instance  of  chemical  union  or  decomposition,  in  which  the 
Electric  condition  of  the  bodies  concerned  is  not  altered.  Simple  change  of  form, 
from  solid  to  liquid,  or  from  liquid  to  gaseous,  is  attended  with  electric  disturbance; 
and  this  is  greatly  increased  when  any  separation  takes  place  between  substances  that 
were  previously  united,  as  when  water  containing  a  small  quantity  of  saline  matter  is 
caused  to  evaporate  and  to  leave  it  behind.  Seat,  again,  is  continually  generating 
Electricity  ;  for  not  only  is  a  current  produced  by  the  heating  of  two  dissimilar  metals 
in  contact,  but  also  by  the  unequal  heating  of  two  parts  of  the  same  bar ;  and  though 
the  effect  is  most  striking  in  the  case  of  metals,  it  is  by  no  means  limited  to  them. 
And  so  constantly  is  Electricity  generated  by  the  retardation  of  motion,  as  in  fric  tion, 
that  it  is  not  possible  to  rub  together  any  two  substances,  excepting  those  which  are 
of  the  most  perfect  homogeneity  (such  as  the  fractured  surfaces  of  a  broken  bar),  with- 
out the  production  of  Electric  change  as  well  as  of  Heat. 

J  Having  had  an  opportunity  of  witnessing  some  of  the  experiments  made  by 
11.  du  Bois-Keymond  with  a  magneto-electrometer  of  extraordinary  sensitiveness,  the 
Author  can  bear  his  personal  testimony  to  the  fact,  that  the  electricity  even  of  the 
corresponding  fingers  of  the  two  hands  is  very  seldom  equally  balanced,  and  that 
the  existence  of  even  the  slightest  scratch  or  abrasion  of  surface  upon  one  of  them 
produces  a  very  marked  disturbance. 
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platinum  electrodes.*  More  recently,  Mr.  Baxter  has  found  that  if  one 
of  the  electrodes  be  placed  upon  any  part  of  the  intestinal  surface,  and 
the  other  be  inserted  into  the  branch  of  the  mesenteric  vein  proceeding 
from  it,  a  decided  deflection  of  the  needle  is  produced,  indicating  a 
positive  condition  of  the  blood ;  but  that  no  effect  is  produced,  when 
the  second  electrode  is  inserted  into  the  artery  of  the  part,  instead  of 
into  its  vein.  These  effects  were  found  to  cease  after  the  death  of  the 
animals ;  and  could  not  be  attributed,  therefore,  to  mere  chemical  dif- 
ferences between  the  blood  and  the  secreted  product ;  but  must  have 
arisen  from  electric  disturbance  taking-place  in  the  very  act  of  secre- 
tion. |  Scoutetten  and  Shettle,|  again,  have  found  arterial  blood  to  be 
positive  in  its  relations  to  venous  blood. — That  the  process  of  Nutrition, 
as  well  as  of  Secretion,  in  parts  which  are  undergoing  rapid  molecular 
change,  gives-rise  to  electric  disturbance,  is  proved  by  the  experiments 
of  Matteucci  and  Du  Bois-Eeymond,  upon  the  relative  electrical  states 
of  different  parts  of  muscles  and  nerves.  If  the  two  extremities  of  a 
Muscle,  removed  from  the  body  of  an  animal  very  recently  killed,  be 
applied  to  the  two  electrodes  of  a  delicate  galvanometer,  there  is  usually 
some  deflection  of  the  needle ;  this  being  greater,  in  proportion  to  the 
difference  in  the  arrangement  of  the  muscular  and  tendinous  elements  at 
the  two  extremities.  Although  the  direction  of  the  current  is  constant 
for  each  muscle,  yet  there  is  no  constant  relation  between  the  direction 
of  the  currents  and  the  position  of  the  muscles  in  the  body ;  thus  in  the 
gastrocnemius  of  the  Frog's  leg,  the  direction  is  from  the  foot  towards 
the  body,  whilst  in  the  sartorius  it  is  the  reverse.  Taking  all  the 
muscles  of  a  part  together,  however,  there  is  usually  such  a  want  of 
balance  between  the  opposite  currents,  that  a  constant  current  is 
established  in  the  direction  of  the  strongest  and  most  numerous  of  the 
separate  muscular  currents;  this,  in  the  Frog,  passes  uniformly  from 
the  hind-feet  towards  the  head,  and  was  at  one  time  supposed  to  be 

peculiar  to  that  animal ;  but  a  similar  current  may  almost  always  be 

letected  in  other  animals.    The  muscular  current  grows  feebler  and 

eebler,  the  longer  the  muscle  has  been  removed  from  the  body  ;  it  is 
'iffected  by  any  agents  which  tend  to  lower  its  vitality,  and  becomes 

extinct  as  soon  as  its  contractility  ceases.    From  the  experiments  of  M. 

iu  Bois-Reymond,  it  may  be  concluded  that  the  current  in  the  arm  of 

|lan,  when  at  rest,  is  from  the  shoulder  towards  the  points  of  the 
:  ingers.     (The  special  conditions  of  the  'Nervous'  and  'Muscular' 

urrents  will  be  hereafter  fully  considered  in  the  chapters  devoted  to 

he  Nerves  and  Muscles  respectively.) 
443.  Some  of  the  most  important  parts  of  the  body  being  thus  in  a 

tate  of  constant  disequilibrium  with  regard  to  each  other,  it  is  not  sur- 
|  »nsing  that  the  Electric  state  of  the  whole  should  be  ordinarily  in  dis- 
equilibrium with  that  of  surrounding  bodies.  This  difference,  however, 
I  i  usually  prevented  from  manifesting  itself,  in  consequence  of  the  resto- 

ation  of  the  equilibrium  by  the  free  contact  which  is  continually 
I  iking-place  between  them  ;  and  it  is  for  the  most  part  only  when  the 
liuman  body  is  insulated,  that  it  becomes  apparent.    The  galvano- 

'  1  ^o!?*  Bec(luerel's  "  Traite  de  l'Electricite,"  torn.  i.  p.  327,  and  torn.  iv.  p.  300. 
I  T    Philosophical  Transactions,"  1848,  p.  243. 
i  +  An  Essay  on  the  Electricity  of  the  Blood,  1867. 
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meter  is  then  affected,  however,  by  the  contact  of  one  of  its  electrodes 
with  the  person  insulated,  and  the  other  with  any  neighbouring  un- 
insulated body  ;  and  also  by  the  contact  of  the  electrodes  with  the  hands 
of  two  persons  both  insulated,  who  join  their  other  hands  together,  a 
difference  in  the  electrical  states  of  the  two  individuals  being  thus  in- 
dicated. The  electricity  of  Man  is  most  commonly  positive,  and  irri- 
table men  of  sanguine  temperament  have  more  free  electricity  than 
those  of  phlegmatic  character.  The  electricity  of  women  is  more  fre- 
quently negative  than  that  of  men.  There  are  persons  who  scarcely 
ever  pull  off  articles  of  dress  which  have  been  worn  next  the  skin, 
without  sparks  and  a  crackling  noise  being  produced ;  especially  in  dry 
weather,  when  the  electricity  of  the  body  is  retained,  instead  of  being 
rapidly  dissipated  as  it  is  by  a  damp  atmosphere.  The  effect  is  usually 
heightened,  if  silk  stockings  and  other  silken  articles  have  been  worn, 
since  these  act  as  insulators.  It  is  doubtless  in  part  attributable  to 
the  friction  of  the  articles  of  dress  against  each  other  and  against  the 
body;  but  we  can  scarcely  doubt  that  it  is  partly  due  to  the  generation 
of  electricity  in  the  body  itself,  since  it  bears  no  constant  relation  to  the 
former  of  these  supposed  causes.  Thus  a  Capuchin  friar  is  mentioned 
by  Dr.  Schneider,*  who,  on  removing  his  cowl,  always  found  a  number 
of  shining  crackling  sparks  to  pass  from  his  scalp ;  and  this  pheno- 
menon continued  still  perceptible  after  a  three  weeks'  illness. — The 
most  remarkable  case  of  the  generation  of  Electricity  in  the  Human 
subject  at  present  known,  was  recorded  some  years  since  in  America,  f 
The  subject  of  it,  a  lady,  was  for  many  months  in  an  electric  state  so 
different  from  that  of  surrounding  bodies,  that  whenever  she  was  but 
slightly  insulated  by  a  carpet  or  other  feebly-conducting  medium, 
sparks  passed  between  her  person  and  any  object  she  approached;  when 
most  favourably  circumstanced,  four  sparks  per  minute  would  pass 
from  her  finger  to  the  brass  ball  of  the  stove  at  the  distance  of  1^  inch. 
From  the  pain  which  accompanied  the  passage  of  the  sparks,  her  con- 
dition was  a  source  of  much  discomfort  to  her.  The  circumstances 
which  appeared  most  favourable  to  the  generation  of  the  electricity, 
were  an  atmosphere  of  about  80°,  tranquillity  of  mind,  and  social  en- 
joyment ;  whilst  a  low  temperature  and  depressing  emotions  diminished 
it  in  a  corresponding  degree.  The  phenomenon  was  first  noticed 
during  the  occurrence  of  an  Aurora  Borealis ;  and  though  its  first 
appearance  was  sudden,  its  departure  was  gradual.  Various  experi- 
ments were  made,  with  a  view  of  ascertaining  if  the  electricity  was 
generated  by  the  friction  of  articles  of  dress  ;  but  no  change  in  these 
seemed  to  modify  its  intensity. 

*  Casper's  "  Wochensohrift,"  1849,  No.  15. 

f  "American  Journal  of  Medical  Scionces,''  January,  1838. 
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CHAPTER  XIII. 

OF  THE  FUNCTIONS  OF  THE  CEREBRO-SPINA L  NERVOUS  SYSTEM. 

1.  General  Summary. 

444.  The  Nervous  System  of  Man,  like  that  of  all  other  Animals,  is 
composed  of  ganglionic  centres  and  nerve-trunks ;  the  former  (Figs.  138, 
!  39)  being  essentially  composed  of  '  vesicular  substance,'  made-up  of 
cells  which  may  be  spheroidal,  fusiform,  caudate,  stellate,  or  of  almost 

Fig.  138.  Fig.  139. 


Microscopic  Ganglion  from  Heart  of  Frog.  Bipolar  Ganglionic  Cells  and  nerve-fibres 

from  ganglion  of  5th  Pair  in  Lamprey. 

ay  variety  of  shape;  the  latter  consisting  entirely  of  'nerve-fibres,' 
:<'hich,  in  their  most  completely  developed  state,  are  tubular.    If  the 
;ructure  of  an  ordinary  nerve  like  the  Median  be  examined,  it  will  be 
)und  to  consist  of  an  investing  membrane  of  connective  tissue,  or  peri- 
eurium,  in  which  small  vessels  and  nerves  ramify.    From  the  internal 
uface  of  this,  processes  are  given  off  which  divide  the  nerve  into 
nailer  bundles  or  funiculi.    On  further  dissection,  the  individual  fibres 
iay  be  separated  from  one  another,  and  in  the  perfectly  fresh  state 
ppear  as  clear,  transparent,  and  highly  refractile  threads,  in  which  no 
'ace  of  structure  can  be  discovered.   After  short  exposure  to  the  action 
air,  water,  and  other  re-agents,  a  kind  of  coagulation  occurs,  and  it  then 
I!  ppears  that  each  fibre  is  composed  of  a  very  delicate  sheath  or  neurilemma 
,  Fig.  140),  within  which  is  an  oleaginous  material  termed  the  white 
I  •  medullary  substance  of  Schwann  (2),  whilst  the  core  or  centre  is 
|  Tmed  by  an  albuminous  round  or  flattened  thread,  the  axis-cylinder, 
P  r  primitive  (3)  band.    In  the  substance  of  the  brain  and  spinal  cord, 
I  id  in  the  ultimate  peripheral  ramifications  of  the  nerves,  both  the 
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neurilemma  and  the  white  substance  of  Schwann  become  indistinct  or 
wholly  disappear,  whilst  the  axis  cylinder  has  been  observed 
Fig.  140.  to  break  up  into  fibrils  of  extreme  tenuity.    The  oleaginous 
composition  of  the  white  or  medullary  substance  is  shown 
by  its  ready  solubility  in  ether.      It  possesses  great  re- 
frangibility,  is  extremely  extensible,  but  inelastic,  and  of  a 
peculiar  viscid  nature,  so  that  when  its  continuity  is  inter- 
rupted it  has  little  or  no  tendency  to  return  to  its  original 
position.*     The  peculiar  appearances  it  presents  in  polarized 
light  have  led  Klebsf  to  maintain  that  it  consists  of,  or  con- 
8truc\ure°of  tams>  doubly-refracting  bodies  (crystalline  particles),  the  optic 
Nerve  Fibre,  axes  of  which  are  arranged  radially  to  the  primitive  band. 

The  cylinder-axis  is  insoluble  in  ether,  and  further  differs  from 
the  white  substance  of  Schwann  in  readily  staining  with  carmine.  The 
sympathetic  nerves  contain  fibres  that  are  of  a  paler  colour  than 
those  that  constitute  the  majority  of  the  cerebro-spinal  nerves,  they 
are  further  characterized  by  the  absence  of  a  double  contour,  and 
by  presenting  nuclei  in  their  course,  and  they  are  believed  by  some 
observers  to  consist  of  bundles  of  minute  fibrils.  The  diameter 
of  ordinary  nerve  fibres  varies  from  the  l-1500th  to  l-20,000th  in., 
but  the  ultimate  fibrils  above  alluded-to  do  not  exceed,  according  to 
Dr.  Beale,  l-50th  to  l-100,000th  of  an  inch.  Nerve  Cells  vary  much  in 
their  form,  size,  and  structure.  The  simpler  kinds  are  round  or  oval, 
the  larger  polygonal  and  stellate,  and  it  is  probable  that  all  possess  a 
nucleus,  and  give  off  prolongations,  that  either  intercommunicate  with 
the  processes  of  other  cells,  or  become  continuous  with  the  cylinder- 
axis  of  a  nerve-fibre  (a,  b,  Fig.  141),  gradually  acquiring  a  neurilemma, 


Fig.  141. 


Stellate  Ganglionic  Cell,  from  « substantia  ferrnginea'  of  Human  Brain ;  one  of  its  prolongations, 
a,  becoming  continuous  with  the  axis-cylinder  of  a  double-contoured  nerve-nbre,  o. 

*  See  Lockhart  Clarke's  '  Observations  on  the  Structure  of  Nerve-fibre,'  in  "  Journ. 
of  Mic.  Sci.,"  vol.  viii.  p.  1. 

f  Quoted  in  Kiihne's  "  Phys.  Chemie,"  1868,  p.  339. 
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nd  the  white  substance  of  Schwann.  In  some  instances,  as  in  the  cells 
f  various  parts  of  the  spinal  cord  (Fig.  1 42),  the  subdivision  and  ramifi- 
ation  of  the  prolongations  are  very  remarkable,  a  close  network  being 


Fig.  142. 


Stellate  Nerve  Cell,  from  the  nucleus 


Fig.  143. 


B 


)rmed  which  pervades  the  adjoining 
ortion  of  the  nervous  tissue.  In  the 
nnpathetic  ganglia  of  the  frog  and 
her  animals  Dr.  Beale,whose  researches 
ive  been  fully  confirmed  by  subse- 

lent  inquirers,  has  observed  nerve- 

Us  of  great  complexity  of  structure, 

e  chief  microscopic  features  of  which 

e  shown  in  Fig.  143a.    Such  cells  are 

rii'orm  and  nucleated,  and  from  their 
i.  inted  extremity  two  fibres  arise  (a,  b), 
i,iich,  on  reaching  the  nervous  bundle 

which  they  are   distributed,  run   in  cervicis  cornu  (posterior  vesicular  column) 

posite  directions,  thus  affording  some  ofa^us  of  six  months  x  420. 

oport  to  the  view  maintained  by  Dr.  Beale,  that  every  nerve  fibre, 

soever  long  its  cotirse  may  be,  is  a  loop  arising  in,  and  returning  to, 
I ;  same  cell.   One  of  the  fibres  (a)  is 
[  ially  straight,  penetrates  into  the 
kerior  of  the  cell,  and  appears  like 
twalk  to  the  cell ;  the  other  (b),  which 
I  sometimes  double  at  first,  seems  to 
I  ?e  from  the  exterior  of  the  cell,  and 
I  ids  spirally  for  two  or  three  times 
I  .nd  the  former.   Both  fibres  at  first 
i  smble  the  cylinder-axis  of  ordinary 
Itve-fibres,   and  both  may  subse- 
•ntly  become    dark-bordered,  or 
vain  pale,  fibres.    The  spiral  fibres 
j  r  large  oblong  nuclei    in  their 
rse.     The  descriptions  given  by 
|:iold  and  Courvoisier  are  in  ac- 

i  lance  with  that  by  Dr.  Beale, 

I  3pt  that  they  state  they  have  traced 

^raight  fibre  into   the   nucleus,  ^uctrve  of  Ganglionic  Nerve  Cell. 

i      °  .  .  '  A.  According  to  Dr.  Beale. 

f  tbe  Spiral  fibre  into  a  pleXUS  On  B.  According  to  Arnold. 

:  exterior  of  the  cell,  but  which  may  ultimately  be  traced  into  the 
|  eolus  (Fig.  143  b),  so  that  the  two  fibres  are  continuous  with  one 
I' her  through  the  nucleus  and  nucleolus.  The  whole  cell  is  in- 
|:3d  by  a  capsule  of  connective  tissue,  with  corpuscles  scattered 
uugh  it.* 

/|  15.  All  our  knowledge  of  the  structure  and  endowments  of  the 
I  "honic  centres  and  nerve  trunks  renders  it  probable  that  they  bear 
I  nplementary  relation  to  each  other  ;  the  Vesicular  substance  having 
1  ts  office  to  originate  changes,  which  it  is  th  e  function  of  the  Fibrous 

I  -'or  a  fuller  description  of  these  structures,  see  Quain  and  Sharpey's  <:  Introd.  to 

II  J   P-  cxliii. ;  Dr.  Beale,  "  Philosoph.  Transact.,"  1863,  p.  543;  Courvoisier, 
ralblatt,"  No.  57,  1867 ;  Frantzel,  Virchow'a  "  Archiv,"  1867,  Bd.  xxxviii. 

Arnold,  Id.,  Bd.  xli.  p.  178. 
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to  conduct.  And  thus,  by  means  of  the  extensive  ramifications  of  the 
nerve-trunks,  and  the  power  of  instantaneous  transmission  which  they 
possess,  almost  every  part  of  the  body  is  brought  into  such  close 
relation  with  the  central  Sensorium,  that  impressions  made  even  at  the 
points  most  remote  from  it  are  immediately  felt  there  (provided  the 
nervous  communication  be  perfect)  ;  while  the  influence  of  Mental  states 
in  determining  movements,  is  exerted  no  less  speedily  and  surely  upon 
the  muscular  apparatus.  For  the  transmission  of  these  two  sets  of  im- 
pressions, the  '  centripetal '  and  the  '  centrifugal,'  two  distinct  sets  of 
fibres  are  provided,  neither  of  which  is  capable  of  taking-on  the  func- 
tion of  the  other ;  these  are  termed  respectively,  the  afferent  and  the 
efferent*  Of  the  mode  in  which  the  former  terminate  in  the  central 
organs  towards  which  they  pass,  and  in  which  the  latter  commence  their 
course  in  these  same  organs,  no  general  statement  can  as  yet  be  made ; 
but  it  is  quite  certain  that,  in  many  instances,  there  is  an  absolute  con- 
tinuity from  one  form  of  nerve-tissues  to  the  other. 

446.  Regeneration  of  Nervous  Stwcture. — If  a  nerve  be  divided  by  a 
sharp  instrument,  and  the  ends  placed  in  apposition,  they  will  rapidly 
re-unite,  with  complete  restoration  of  function,  f  The  union  is  accom- 
plished by  the  effusion  of  gelatinous  lymph,  in  which  connective-tissue 
and  elastic  fibres  form,  by  winch  the  continuity  of  the  peri-neurium  is 
restored.  Bipolar  cells  are  developed  within  this  sheath,  the  processes 
of  which  unite  to  form  the  axis-cylinders  of  new  nerves  ;  the  medullary 
sheath  being  subsequently  developed  around  them.  The  time  that 
elapses  before  the  newly-formed  tissue  can  fulfil  the  function  of  a  nerve 
in  transmitting  sensory  and  motor  impulses  is  given  by  various  authors 
at  from  7 — 15  days  for  the  first  traces,  and  30  or  40  days  for  complete 
return  of  sensation  and  motion.  J  According  to  Schiff,§  regeneration  o 
the  pneumogastrics  may  occur  even  when  two  inches  have  been  excise 
It  is  questionable  whether,  after  extirpation  of  a  ganglion,  new  ganglioni 
corpuscles  can  be  formed ;  yet,  in  Brown- Sequard's  experiments  upoi 
pigeons,  it  was  found  that  the  whole  spinal  cord  would  re-xinite  aftei 
division,  with  almost  complete  restoration  of  function.  The  distal  ex- 
tremity of  a  nerve  separated  from  its  centre  by  section  undergoes  fattj 
degeneration, ||  whilst  the  proximal  portion  retains  for  a  considerate 
period  its  normal  characters,  indicating,  according  to  Waller,  that  tlx 
ganglion  cell  with  which  it  is  in  relation  exercises  a  certain  influenc 
over  its  nutrition. 

447.  As  regards  the  chemistry  of  the  Nerves,  it  has  been  foundth 
the  Brain  contains  about  75  per  cent,  of  water,  and  25  of  solid  residu 
of  which  about  15  parts  consist  of  fatty  substances,  7"5  of  albumino 
compounds,  1*5  of  salts,  and  1  of  extractive  matters.    The  proportio 
of  these  constituents,  however,  are  different  in  other  parts  of  the  nervo 

*  The  'afferent'  nerves  are  commonly  designated  sensory;  but  this  is  not  stric 
correct,  since  they  frequently  convey  impressions  which  do  not  give  rise  to  sensatio 
The  '  efferent'  nerves,  in  like  manner,  though  generally  motor,  are  by  no  mea 
necessarily  so.  .  n 

+  Hjelt-Otto,  Virchow's  "  Archiv,"  xix.  p.  352,  and  E.  Oehl,  "  Sul  processo 


Eigenerazione  dei  Nervi  recisi.''    Pavia,  1864,  8vo. 
X  Descot,  "  These  Inaugurale,''  1822;  Paget,  "  Surgical  Pathology. 
§  Vierordt,  "  Physiologie,"  1861,  p.  44. 
||  See  Schiff,  "  Physiologie,"  p.  iii. 
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•stem  ;  the  amount  of  water,  for  instance,  varying  from  70  (in  the 
hite)  to  85  per  cent,  (in  the  grey  substance).    The  fat  contained  in 
e  grey  matter  is   always  much  smaller  than  that  in  the  white, 
ne  of  the  chief  constituents  of  the  cerebral  substance  is  Protagon, 
e  characters  of  which  have  been  already  described  (§  53).*  Be- 
ies  this,  the  following  substances  are  enumerated  by  v.  Gorup- 
^sanez,f  an  albuminous  substance  resembling  Syntonin,  a  substance 
alogous  to  Elastin,  small  quantities  of  a  soluble  albuminous  substance, 
-osite,  Sarkin,  Xanthin,  Kreatin,  Lactic,  Uric,  and  Phosphoric  acids, 
<1  their  combinations  with  Potash,  Lime,  and  Magnesia;  Silicic  Acid, 
ride  of  Iron,  small  quantities  of  Alkaline  Sulphates,  and  lastly, 
loride   of  Sodium.     The  quantity  of  Phosphorus  is  very  large, 
ounting,  according  to  Borsarelli,J  to  from  1*352  to  1*790  per  cent. 
■  rfectly  fresh  nerves,  when  at  rest,  possess  a  neutral  reaction. 
118.  As  regards  the  general  relations  of  the  principal  Centres  of  the 
rvous  System  of  Man,  it  is  only  requisite  here  to  remark,  that  those 
\  tch  make  up  the  Cerebro-Spinal  portion  of  the  apparatus  have  such 
j  intimate  structural  relation  to  each  other,  and  so  much  more  frequently 
|.  consentaneously  than  separately,  that,  notwithstanding  the  abundant 
Ldence  of  the  diversity  of  their  respective  endowments,  there  is  con- 
[:  arable  difficulty  in  the  determination  of  their  special  functions ;  since 
:  destruction  or  removal  of  any  one  portion  of  the  Nervous  system,  not 
i  f  puts  a  stop  to  the  phenomena  to  which  that  portion  is  directly  sub- 
l  dent,  but  so  deranges  the  general  train  of  nervous  activity,  that  it 
I  n  becomes  impossible  to  ascertain,  by  any  such  method,  what  is  its 
'   share  in  the  entire  performance. — In  this  difficulty,  however,  we  may 
j  antageously  have  recourse  to  the  study  of  the  structure  and  actions  of 
I  se  forms  of  the  Nervous  System  presented  to  us  among  the  lower 
rials,  in  which  its  ganglionic  centres  are  fewer  and  less  intimately  con- 
I  ed,  and  in  which,  therefore,  it  is  more  easy  to  gain  an  acquaintance 
i  their  several  endowments.    And  from  an  extensive  survey  of  these, 
■eem  able  to  deduce  the  following  conclusions,  which  afford  the  most 
liable  guidance  in  the  study  of  the  Nervous  System  of  Man  :§ — 

The  Nervous  System-,  in  its  lowest  and  simplest  form,  may  consist 
ft  at  a  single  ganglionic  centre,  ||  with  afferent  and  motor  nerves,  whose 

I  tion  is  essentially  internuncial ;  impressions  made  upon  the  afferent 
>|>s  exciting  respondent  or  "  reflex"  movements  in  the  muscles  supplied 

i/  he  motor,  without  any  necessary  intervention  of  consciousness. — 

I I  movements  are  properly  distinguished  as  excito -motor. 

\  I  lecithin,  -which  is  there  stated  to  be  one  of  the  products  of  the  disintegration  of 
if  gon,  has  recently  been  investigated  by  Diaconow  ("  Centralblatt,"  1868,  p.  3), 
?\  onfers  upon  it  the  suggestive  but  weighty  title  of  Distearyl-glyceryl-phosphate  of 
,;|  ithyl-oxaethyl-ammonium,  -with  the  formula  C44H90NPO9  +  Aq.    He  thinks  the 

•1  ihorus  in  Liebreich's  Protagon  due  to  the  presence  of  a  small  portion  of  Lecithin. 
I  Phys.  Chemie,"  p.  624. 

I  Syd.  Soc.  Year-book,"  1861,  p.  32. 

iJ  °r  a  pnera'  ™w  °f  tQe  facts  on  which  these  conclusions  are  based,  see  "  Princ. 
Pt  ap.  Phys.,"  chap.  xiii. 

I  "■  may,  perhaps,  be  doubted  whether  any  Animal  really  exists,  possessing  such  a 
tl  1S-  8y?tem>  and  yet  not  endowed  with  consciousness.  It  is  quite  certain,  however, 
r I, "?   .  8  d°  exi8t  (the  Tunicated  Mollusca  for  example),  in  which  the  actions  above 

r  u-to  are  the  only  ones  of  which  we  have  any  distinct  evidence  from  observation 
"{  r  habits. 
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n.  A  simple  repetition  of  such  ganglionic  centres  may  exist  to  anv 
extent,  without  heterogeneousness  of  function,  or  any  essential  departure 
from  the  mode  of  action  just  indicated ;  each  of  these  centres  may  be 
specially  connected  by  afferent  or  motor  fibres  with  one  segment  or  divi- 
sion of  the  body,  and  may  minister  peculiarly  to  its  actions ;  but  the 
several  centres  may  be  so  intimately  connected  by  commissural  fibres 
that  an  impression  made  upon  the  afferent  nerves  of  any  one  of  them 
may  excite  respondent  motions  in  other  segments. — This  we  see  effected 
through  the  annular  gangliated  cord  of  the  higher  Radiata,  and  through 
the  longitudinal  gangliated  cord  of  the  Articulata;  the  disposition  of  the 
ganglia  and  of  their  connecting  cords,  having  reference  simply  to  the 
general  plan  of  the  body. 

in.  A  higher  form  of  Nervous  System  is  that  in  which  the  multiplica- 
tion of  ganglionic  centres  has  reference,  not  to  the  multiplication  of 
similar  parts  which  are  to  be  alike  supplied  with  nervous  power,  but  to 
the  exercise  of  a  diversity  of  functions,  through  the  instrumentality  of 
different  structures  :  thus,  in  the  higher  Articulated  and  Molluscous 
tribes,  we  find  ganglionic  centres  specially  set  apart  for  the  actions  of 
deglutition  and  respiration,  as  well  as  for  those  of  locomotion ;  but  their  I 
modus  operandi  is  still  the  same,  these  actions  being  all  1  excito-motor,' 
that  is,  being  performed  through  the  '  reflex'  agency  of  their  several 
ganglionic  centres,  without  the  necessary  intervention  of  consciousness.) 
These  centres  are  connected  with  each  other  commissurally,  when  thejn 
are  required  to  act  with  consentaneousness  ;  and  it  is  frequently  to  bd 
observed  in  the  most  developed  forms  of  each  type,  that  they  come  intd 
actual  coalescence,  their  functional  distinctness  being  still  indicated,  how] 
ever,  by  the  distribution  of  their  nerve-trunks. 

iv.  In  all  but  the  very  lowest  Invertebrata,  the  Nervous  System  inj 
eludes,  in  addition  to  the  foregoing,  certain  ganglionic  centres,  situate! 
in  the  neighbourhood  or  the  entrance  to  the  digestive  cavity,  and  conl 
nected  with  organs,  which,  from  their  more  or  less  close  resemblancj, 
to  our  own  instruments  of  special  sense,  we  conclude  to  be  organs  oj 
sight,  smell,  hearing,  &c.    Now  as  we  know  from  our  own  experience) 
that  impressions  made  upon  these  organs  produce  no  influence  on  oul 
actions  unless  we  become  conscious  of  them,  and  as  the  Invertebratj 
possess  no  distinct  ganglionic  centres  of  a  higher  character,  it  seems  1 
be  a  legitimate  inference,  that  these  1  sensorial'  ganglia  are  the  mstn  P 
ments  by  which  the  animals  furnished  with  them  are  rendered  cognizai  g 
of  such  impressions,  and  through  which  the  sensations  thus  called  in  j 
existence  serve  to  prompt  and  direct  their  movements.    What  is  cor 
monly  designated  as  the  '  brain'  of  Invertebrata  (more  properly  th 
'  cephalic  ganglia')  cannot  be  shown  to  consist  of  anything  else  than 
assemblage  of  sensorial  centres ;  and  its  actions  appear  to  be  entirely 
a  '  reflex'  character,  such  of  the  movements  of  these  animals  as  are 
excito-motor,  being  performed  (there  is  strong  reason  to  believe) 
direct  respondence  to  sensations  excited  by  internal  or  external  i 
pressions.    Such  movements,  therefore,  may  be  designated  as  sen  so 
motor,  or  consensual.   Like  the  preceding,  they  do  not  appear  to  invo 
the  participation  either  of  Emotion,  Reason,  or  Will ;  and  the  prop 
tion  which  they  bear  to  the  actions  of  the  excito-motor  kind,  seems 
correspond  pretty  closely  with  the  relative  development  of  the  cep 
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nglia  and  of  the  rest  of  the  nervous  system,  as  is  very  obvious  when 
3  larva  and  imago  states  of  Insects  are  compared. — However  dis- 
rated the  various  '  excito-motor'  centres  may  be  amongst  each  other, 
uniformly  find  them  connected  with  the  1  sensory'  ganglia  by  com- 
ssural  tracts ;  and  this  anatomical  fact,  with  many  phenomena  which 
servation  and  experiment  upon  their  actions  have  brought  to  light, 
kes  it  apparent,  that  besides  the  reflex  actions  which  are  performed 
ough  their  own  direct  instrumentality,  the  sensory  ganglia  have  a 
I  ticipation  in  those  performed  through  other  ganglionic  centres.  Thus 
I  eenis  probable  that  a  stimulus  transmitted  downwards  from  the  sen- 
I  y  ganglia,  to  one  of  the  ganglia  of  the  trunk  of  a  Centipede,  excites 
I  efferent  nerves  of  that  ganglion  to  call  into  contraction  the  muscles 
plied  by  them,  just  as  the  excitor  influence  arriving  at  that  ganglion 
I  ough  its  own  afferent  nerves  would  do. 

49.  The  whole  Nervous  System  of  Invertebrated  Animals,  then, 
I V  be  regarded  as  ministering  entirely  to  purely-reflex  action  ;  and  its 
Itiest  development,  as  in  the  class  of  Insects,  is  coincident  with  the 
!  lest  manifestations  of  the  '  instinctive'  powers,  which,  when  carefully 
mined,  are  found  to  consist  entirely  in  movements  of  the  excito- 
or  and  sensori-motor  kinds.     When  we  attentively  consider  the 
oLits  of  these  animals,  we  find  that  their  actions,  though  evidently 
Soted  to  the  attainment  of  certain  ends,  are  very  far  from  evincing  a 
^1  pied  adaptation  on  the  part  of  the  beings  that  perform  them,  such 
luat  of  which  we  are  ourselves  conscious  in  our  own  voluntary  move- 
Its,  or  which  we  trace  in  the  operations  of  the  more  intelligent 
ebrata.    For  in  the  first  place,  these  actions  are  invariably  per- 
|,  .ed  in  the  same  manner  by  all  the  individuals  of  a  species,  when 
t  conditions  are  the  same ;  and  thus  are  obviously  to  be  attributed 
,  Mr  sr  to  a  uniform  impulse,  than  to  a  free  choice ;  the  most  remarkable 
lples  of  this  being  furnished  by  the  economy  of  Bees,  Wasps,  and 
t  r  '  social'  Insects,  in  which  every  individual  of  the  community  per- 
j  s  its  appropriate  part,  with  the  exactitude  and  method  of  a  perfect 
line.    The  very  perfection  of  the  adaptation,  again,  is  often  of  itself 
■  fficient  evidence  of  the  unreasoning  character  of  the  beings  which 
]lnrm  the  work;  for,  if  we  attribute  it  to  their  own  intelligence,  we 
ip  admit  that  this  intelligence  frequently  equals,  if  it  does  not  surpass, 
M  of  the  most  accomplished  Human  reasoner.*     Moreover,  these 
t|;  itions  are  performed  without  any  guidance  from  experience ;  for  it 
(J  >e  proved  in  many  cases,  that  it  is  impossible  for  the  beings  which 
*l  ite  them  to  have  received  any  instruction  whatever ;  and  we  see 
|  they  do  not  themselves  make  any  progressive  attempts  towards 
I  ction,  but  that  they  accomplish  their  work  as  well  when  they  first 
a| "  themselves  to  it,  as  after  any  number  of  repetitions  of  the  same 
?l    It  is  interesting  to  observe,  moreover,  that  as  these  instinctive 
I  .tions  vary  at  different  periods  of  life,  so  there  is  a  corresponding 
M  .ion  in  the  structure  of  the  Nervous  system.    Thus  we  see  that,  in 
rva  of  the  Insect,  these  operations  are  entirely  directed  towards 
'1  quisition  of  food ;  and  its  organs  of  sense  and  locomotive  powers  are 
1 30  far  developed  as  to  serve  this  purpose.    But  in  the  imago  or 

*  See  "  Princ.  of  Comp.  Phys.,"  4th  edit.,  p.  694. 
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perfect  Insect,  the  primary  object  is  the  continuance  of  the  race;  and 
the  sensorial  and  motor  endowments  are  adapted  to  enable  the  indi- 
vidual to  seek  its  mate,  and  to  make  preparations  (frequently  of  a  most 
elaborate  kind)  for  the  nurture  of  the  offspring. — Hence  we  can  scarcely 
fail  to  arrive  at  the  conclusion,  that  the  adaptiveness  of  the  instinctive 
operations  of  Insects,  &c,  lies  in  the  original  construction  of  their 
nervous  system,  which  causes  particular  movements  to  be  executed  inl 
direct  respondence  to  certain  impressions  and  sensations.    And  thisl 
view  is  confirmed  by  the  comparison  of  such  movements  with  those! 
which,  in  the  Human  subject,  are  most  directly  concerned  in  the  main-l 
tenance  of  the  life  of  the  individual,  and  in  the  perpetuation  of  the  race! 
For  we  have  the  evidence  of  our  own  consciousness  in  regard  to  these,  that  j 
however  obvious  their  purpose  may  be,  and  however  complete  theirr 
adaptation  to  that  purpose,  they  are  performed,  not  with  any  notion  ofj 
that  purpose,  but  at  the  prompting  of  an  irresistible  impulse  which  isj 
not  only  independent  of  all  intelligent  appreciation  of  the  result,  but! 
may  produce  its  effect  without  even  affecting  the  consciousness  of  thai 
agent.    Thus  the  infant  seeks  the  nipple,  and  puts  its  muscles  intd 
suctorial  action,  without  any  knowledge,  derived  from  experience,  thai , 
by  so  doing  it  will  relieve  the  uneasy  feeling  of  hunger ;  and  if  we  could 
imagine  a  man  coming  into  the  world  with  the  full  possession  of  all  hii 
faculties,  we  may  feel  tolerably  certain  that  he  would  not  wait  to  eat  j 
until  he  had  learned  by  experience  his  dependence  upon  food.  W»J 
shall  see  that  adult  animals  whose  Cerebral  hemispheres  have  beeJjj 
removed,  will  eat  food  that  is  put  into  their  mouths,  although  they  wif  :'i 
not  go  to  seek  it ;  and  this  is  the  case  with  many  Human  idiots.  Whel/ 
the  functions  of  the  Brain  are  destroyed,  or  in  partial  abeyance,  as  m 
fever,  we  often  observe  a  remarkable  return  to  the  instinctive  propeni  I 
sities  in  regard  to  food;  and  the  Physician  frequently  derives  irnportai*,, 
guidance  with  respect  to  the  patient's  diet  and  regimen  (particularly  a 
to  the  administration  of  wine),  from  the  inclination  or  disinclinatiofij 
which  he  manifests.    So,  in  regard  to  the  intercourse  of  the  sexes,  tlj 
impulse  which  prompts  to  it  does  not  arise  from  a  knowledge  of  tli 
ultimate  purposes  which  it  is  designed  to  answer ;   and  the  high 
powers  of  the  mind  are  only  so  far  concerned  in  it,  that  when  the  acti 
of  the  instinctive  impulse  has  led  to  the  formation  of  a  definite  idea  of  t 
object  of  desire,  the  Intelligence  is  prompted  to  take  means  for 
gratification.* 

450.  Thus,  then,  the  type  of  psychical  perfection  among  Invertebra 
animals,  which  is  manifested  in  the  highest  degree  in  the  Social  Inse 
consists  in  the  exclusive  development  of  the  Instinctive  faculty— that 
of  automatic  powers  of  a  very  simple  kind ;  in  virtue  of  which,  e- 
individual  performs  those  actions  to  which  it  is  directly  prompted  by 

*  We  have  not,  perhaps,  any  right  to  affirm  that  there  is  nothing  whatever  anal'1, 
in  the  Invertehrata  to  the  Keasoning  powers  and  Will  of  higher  animals;  but  it 
faculties  have  any  existence  among  them,  they  must  be  regarded  as  in  a  merer)  r 
mentary  state,  corresponding  with  the  undeveloped  condition  of  the  yere™V 
only  distinct  indication  of  intelligence  displayed  by  Invertebrata,  is  the  slignt 
of  capacity  of  "learning  by  experience"  which  some  of  them  display;  this  cip 
being  limited  to  the  mere  formation  of  associations  between  the  psycnica  ^ 
called-up  by  different  objects  of  sense,  which  we_  observe  to  be  the  first  stage 
development  of  the  mental  powers  in  the  Human  infant. 
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impulses  arising  out  of  impressions  made  upon  its  afferent  nerves,  without 
anv  self-control  or  self-direction  ;  so  that  it  must  be  regarded  as  entirely 
[  a  creature  of  necessity,  performing  its  instrumental  part  in  the  economy 
[  of  Nature  from  no  design  or  will  of  its  own,  but  in  accordance  with  the 
[  plan  originally  devised  by  its  Creator. 

451.  On  turning  to  the  Vertebrated  series,  on  the  other  hand,  we  find 
:  that  its  type  of  psychical  perfection — as  shown  in  Man — consists  in  the 
I  highest  development  of  the  Reason,  and  in  the  supreme  domination  of  the 
Will,  to  which  all  the  '  automatic'  actions,  save  those  which  are  absolutely 
i-sssential  to  the  maintenance  of  the  Organic  functions,  are  brought  under 
i  subjection ;  so  that  each  individual  becomes  not  only  a  thinking  and 
|  reflecting,  but  a  self-moving  and  self-controlling  agent,  whose  actions 
:  ire  performed  with  a  definite  purpose  which  is  distinctly  before  his  own 
new,  and  are  adapted  to  the  attainment  of  their  end  by  his  own  intelli- 
\  rence.    This,  however,  is  only  true  of  Man  in  his  most  elevated  state  ; 

md  not  only  in  ascending  the  Vertebrated  scale,  but  also  in  watching 
hLhe  progressive  evolution  of  his  mental  faculties  during  the  earlier  periods 
\  if  his  life,  may  we  trace  a  regular  gradation,  from  a  condition  but  little 
if  at  all)  in  advance  of  that  of  the  higher  Invertebrata,  up  to  that  which 
I  3  displayed  in  the  noblest  examples  of  Humanity.    Through  the  entire 
Iteries,  however,  we  perceive  that  the  Excito-motor  and  Sensori-motor 
I  ortion  of  the  Nervous  system  (§  454)  constitutes  its  fundamental  and 
I  E  ssential  part ;  serving  not  merely  as  the  instrument  whereby  those 
i  u  ctions  are  performed,  which  are  as  necessary  among  the  higher  animals 
:  3  they  are  among  the  lower,  for  the  maintenance  of  the  Organic  functions; 
[  |t  ut  also  as  the  immediate  recipient  of  all  those  impressions  from  without, 
1  y  which  the  higher  operations  of  Mind  are  excited,  and  as  the  executant 
|  f  the  actions  which  proceed  from  them.    But  as  we  ascend  the  Verte- 
'   rated  scale,  or  as  we  watch  the  progressive  psychical  development  of 
fc  ie  Infant,  we  find  it  becoming  more  and  more  obvious  that  the  actions 
,  'e  prompted,  not  so  much  by  simple  sensations,  as  by  ideas  or  notions 
|  the  objects  to  which  they  relate ;  these  ideas  being  founded,  in  a  large 
"L'oportion  of  instances,  upon  the  results  of  past  experience,  and  the 
urse  of  action  being  shaped  in  accordance  with  it.    In  the  acts  of 
i  Umals  of  a  still  higher  grade,  as  in  those  of  the  Child,  we  can  scarcely 
J 1  to  perceive  the  manifestation  of  reasoning  processes  analogous  to  those 
!  uch  we  ourselves  perform,  and  the  expressions  of  some  of  those 
•otional  states  of  which  we  are  ourselves  conscious.  The  superaddition 
i  these  more  elevated  endowments,  in  the  Vertebrated  series,  is  coinci- 
nt  with  the  addition  of  a  peculiar  ganglionic  centre,  the  Cerebrum,  to 
I  3  Sensori-motor  apparatus ;  and  the  relative  proportion  which  the 
I  •mer  bears  to  the  latter,  both  as  to  size  and  to  complexity  of  structure, 
"responds  so  closely  with  the  degree  of  predominance  which  the  Intelli- 
1  ace  possesses  over  the  Instinctive  propensities,  that  it  is  scarcely 
1  ?sible  to  doubt  that  the  Cerebrum  is  the  instrument  through  which 
I  s  higher  form  of  psychical  power  is  exercised.   Much  of  this  exercise, 
*vever,  may  still  be  automatic  in  its  nature;    for  so  long  as  the 
e  renti  °f  thought  and  feeling  flows-on  in  accordance  with  the  direct 
I  'mptings  of  Suggestion,  and  without  any  interference  from  Volition, 
I  y  it  be  considered  as  a  manifestation  of  the  '  reflex  '  activity  of  the 
I  -ebrum,  which  takes  the  form  of  a  mental  instinct.  This  reflex  activity 


512 


FUNCTIONS  OF  THE  CEREBRO-SPINAL  NERVOUS  SYSTEM. 


manifests  itself  not  only  in  the  psychical  operations  themselves,  but  also 
in  muscular  movements ;  and  these,  when  they  proceed  from  simple  ideas 
without  any  excitement  of  feeling,  may  be  designated  as  ideo-motor : 
whilst  if  they  spring  from  a  passion  or  emotion,  they  are  termed 
emotional.  The  mental  instincts,  however,  are  by  no  means  as  invariable 
in  the  different  individuals  of  the  same  species,  as  are  what  may  be 
termed  the  physical  Instincts  of  that  inferior  part  of  the  nervous 
apparatus,  which  is  more  closely  connected  with  the  maintenance  of  the 
Organic  life ;  the  particular  changes  which  any  given  suggestions  will 
excite  in  each,  being  partly  determined  by  original  constitution,  and 
partly  by  acquired  habits. 

452.  The  superiority  of  the  Mind  of  Man  over  that  of  the  most 
elevated  among  the  lower  animals,  consists  not  only  in  the  far  greater 
variety  and  range  of  his  faculties,  but  yet  more  in  that  dominant  power 
of  the  Will,  which  enables  him  to  utilize  them  with  the  highest  effect. 
In  so  far  as  the  course  of  his  thoxights  and  feelings  is  the  mere  result  of 
the  action  of  external  impressions  upon  an  organization  having  certain 
respondent  tendencies,  must  he  be  considered  as  irresponsible  for  his 
actions,  his  character  being  formed  for  instead  of  by  him  :  but  in  so  far 
as  he  can  exert  a  Volitional  power  of  directing  his  thoughts  and  con- 
trolling his  feelings,  may  he  rise  superior  to  circumstances,  make  the 
most  advantageous  use  of  the  Intellectual  faculties  with  which  he  ma 
be  endowed,  and  bring  his  Moral  character  more  and  more  into  accord 
ance  with  the  highest  type  which  his  nature  may  be  capable  of  attainin 
in  its  present  sphere  of  existence.    Notwithstanding  the  evidences  o 
rationality  which  many  of  the  lower  animals  present,  and  the  manifes 
tations  which  they  display  of  emotions  that  are  similar  to  our  own,  then 
is  no  ground  to  believe  that  they  have  any  such  controlling  power ;  01 
the  contrary,  all  observation  seems  to  lead  to  the  conclusion,  that  the] 
are  under  the  complete  domination  of  the  ideas  and  emotions  by  whicl 
they  may  be  for  the  time  possessed,  and  have  no  power  either  of  re 
pressing  these  by  a  forcible  act  of  Will,  or  of  turning  the  attention,  by 
like  voluntary  effort,  into  another  channel.    In  this  respect,  then,  the: 
condition  resembles  that   of  the  Dreamer,  the  Somnambule,  or  th 
Insane  patient,  in  all  of  whom  this  voluntary  control  is  suspended,  ani 
who  (when  their  minds  are  susceptible  of  external  impressions)  may  tj 
so  'played  upon'  by  the  suggestion  of  ideas,  that  any  respondent  actio! 
consistent  with  the  ordinary  mental  state  of  the  individual  may  be  evokej 
by  an  appropriate  stimulus ;  just  as  we  see  in  the  case  of  animals  thj  : 
are  trained  to  the  performance  of  particular  sets  of  movements,  whir 
are  executed  in  respondence  to  certain  promptings  conveyed  to  thej 
through  their  sensorium.    Now  between  the  complete  want  of  this  cor 
trolling  power  of  the  Will,  and  the  most  perfect  possession  of  it;  eye 
intermediate  gradation  is  presented  by  the  several  individuals  win 
make  up  the  Human  species  ;  some  persons  being  so  much  accustom 
in  consequence  of  the  weakness  of  their  Will,  to  act  directly  upon  t 
prompting  of  every  transient  impulse,  that  they  can  scarcely  be  said 
be  voluntary  agents;   and  others  allowing  certain  dominant  ideas 
habitual  feelings  to  gain  such  a  mastery  over  them,  as  to  exercise 
determining  power  which  the  Will  alone  ought  to  exert.    This  gra 
tion  may  be  perfectly  traced  in  children,  in  whose  education  t  e 
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velopment  of  the  faculty  of  'self-control'  should  be  a  leading  object; 
aid  it  is  also  displayed  in  certain  phases  of  mental  Imbecility,  which 
•esult  from  a  deficiency  of  the  power  of  voluntarily  fixing  the  attention 
ipon  any  object  of  consciousness,  and  of  thus  withdrawing  it  either 
rom  external  objects  that  tend  to  distract  the  mind,  or  from  notions  it 
aas  adopted  which  hold  it  in  subjection. 

453.  When  we  apply  ourselves  to  the  study  of  the  Cerebro-Spinal 
Nervous  centres  of  Man,  we  find  ourselves  peculiarly  liable  to  be  misled 
.>y  the  great  development  which  the  Cerebrum  presents,  both  as  to  size 
,nd  to  complexity  of  structure,  in  proportion  to  the  other  centres ;  and 
bus  it  has  happened  that,  through  the  too  exclusive  attention  commonly 
•aid  to  Human  Anatomy,  the  meaning  of  the  facts  brought  to  light  by 

action  has  been  very  commonly  misapprehended,  and  many  of  the 
hysiological  interpretations  based  upon  them  have  been  completely 
egatived  by  more  extended  inquiry. — It  is  only,  in  fact,  by  studying 
ie  Cerebro-Spinal  apparatus  in  its  lowest,  as  well  as  in  its  highest  form, 
ad  by  bringing  the  intervening  grades  into  comparison  with  both 
xtremes,  that  it  is  possible  to  establish  what  are  its  fundamental  or 

ntial,  and  what  its  accessory  parts ;  and  in  this  way  only  can  such  a 
n-respondence  be  established  between  the  development  of  a  particular 
ructure  and  the  manifestation  of  a  psychical  endowment,  as  may 
i;tble  the  latter  to  be  attributed  with  any  degree  of  probability  to  the 
<rmer.  In  fact  there  is  no  part  of  the  Human  Organism,  as  to  which 
.e  advantages  of  such  a  comparison  are  so  striking,  or  in  which  the  value 
the  "  experiments  ready  prepared  for  us  by  Nature"  is  so  much  above 
at  of  the  results  of  artificial  mutilations. 

454.  Cerebro-Spinal  Nervous  Centres. — Under  the  guidance,  then,  of 
ese  principles,  we  find  that  we  may  distinguish,,  as  the  fundamental 

Itixt  of  the  Cerebro-Spinal  apparatus  of  Man,  the  Cranio-Spinal  Axis, 
I  nsisting  of  the  Spinal  Cord,  the  Medulla  Oblongata,  and  the  Sensory 
I.  inglia,  and  altogether  constituting  the  centre  of  automatic  movement. 
I  -The  Spinal  Cord,  consisting  of  a  tract  of  vesicular  matter  enclosed 
\  thin  strands  of  longitudinal  fibres,  and  giving-off  successive  pairs  of 
j  -ervertebral  nerves  which  are  connected  at  their  roots  with  both  of 
l«ese  components,  is  obviously  homologous  with  the  gangliated  ventral 
I  lumn  of  the  Articulata,  chiefly  differing  from  it  in  the  continuity  of 
1.2  ganglionic  substance  which  occupies  its  interior  ;  and  each  segmental 
i  vision  of  it,  which  serves  as  the  centre  for  its  own  pair  of  nerves,  may 
|  considered,  like  each  ganglion  of  the  ventral  column  of  the  Articulata, 
a  repetition  of  the  single  £  pedal'  or  locomotive  ganglion  of  the 
I  Jlrasca. — The  Medulla  Oblongata  consists  of  a  set  of  strands,  which 
I  tentially  correspond  with  the  cords  that  pass  round  the  oesophagus  in 
I  vertebrated  animals,  connecting  the  cephalic  ganglia  with  the  first 
b-cesophageal  ganglion ;  but  as  the  whole  cranio-spinal  axis  in  the 
j  irtebrata  lies  above  the  alimentary  canal  (the  trunk  being  supposed  to 
m  a  horizontal  position),  there  is  no  such  divergence  of  these  strands, 
'■  only  separation  between  them  being  that  which  is  known  as  the 
nth  ventricle.'    Interposed  among  the  commissural  fibres  of  the 
|  dulla  Oblongata,  however,  are  certain  collections  of  vesicular  matter, 
I  ich  serve  as  the  ganglionic  centres  for  the  movements  of  respiration 
I   deglutition,  and  which  thus  correspond  with  the  '  respiratory'  and 
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'  stomato-gastric'  ganglia  of  Invertebrated  animals.  This  incorporation 
of  so  many  distinct  centres  into  one  system,  would  seem  destined  in 
part  to  afford  to  all  of  them  the  protection  of  the  vertebral  column  • 
and  in  part  to  secure  that  consentaneousness  of  action  and  that  ready 
means  of  mutual  influence,  which  are  peculiarly  requisite  in  beings  in 
whom  the  activity  of  the  Nervous  system  is  so  predominant.  Thus  the 
close  connection  which  is  established  in  the  higher  Vertebrated  animals 
between  the  respiratory  and  the  general  locomotive  apparatus,  is  ob- 
viously subservient  to  the  use  which  the  former  makes  of  the  latter  in 
the  performance  of  its  functions ;  whilst,  on  the  other  hand,  the  control 
which  their  encephalic  centres  possess  over  the  actions  of  the  respiratory 
ganglia,  enables  the  Will  to  regulate  the  inspiratory  and  expiratory 
movements  in  the  manner  required  for  the  acts  of  vocalization. — Under 
the  term  Sensory  Ganglia,  may  be  comprehended  that  assemblage  of 
ganglionic  masses  lying  along  the  base  of  the  skull  in  Man,  and  partly 
included  in  the  Medulla  Oblongata,  in  which  the  nerves  of  the  '  special 
senses,'  Taste,  Hearing,  Sight,  and  Smell,  have  their  central  termina- 
tions; and  with  these  may  probably  be  associated  the  two  pairs  of 
ganglionic  bodies  known  as  the  Corpora  Striata  and  Thalami  Optici, 
into  which  may  be  traced  the  greater  proportion  of  the  fibres  that  con- 
stitute the  various  strands  of  the  Medulla  Oblongata,  and  which  seem 
to  stand  in  the  same  kind  of  relation  to  the  nerves  of  Touch  or 
'  common  sensation,'  that  the  Olfactive,  Optic,  Auditory,  and  Gustative 
ganglia  bear  to  their  several  nerve-trunks. 

455.  Now  it  is  not  a  little  interesting,  that  this  Cranio-Spinal  axis, 
which  represents  in  Vertebrated  animals  the  whole  nervous  system  of 
the  Invertebrata  (with  the  exception  of  the  rudiment  of  the  Sympathetic 
which  they  possess),  should  exist  in  the  lowest  known  Vertebrated 
animal  without  any  superaddition,  and  should  be  sufficient  for  the  per- 
formance of  all  its  actions.    Such  is  the  case  in  the  curious  Amphioxus, 
a  little  fish  which  presents  not  the  slightest  trace  of  either  Cerebrum  or 
Cerebellum,  and  in  which  even  the  sensory  ganglia  and  the  organs  of 
special  sense  have  only  a  rudimentary  existence ;  and  in  which,  too,  the 
spinal  cord  is  composed  of  a  series  of  ganglia  that  are  obviously  distinct 
from  each  other,  although  in  close  approximation.    And  even  in  the 
lower  Cyclostome  Fishes,  the  condition  of  the  nervous  centres  is  ver 
little  above  this,  save  as  regards  the  larger  development  of  the  sensor 
ganglia. — This  condition  has  its  parallel,  even  in  the  Human  species 
in  the  case  of  Infants  which  are  occasionally  born  without  either  Cere 
brum  or  Cerebellum  ;  such  have  existed  for  several  hours,  or  even  days 
breathing,  sucking,  crying,  and  performing  various  other  movements 
and  there  is  no  physiological  reason  why  their  lives  should  not  be  pro 
longed,  if  they  be  nurtured  with  sufficient  care. 

456.  In  Man,  however,  as  in  all  the  higher  Ver tebrata,  we  find  super 
imposed  (as  it  were)  upon  the  Sensory  ganglia,  and  constituting  w 
principal  mass  of  the  Encephalon,  the  bodies  which  are  known  as  1 1 
Cerebral  Hemispheres,  or  Hemispheric  Ganglia.  Now  when  these  are  s 
greatly  developed  as  to  cover-in  and  obscure  the  Sensory  ganglia 
the  degree  which  presents  itself  in  Man,  it  is  not  surprising  tw 
the  fundamental  importance  of  the  latter  should  not  be  generally  re 
cognized;  in  Fishes,  however,  the  proportion  between  the  two  sets 
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Fig.  144. 
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centres  is  entirely  reversed,  the  rudiments  of  the  Cerebral  Hemi- 
spheres (Fig.  144,  b)  being  usually  inferior  in  size  to  the  Optic  ganglia  (c) 
alone.    Indeed,  of  the  pair  of  ganglionic  masses  to 
which  that  designation  is  usually  applied,  it  may  be 
almost  positively  stated,  that  the  greater  part  is 
homologous  with  the  Corpora  Striata  of  the  Human 
brain;   it  being  only  in  the  higher  Cartilaginous 
fishes,  that  a  ventricular  cavity  exists  in  each  of 
these  bodies,  separating  the  thin  layer  of  true  Cere- 
bral substance  which  overlies  it,  from  the  ganglionic 
mass  which  forms  its  floor.    Between  these  two  ex- 
tremes, a  regular  gradation  is  presented  in  the  inter- 
mediate tribes. — Now  it  is  a  point  especially  worthy 
of  note,  that  no  sensory  nerves  terminate  directly 
In  the  Cerebrum,  nor  do  any  motor  nerves  issue 
from  it ;  and  there  seems  a  strong  probability  that 
there  is  not  (as  formerly  supposed)  a  direct  con- 
tinuity between  all  or  even  any  of  the  nerve- 
fibres  distributed  to  the  body,  and  the  medullary 
substance  of  the  Cerebrum.    For  whilst  the  nerves 
.of  'special'  sense  have  their  own  ganglionic  centres, 
;  it  cannot  be   shown  that  the  nervous  fibres  of 
i  general '  sense,  which  either  enter  the  cranium  as 

p  .  it  i  •  i  c  Brain  of  Cod : — a,  olf  ac- 

part  oi  the  cephalic  nerves,  or  which  pass-up  from  tive  ganglia;  b,  cerebral 
the  Spinal  cord,  have  any  higher  destination  than  the  lobes  s  °u  °Ptic  gangUa; 

.  r  .  ,  l  jo  _  d}  cerebellum. 

I  Ihalami  Optici.    So  the  motor  fibres  which  pass- 
i  forth  from  the  cranium,  either  into  the  cephalic  nerve-trunks,  or  into 
[  the  motor  columns  of  the  Spinal  cord,  though  commonly  designated  as 
Cerebral,  cannot  be  certainly  said  to  have  a  higher  origin  than  the  Corpora 
-•triata.    And  we  shall  find  strong  physiological  as  well  as  anatomical 
|  ground  for  the  belief,  that  the  Cerebrum  has  no  communication  with  the 
pxternal  world,  otherwise  than  by  its  connection  with  the  Sensori-motor 
|  apparatus ;  and  that  even  the  movements  which  are  usually  designated 
is  '  voluntary '  are  only  so  as  regards  their  original  source,  the  stimulus 
.vhich  calls  the  muscles  into  contraction  being  even  then  immediately 
v-ned  from  the  Cranio-Spinal  axis,  as  it  is  in  the  movements  prompted 
j  ay  the  reflex  stimulation  of  an  external  impression. 

457.  Wherever  a  Cerebrum  is  superimposed  upon  the  Sensory  Ganglia, 
f  *ve  find  another  ganglionic  mass,  the  Cerebellum,  superimposed  upon  the 
E  Medulla  Oblongata.  The  development  of  this  organ  bears  a  general,  but 
I  oy  no  means  a  constant  relation  to  that  of  the  Cerebrum  :  for  in  the 
!  owest  Fishes  it  is  a  thin  lamina  of  nervous  matter  on  the  median  line, 
jnly  partially  covering-in  the  '  fourth  ventricle  ;'  whilst  in  the  higher 
Mammalia,  as  in  Man,  it  is  a  mass  of  considerable  size,  having  two  lateral 
obes  or  hemispheres  in  addition  to  its  central  portion.  The  direct  com- 
munication which  the  Cerebellum  has  with  both  columns  of  the  Spinal 
Jord,  and  the  comparatively  slight  commissural  connection  which  it 
1  messes  with  the  higher  portions  of  the  Encephalic  centres,  justify  the 
opposition  that  it  is  rather  concerned  in  the  regulation  and  co-ordina- 
ion  of  the  actions  of  the  former,  than  in  any  proper  psychical  opera- 
^ons;   and  it  will  hereafter  be  shown  that  the   various   kinds  of 
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evidence  afforded  by  Comparative  Anatomy,  by  Experimental  inquiry, 
and  by  Pathological  observation,  all  tend  to  support  this  view  of  its 
function. 

458.  Now  although  every  segment  of  the  Spinal  Cord,  and  every  one 
of  the  Sensory  Ganglia,  may  be  considered,  in  common  with  the  Cere- 
brum, as  a  true  and  independent  centre  of  nervous  power,  yet  this  inde- 
pendence is  only  manifested  when  these  organs  are  separated  from  each 
other  ;  either  structurally — by  actual  division  ;  or  functionally — by  the 
suspension  of  the  activity  of  other  parts.  In  their  state  of  perfect  inte- 
grity and  complete  functional  activity,  they  are  all  (at  least  in  Man)  in 
such  subordination  to  the  Cerebrum,  that  they  only  minister  to  its 
actions,  except  in  so  far  as  they  are  subservient  to  the  maintenance  of 
the  Organic  functions,  as  in  the  automatic  acts  of  breathing  and  swallow- 
ing. With  regard  to  every  other  action,  the  Will,  if  it  possesses  its  due 
predominance,  can  exercise  a  determining  power  ;  keeping  in  check  every 
automatic  impulse,  and  repressing  the  promptings  of  emotional  excite- 
ment. And  this  seems  to  result  from  the  peculiar  arrangement  of  the 
nervous  apparatus ;  which  causes  the  excitor  impression  to  travel  in  the 
upward  direction,  if  it  meet  with  no  interruption,  until  it  reaches  the 
Cerebrum,  without  exciting  any  reflex  movements  in  its  course.  When 
it  arrives  at  the  Sensorium,  it  makes  an  impression  on  the  consciousness 
of  the  individual,  and  thus  gives  rise  to  a  sensation  ;  and  the  change 
thus  induced,  being  further  propagated  from  the  sensory  ganglia  to  the 
Cerebrum,  becomes  the  occasion  of  the  formation  of  an  idea.  If  with 
this  idea  any  pleasurable  or  painful  feeling  should  be  associated,  it 
assumes  the  character  of  an  emotion  :  and  either  as  a  simple  or  as  an 
emotional  idea,  it  becomes  the  subject  of  intellectual  operations,  whose 
final  issue  is  in  a  volitional  determination,  or  act  of  the  Will,  which  may 
be  exerted  in  producing  or  checking  a  muscular  movement,  or  in  con- 
trolling or  directing  the  current  of  thought. 

459.  But  if  this  ordinary  upward  course  be  anywhere  interrupted, 
the  impression  will  then  exert  its  power  in  a  transverse  direction,  and  a 
'  reflex  '  action  will  be  the  result ;  the  nature  of  this  being  dependent 
upon  the  part  of  the  Cerebro-Spinal  axis,  at  which  its  ascent  had  been 
checked.  Thus  if  the  interruption  be  produced  by  division  or  injury 
of  the  Spinal  Cord,  so  that  its  lower  part  is  cut  off  from  communication 
with  the  encephalic  centres,  this  portion  then  acts  as  an  independent 
centre  ;  and  impressions  made  upon  it  through  the  afferent  nerves  pro- 
ceeding to  it  from  the  lower  extremities,  excite  violent  reflex  move- 
ments, which,  being  thus  produced  without  sensation,  are  designated  as 
'  excito-motor.' — So,  again,  if  the  impression  should  be  conveyed  to  the 
Sensorium,  but  should  be  prevented  by  the  removal  of  the  Cerebrum, 
or  by  its  state  of  functional  inaction,  or  by  the  direction  of  its  activity 
into  some  other  channel,  from  calling-forth  ideas  through  the  instru- 
mentality of  the  latter,  it  may  react  upon  the  motor  apparatus  by  the 
1  reflex  '  power  of  the  Sensory  ganglia  themselves ;  as  seems  to  be  tne 
case  with  regard  to  those  locomotive  actions  which  are  maintained  an 
guided  by  sensations  during  states  of  profound  abstraction,  when  ^ 
attention  of  the  individual  is  so  completely  concentrated  upon  his  o 
train  of  thought,  that  he  does  not  perceive  external  objects,  alt houg  i 
movements  are  obviously  guided  through  the  visual  and  tactile  sen.  • 
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Such  actions,  being  dependent  upon  the  prompting  of  sensations,  are 
sensori-motor  '  or  'consensual.' — But  further,  even  the  Cerebrum  re- 
ponds  automatically  to  impressions  fitted  to  excite  it  to  '  reflex  '  action, 
vhen  from  any  cause  the  Will  is  in  abeyance,  and  its  power  cannot  be 
\erted  either  over  the  muscular  system  or  over  the  direction  of  the 
noughts.  Thus  in  the  states  of  Reverie,  Dreaming,  Somnambulism, 
cc,  whether  spontaneous  or  artificially  induced,  ideas  which  take  pos- 
ession  of  the  mind,  and  from  which  it  cannot  free  itself,  may  excite 
espondent  movements;  and  this  may  happen  also  when  the  force  of  the 
dea  is  morbidly  exaggerated,  and  the  Will  is  not  suspended,  but  merely 
weakened,  as  in  many  forms  of  Insanity. 

460.  The  general  views  here  put-forth  in  regard  to  the  independent 
md  connected  actions  of  the  several  primary  divisions  of  the  Cerebro- 
spinal apparatus,  may  perhaps  be  rendered  more  intelligible  by  the 
bllowing  Table,  which  is  intended  to  represent  the  ordinary  course  of 
iperation  when  the  whole  is  in  a  state  of  complete  functional  activity, 
ud  the  character  of  the  '  reflex '  actions  to  which  each  part  is  sub- 
ervient,  when  it  is  the  highest  centre  that  the  impression  can  reach. 
?he  directing  power  of  the  Will  seems  to  be  most  strongly  exerted  over 
hose  actions  which  are  most  closely  connected  with  psychical  changes, 
.nd  which  are  exclusively  Cerebral  in  their  seat.    It  has  been  already 
tointed-out,  that  the  Cranio-Spinal  axis  not  merely  serves  as  the  channel 
or  the  reception  of  the  impressions  which  excite  the  activity  of  the 
Iemispheric  ganglia,  and  as  the  instrument  whereby  the  results  of  their 
peration  are  brought  to  bear  upon  the  muscular  system ;  but  that  it  is 
Iso  the  centre  of  reflexion  through  which  various  automatic  move- 
ments are  called-forth,  that  are  immediately  concerned  in  the  main- 
enance  of  the  organic  functions.    The  impressions  which  excite  these 
lovements  do  not  in  general  pass-on  to  the  Cerebrum ;  for  we  only 
erceive  them  when  we  specially  direct  our  attention  to  them,  or  when 
ley  exist  in  unusual  potency.    Thus  we  are  unconscious  of  the  '  besoin 
e  respirer '  by  which  our  ordinary  movements  of  respiration  are 
rompted ;  and  it  is  only  when  we  have  refrained  from  breathing  for  a 
3W  seconds,  that  we  experience  a  sensation  of  uneasiness  which  impels 
|8  to  make  forcible  efforts  for  its  relief.    Notwithstanding,  however, 
lat  the  Cerebrum  is  thus  unconcerned  in  the  ordinary  performance  of 
'  iese  automatic  movements,  yet  it  can  exert  a  certain  degree  of  control 
ver  many  of  them,  so  as  even  to  suspend  them  for  a  time,  though  in 
I  o  instance  can  it  carry  this  suspension  to  such  an  extent  as  seriously  to 
is.irrange  the  Organic  functions ;  thus,  when  we  have  voluntarily  re- 
|  'ained  from  breathing  for  a  few  seconds,  the  inspiratory  impulse  so 
j  apidly  increases  in  strength  with  the  continuance  of  the  suspension, 
nat  it  at  last  overcomes  the  most  powerful  effort  we  can  make  for  the 
|  epression  of  the  movements  to  which  it  prompts  (§  296,  note).  Now 
[  *  this  and  similar  cases  it  would  seem  as  if  the  Will  interfered  to  pre- 
I  ent  that  direct  transverse  passage  of  the  stimulus  from  the  afferent  to 
I  :ie  efferent  nerves  through  the  Cranio-Spinal  axis,  which  constitutes 
I  ie  ordinary  line  of  action  for  impressions  having  their  origin  in  the 
I  ecessities  of  the  Organic  or  Vegetative  life  of  the  individual.  That 

I  Will  should  have  a  certain  degree  of  control  over  these  movements, 

I I  necessary  in  order  that  they  may  be  rendered  subservient  to  various 
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actions  which  are  necessary  for  the  due  exercise  of  Man's  psychical 
powers ;  but  that  they  should  not  be  left  dependent  upon  its  exercise,  and 
should  even  be  executed  in  opposition  to  it  when  the  wants  of  the  system 
imperatively  demand  their  performance,  constitutes  a  wise  provision  for 
securing  Life  against  the  chance  of  inattention  or  momentary  caprice. 


Intellectual  Operations, 


■>THE  WILL- 


t 


Emotions 

J 

1 Ideas 

t 

Sensations  . 


►Cerebrum  Y 
centre  of  emotional  and  ideo-motor  reflexion 


t 


Sensory  Ganglia- 


centre  of  semori-motor  reflexion 


Impressions  i 


Spinal  Cord 


or  Sympathetic  Ganglion 

centres  of  excUo-motor  reflexion 


►   Motor  Impulse, 


4G1.  The  Cerebro-Spinal  system  is  intimately  blended  with  another 
set  of  ganglionic  centres  and  nerve- trunks,  scattered  in  different  parts  of 
the  body,  but  mutually  connected  with  each  other  ;  this  is  commonly 
termed  the  sympathetic  system  ;  but  not  unfrequently,  from  the  position 
of  its  principal  centres,  and  their  evident  functional  relation  to  the 
apparatus  of  Organic  life,  the  Visceral  system.  To  this  system  we  are 
probably  to  refer,  not  only  the  Semilunar  and  Cardiac  ganglia  (which 
seem  to  be  its  principal  centres),  with  the  chain  of  cranial,  cervical, 
thoracic,  lumbar,  and  sacral  ganglia,  which  are  in  nearer  connection 
with  the  Cerebro-spinal  system;  but  also  numerous  minute  gangkaj 
which  are  to  be  found  on  its  branches  in  various  parts.  Moreover,  the 
ganglia  upon  the  posterior  roots  of  the  Spinal  nerves,  and  those  upon 
the  roots  and  trunks  of  certain  Cranial  nerves,  may  be  ranked  with  con- 
siderable probability  under  the  same  category  ;  and  if  such  be  the  case, 
those  fibres  contained  in  the  Cerebro-spinal  nerves,  which  have  these  as 
their  ganglionic  centres,  must  also  be  accounted  as  belonging  to  the 
Sympathetic  system.  On  the  other  hand  there  unquestionably  exist 
numerous  fibres  in  the  Visceral  system,  which  proceed  into  it  from  tlie 
Cerebro-spinal  system ;  these,  however,  are  not  uniformly  distribute  , 
for  some  of  the  Visceral  nerves  contain  few  or  none  of  them,  whilst  m 
others  they  are  numerous.  The  branches  by  which  the  Sympathetic 
system  communicates  with  the  Cerebro-spinal,  and  which  were  f°r"l8r  ^ 
considered  as  the  roots  of  the  Sympathetic  system,  seem  to  contain  n ore 
of  both  kinds ; — i.e.,  Cerebro-spinal  fibres  passing  into  the  Sympathetic, 
and  Sympathetic  fibres  passing  into  the  Cerebro-spinal.  The  latter  ar 
chiefly,  if  not  entirely,  transmitted  into  the  anterior  branches  oi  1 
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pinal  nerves ;  the  posterior  branches  being  apparently  supplied  with 
vmpathetic  fibres  from  the  ganglia  on  their  own  posterior  roots, 
otne  of  these  last  fibres  also  pass  from  the  Cerebro-spinal  into  the  Sym- 
athetic  system.    By  these  communications,  the  two  systems  of  fibres 
re  so  blended  with  each  other,  that  it  is  impossible  to  isolate  them. — 
?he  branches  proceeding  from  the  Semilunar  ganglia  are  distributed 
ipon  the  vessels  of  the  abdominal  viscera ;  and  those  of  the  Cardiac 
;anglia  upon  the  heart  and  vessels  proceeding  from  it.    The.  latter 
eem  to  accompany  the  arterial  trunks  through  their  whole  course,  ratni- 
ying  minutely  upon  their  surface  ;  and  it  can  scarcely  be  doubted  that 
key  exercise  an  important  influence  over  their  functions.    What  the 
Kit  are  of  that  influence  may  be,  however,  will  be  a  subject  for  future, 
nquiry  (chap.  xvii.).    It  is  so  evidently  connected  with  the  operations 
>f  nutrition,  secretion,  &c,  that  the  designation  1  Nervous  system  of 
>rganic  life,'  as  applied  to  this  system,  does  not  seem  objectionable,  pro- 
dded that  we  do  not  understand  it  as  denoting  the  dependence  of  these 
unctions  upon  it. — The  inter-penetration  of  the  Cerebro-spinal  system 
)y  the  Sympathetic  is  strongly  marked  by  these  two  circumstances  ; — 
hat,  in  some  of  the  lower  Vertebrata,  the  distribution  of  their  trunks 
cannot  be  separately  distinguished  ;  and  that,  even  in  the  highest,  some 
)f  the  Glands,  of  which  the  secretion  is  most  directly  influenced  by  the 
:ondition  of  the  mind,  are  supplied  with  most  of  their  nerves  from  the 
cerebro-spinal  system,  the  lachrymal  and  sublingual  glands  receiving 
arge  branches  from  the  fifth  pair,  and  the  mammary  glands  from  the 
.ntercostal  nerves. 

462.  Gerebro-Spinal  Nerve-Trunks. — Having  thus  considered  the  prin- 
cipal attributes  of  the  ganglionic  centres  of  the  Cerebro-Spinal  system, 
•ve  have  next  to  inquire  into  those  of  the  nerve-trunks  which  are  con- 
tacted with  them.  It  is  only  in  the  Vertebrata,  that  the  difference 
between  the  afferent  and  efferent  fibres  of  the  nerves  has  been  satisfac- 
torily determined.  The  merit  of  this  discovery  is  almost  entirely  due 
:o  Sir  C.  Bell,  who  was  led  to  it  by  a  chain  of  reasoning  of  a  highly 
philosophical  character  ;  and  although  his  first  experiments  on  the  Spinal 
lerves  were  not  satisfactory,  he  virtually  determined  the  respective  func- 
tions of  their  two  roots, — the  posterior  as  sensory  (afferent),  the  anterior 
notor  (efferent), — by  experiments,  and  by  pathological  observations  upon 
:he  Cranial  nerves,  some  of  which  contain  only  one  class  of  fibres  to  the 
exclusion  of  the  other,  before  any  other  physiologist  came  into  the 
field.*  Subsequently  his  general  views  were  confirmed  by  the  very  de- 
sided  experiments  of  Miiller ;  but  until  very  recently,  some  obscurity 
hung  over  a  portion  of  the  phenomena.  It  was  from  the  first  maintained 
by  Magendie,  and  has  been  subsequently  asserted  by  other  physiologists, 
that  the  posterior  and  anterior  roots  of  the  nerves  were  both  concerned 
m  the  reception  of  impressions  and  in  the  production  of  motions  ;  for 
that,  on  touching  the  posterior  roots,  not  only  the  sensibility  of  the  ani- 
mal seemed  to  be  affected,  but  muscular  motions  were  excited  :  and  that, 
when  the  anterior  roots  were  touched,  the  animal  gave  signs  of  pain,  at 
the  same  time  that  convulsive  movements  were  performed.  These  phy- 
siologists were  not  willing,  therefore,  to  admit  more  than  that  the  pos- 
terior roots  were  especially  sensory,  and  the  anterior  especially  motor. 
*  See  "Brit,  and  Foreign  Med.  Review,"  vol.  ix.  p.  140,  &c. 
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But  the  knowledge  we  now  possess  of  the  '  reflex'  function  of  the  Spinal 
Cord  enables  the  former  portion  of  these  phenomena  to  be  easily  ex- 
plained. The  motions  excited  by  irritating  the  posterior  roots  are  found 
to  be  entirely  dependent  upon  their  connection  with  the  Spinal  Cord, 
and  upon  the  integrity  of  the.  anterior  roots  and  of  the  trunks  into  which 
they  enter ;  whilst  they  are  not  checked  by  the  separation  of  the  pos- 
terior roots  from  the  peripheral  portion  of  the  trunk :  it  is  evident, 
therefore,  that  excitation  of  the  posterior  roots  does  not  act  immedi- 
ately upon  the  muscles,  through  the  trunk  of  the  nerve  which  they  con- 
tribute to  form ;  but  that  it  excites  a  reflex  motor  impulse  in  the  Spinal 
Cord,  which  is  propagated  through  the  anterior  roots  to  the  periphery 
of  the  system. — The  converse  phenomenon  of  the  apparent  sensibility 
of  the  anterior  roots  of  the  Spinal  Nerves  has  been  recently  investigated 
and  satisfactorily  explained  by  M.  Brown-Sequard.  If  these  roots  be 
irritated,  the  animal  usually  gives  signs  of  uneasiness;  but  if  they  be 
divided,  and  the  cut  ends  nearest  the  centre  be  irritated,  none  such  are 
exhibited :  whilst  they  are  still  shown  when  the  farther  ends  are  irri- 
tated, but  not  if  the  posterior  roots  are  divided.  According  to  M.  Brown- 
Sequard,*  these  phenomena  are  simply  due  to  the  circumstance,  that  on 
irritating  the  distal  extremities  of  the  anterior  roots  the  muscles  supplied 
by  them  are  thrown  into  a  state  of  cramp,  and  pain  is  experienced  from 
the  violent  compression  of  the  extremities  of  the  sensory  nerves,  which  of 
course  is  no  longer  felt  when  the  roots  of  the  latter  are  divided. 

463.  Every  fibre,  there  is  reason  to  believe,  runs  a  distinct  course, 
between  the  central  organ,  with  one  of  the  cells  of  which  it  is  connected 
at  one  extremity,  and  the  organ  of  sense,  muscle,  or  other  tissue,  in 
which  it  either  terminates  or  forms  a  loop  at  the  other ;  in  the  ter- 
minal ramifications  of  the  nerves,  however,  a  subdivision  of  the  fibres  is 
frequently  observable.  Each  nervous  trunk  is  made-up  of  several 
fasciculi  of  these  fibres;  and  each  fasciculus  is  composed  of  a  large 
number  of  the  ultimate  fibres  themselves.  Although  the  fasciculi  occa- 
sionally intermix  and  exchange  fibres  with  one  another  (as  occurs  in  a 
plexus),  the  fibres  themselves  never  inosculate.  Each  fibre  would  seem, 
therefore,  to  have  its  appropriate  office,  which  it  cannot  share  with 
another. — Several  objects  appear  to  be  attained  by  the  plexiform 
arrangement.  In  some  instances  it  serves  to  intermix  fibres,  which 
have  endowments  fundamentally  different ;  for  example,  the  Spinal 
Accessory  nerve,  at  its  origin,  appears  to  be  exclusively  motor,  and  the 
roots  of  the  Pneumogastric  to  be  exclusively  afferent ;  but  by  the  early 
admixture  of  these,  a  large  number  of  motor  fibres  are  imparted  to  the 
Pneumogastric,  and  are  distributed  in  variable  proportion,  writh  its 
different  branches ;  whilst  a  few  of  its  sensory  filaments  seem  to  enter 
the  Spinal  Accessory. — In  other  instances,  the  object  of  a  plexus 
appears  to  be  to  give  a  more  advantageous  distribution  to  fibres,  which 
all  possess  corresponding  endowments.  Thus  the  Brachial  plexus 
mixes-together  the  fibres  arising  from  five  segments  of  the  spinal  cora\ 
and  sends-off  five  principal  trunks  to  supply  the  arm.  Now  if  each  of 
these  trunks  had  arisen  by  itself,  from  a  distinct  segment  of  the  spinal 
cord,  so  that  the  parts  on  which  it  is  distributed  had  only  a  single  con- 

*  "  Lectures  on  the  Physiology  of  tho  Central  Nervous  System,"  I860;  Lecture  1. 
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lection  with  the  nervous  centres,  they  would  have  been  much  more 
iable  to  paralysis  than  at  present.    By  means  of  the  plexus,  every  part 
s  supplied  with  fibres  arising  from  each  segment  of  the  spinal  cord ; 
ml  the  functions  of  the  whole  must  therefore  be  suspended,  before 
omplete  paralysis  of  any  part  can  occur  from  a  cause  which  operates 
bove  the  plexus.    Such  a  view  is  borne-out  by  direct  experiment ;  for 
d  has  been  ascertained  by  Panizza  that,  in  Frogs,  whose  Crural  plexus 
3  much  less  complicated  than  that  of  Mammalia,  section  of  the  roots  of 
us  of  the  three  nerves  which  enter  into  it,  produces  little  effect  on  the 
eneral  movements  of  the  limb  ;  and  that,  even  when  two  are  divided, 
lere  is  no  paralysis  of  any  of  its  actions,  all  being  weakened  in  a  nearly 
imilar  degree.* — But  as  Dr.  Gull  has  pointed  out,|  one  use  of  such  a 
lexus  as  the  brachial  or  the  crural  appears  to  be,  to  bring  the  muscles 
rhich  derive  their  nervous  supply  from  it,  into  relation  with  different 
anglionic  segments  of  the  Spinal  Cord;  each  of  which  may  exert  a 
iverse  action,  either  in  virtue  of  its  own  endowments,  or  of  the  in- 
uence  of  the  Will  upon  it ;  so  that  groups  of  muscles  may  thus  be 
ssociated  for  combined  actions.     All  consideration  of  the  mode  in 
Inch  we  make  use  of  our  muscles,  and  of  the  power  which  we  have 
ver  them,  leads  to  the  conclusion  that  each  ganglionic  centre  has  a 
>ecific  and  limited  sphere  of  influence,  producing  certain  movements 
id  no  others ;  hence,  for  the  execution  of  a  variety  of  movements  in 
irmonious  combination  with  each  other,  it  seems  requisite  that  the 
irvous  supply  of  each  muscle  should  be  derived  from  several  different 
ntres ;  and  thus  it  is,  that  the  complication  of  plexuses  comes  to  be 
ated  to  the  variety  of  movements  of  the  parts  supplied  through  them, 
is  not  a  little  interesting  to  remark,  that  arrangements  of  a  similar 
|  nd  present  themselves  among  the  higher  Invertebrata. 
Hil.  The  following  statements,  in  which  the   doctrines  of  Prof, 
ullerj  are  adopted  with  some  modifications  and  additions,  embody 
e  general  principles  ascertained  by  experiment,  respecting  the  trans- 
mission of  Sensory  and  Motor  impressions  along  the  nerves  which 
i  spectively  minister  to  them.    Their  rationale  will  be  at  once  under- 
r  >od,  from  the  facts  already  mentioned  in  regard  to  the  isolated 
aracter  of  each  fibril,  and  the  identity  of  its  endowments  through  its 
|  Jole  course. 

*•  W  hen  the  whole  trunk  of  a  sensory  nerve  is  irritated,  a  sensation  is 
oduced,  which  is  referred  by  the  mind  to  the  parts  to  which  its 
Miches  are  ultimately  distributed ;  and  if  only  part  of  the  trunk  be 
'itated,  the  sensation  will  be  referred  to  those  parts  only  which  are 
J  pphed  by  the  fibrils  it  contains. — This  is  evidently  caused  by  the  pro- 
I  ^n1^  a  cnanSe  m  the  sensorium,  corresponding  with  that  which 
'  'pd  have  been  transmitted  from  the  peripheral  organs  of  the  nerves, 
f     the  impression  been  made  upon  them.    Such  a  change  only  re- 
Striking  illustrations  0f  ^jie  importance  of  the  plexiform  communication  of  nerves 
ere  aft        -U-Ch  CH8eS  as  that  rcC0lded  by  Mr-  Savory  {Lancet,  Aug.  1,  18G8), 
ft  aim  V  eiX£181.on  °f  a  portion  of  the  musculo-spiral  nerve,  the  sensibility  of  the 
i  bfibl v  P^v,     lt(  *nough  impaired,  was  *till  to  some  extent  retained,  in  consequence 
I  v'L  L°!u   ?  communications  that  exist  between  the  radial  and  external  cutaneous 
I  vet i  in  the  forearm. 

I  •  "  pj„i°nian  ^ectures  on  the  Nervous  System,'  in  "  Medical  Times,"  1849,  p.  372. 
Elements  of  Physiology,"  translated  by  Dr.  Bal 


ly ;  pp.  680,  686. 
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quires  the  integrity  of  the  afferent  trunk  between  the  point  irritated 
and  the  sensorium,  and  is  not  at  all  dependent  upon  the  state  of  the 
peripheral  part  to  which  the  sensations  are  referred  ;  for  this  may  have 
been  paralysed  by  the  division  or  other  lesion  of  the  nerve,  or  may 
have  been  altogether  separated  as  in  amputation,  or  the  relative  posi- 
tion of  its  parts  may  have  been  changed  as  in  autoplastic  operations. 
So,  when  different  parts  of  the  thickness  of  the  same  trunk  are  separately 
and  successively  irritated,  the  sensations  are  successively  referred  to  the 
several  parts  supplied  by  these  divisions.  This  may  be  easily  shown 
by  compressing  the  ulnar  nerve  in  different  directions,  where  it  passes 
at  the  inner  side  of  the  elbow-joint. — Still  the  mind  undoubtedly  does 
possess  a  certain  power  of  discriminating  the  part  of  the  nerve-trunk  on 
which  the  impression  is  made ;  for  whilst  this  impression  is  such  as  to 
produce  sensations  that  are  referred  to  its  peripheral  extremities,  pain 
is  at  the  same  time  felt  in  the  spot  itself ;  and  it  would  seem  as  if  shght 
impressions  are  only  felt  in  the  latter  situation,  at  least  in  the  normal 
condition  of  the  trunk  or  fibre.  Thus,  as  it  has  been  well  remarked  by 
Volkmann,  "  if  a  needle's  point  be  drawn  in  a  straight  line  across  the 
back,  or  the  thigh,  or  any  part  in  which  the  nerves  are  widely  placed,  the 
mind  perceives  the  line  of  irritation  as  a  straight  one ;  whereas,  if  it 
referred  all  impressions  to  the  ends  of  irritated  fibres,  this  mode  of 
irritation  should  be  felt  in  sensations  variously  scattered  about  the  I 
line,  at  the  points  where  the  nerve-fibres  crossed  by  the  needle 
terminate."* 

ii.  The  sensation  produced  by  irritation  of  a  branch  of  the  nerve  is 
confined  to  the  parts  to  which  that  branch  is  distributed,  and  does  not 
affect  the  branches  which  come-off  from  the  nerve  higher  up. — The 
rationale  of  this  law  is  at  once  intelligible  :  but  it  should  be  mentioned] 
that  there  are  certain  conditions,  in  which  the  irritation  of  a  single! 
nerve  will  give  rise  to  sensations  over  a  great  extent  of  the  body.  Thia 
1  radiation  of  sensations'  seems  rather  due,  however,  to  a  particular  statej 
of  the  central  organs,  than  to  any  direct  communication  among  thel, 
peripheral  libres. 

in.  The  motor  influence  is  propagated  only  in  a  centrifugal  direction!; 
never  in  a  retrograde  course.  It  may  originate  in  a  spontaneous  changi 
in  the  central  organs,  or  it  may  be  excited  by  an  impression  conveyed  ttl 
them  through  afferent  nerves ;  but  in  both  cases  its  law  is  the  same.  I 

iv.  When  the  whole  trunk  of  a  motor  nerve  is  irritated,  all  the  musclej 
which  it  supplies  are  caused  to  contract.    This  contraction  evidentll 
results  from  the  similarity  between  the  effect  of  an  artificial  stimulij 
applied  to  the  trunk  in  its  course,  and  that  of  the  change  in  the  cent n 
organs  by  which  the  motor  influence  is  ordinarily  propagated.  4 
when  only  a  part  of  the  trunk  or  a  branch  is  irritated,  the  contraction  j 
usually  confined  to  the  muscles  which  receive  their  nervous  fibres  troi 
it ;  in  this  instance,  as  in  the  other,  there  is  no  lateral  communica  ci 
between  the  fibrils.— An  exception  exists,  however,  in  regard  to  gal  I 
irritation,  which  may  be  transmitted  laterally  when  its  ordinary  c 
is  checked  ;  as  has  been  shown  by  the  following  ingenious  .epe.n'  .  t 
M.  du  Bois-Reymond.    If  any  motor  nerve  be  selected  which ^mvi  ^ 
into  two  branches  (as,  for  example,  the  sciatic  nerve  of  a  rrog, 
*  Kirkes  and  Paget's  "  Handbook  of  Physiology,"  p-  375. 
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ivides  above  the  bend  of  the  knee  into  the  tibial  and  peroneal  branches), 
ad  a  galvanic  stimulus  be  applied  to  either  of  these  branches,  this 
■wing  been  first  divided  above  its  insertion  into  the  muscles,  the  elec- 
otonic  state  will  be  developed,  not  merely  in  the  portion  of  the  trunk 
mtinuous  with  that  branch,  but  also  in  that  which  is  continuous  with 
ie  other  branch,  as  will  be  made  apparent  by  the  contraction  in  the 
uiscles  supplied  by  the  latter.    That  this  experiment  may  be  free  from 
le  possible  fallacy  resulting  from  the  excitement  of  reflex  action,  the 
unk  of  the  sciatic  nerve  should  be  divided  high-up,  or  the  spinal 
>rd  be  destroyed. — Various  experimenters  have  sought  to  determine 
hether  a  sensory  nerve  can  be  made  to  convey  motor  impulses,  and 
'ee  versa.    For  this  purpose,  no  nerves  are  more  conveniently  situated 
.an  the  hypoglossal  and  lingual  branch  of  the  Fifth.    If  these  be 
vided,  and  the  peripheric  extremity  of  the  hypoglossal  nerve  be 
aced  in  apposition  with  the  central  extremity  of  the  lingualis,  in 
few  weeks  union  will  have  occurred  ;  and  although  the  muscles  may 
3  excited  to  contract  by  an  electrical  current  applied  to  the  lingualis 
[>•  sensory  nerve,  yet  there  is  total  loss  of  voluntary  control  over  the 
igual  muscles  ;  and  if  the  operation  be  performed  on  both  sides,  the 
limal  is  rendered  permanently  incapable  of  protruding  its  tongue.* 
M.  Pbilippeaux  and  Vulpianf  draw  the  conclusion  from  their  ex- 
i  'riments,  that  when  the  properties  of  the  hypoglossal  nerve  have 
l:;en  abolished  by  section,  after  the  lapse  of  some  time  the  lingualis 
I  quires   motor  powers   which   it  did  not  previously   possess.  In 
adder's  experiments, :f  microscopical  examination  of  the  nerves,  showed 
r  at  the  peripheric  extremity  of  the  lingualis  consisted  exclusively  of 
prve-fibres  which  had  undergone  fatty  degeneration,  whilst  in  the 
I  ripheric  portion  of  the  hypoglossal  which  had  united  with  the  centric 
I  the  lingualis,  the  greater  number  of  the  fibres  presented  their  normal 
mracters.    And  this  accorded  with  the  fact  that,  when  the  nerve  was 
t  during  life,  the  animal  gave  marked  indication  of  pain,  and  the  same 
I  le  of  the  tongue  was  convulsed.    This  experiment  does  not  show  that 
i'3  motor  fibres  of  the  hypoglossal,  by  union  with  a  sensory  nerve,  are 
J  idered  capable  of  conducting  sensory  impressions ;  because  the  hypo- 
l>ssal,  it  is  well  known,  itself  contains  sensory  fibres.    But  it  does 
I  aw  that  centripetally  coursing  fibres  in  different  nerve-paths  may  unite 
j  der  appropriate  conditions,  and  that  sensations  can  thus  be  conducted 
the  cerebrum. 

\  Determination  of  the  Functions  of  Nerves. — Various  methods  of 
|  termmi ng  the  functions  of  particular  nerves  present  themselves  to  the 

^Biological  inquirer.  One  source  of  evidence  is  drawn  from  their 
|  'ipheral  distribution.  For  example,  if  a  nervous  trunk  is  found  to 
I  >e  itself  entirely  in  the  substance  of  Muscles,  it  may  be  inferred  to  be 
I  ieny,  if  not  entirely,  motor  or  efferent.    In  this  manner  Willis  long 

>  determined  that  the  Third,  Fourth,  Sixth,  Portio  Dura  of  the  Seventh 
facial),  and  Ninth  cranial  nerves,  are  almost  entirely  subservient  to 

%v5  |he.e^Perime"ts  of  Gluge  and  Thiernesse,  in  Brown- Seqnard's  "Journal  de 
win!  >"•         -1.859.  voL  "  P-  686  ;  also  those  of  Philipneaux  and  Vulpian,  "  Comptes 

Archiv  Ge-n.  de  Med.,"  July  1863,  p.  122. 
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muscular  movement ;  and  the  same  had  been  observed  of  the  fibres  pro- 
ceeding from  the  small  root  of  the  Fifth  pair,  before  Sir  C.  Bell  experi- 
mentally determined  the  double  function  of  that  division  of  the  nerve 
into  which  alone  it  enters.    Again,  where  a  nerve  passes  through  the 
muscles,  with  little  or  no  ramification  among  them,  and  proceeds  to  a  j 
Cutaneous  or  Mucous  surface  on  which  its  branches  are  minutely  distri- 
buted, there  is  equal  reason  to  believe  that  it  is  of  a  sensory  or  rather  of 
an  afferent  character.    In  this  manner  Willis  came  to  the  conclusion, 
that  the  Fifth  pair  of  cranial  nerves  differs  from  those  previously  men- 
tioned, in  being  partly  sensory.    Further,  where  a  nerve  is  entirely  dis- 1 
tributed  upon  a  surface  adapted  to  receive  impressions  of  a  special  kind,! 
as  the  Schneiderian  membrane,  the  retina,  or  the  membrane  lining  the  I 
internal  ear,  it  may  be  inferred  that  it  is  not  capable  of  transmitting  any! 
other  kind  of  impressions ;  for  experiment  has  shown  that  the  specia It 
sensoiy  nerves  do  not  possess  common  sensibility.   The  case  is  different,! 
however,  in  regard  to  the  sense  of  taste,  which  originates  in  impressions! 
not  far  removed  from  those  of  ordinary  touch ;  and  it  is  probable  that  j 
the  same  nerves  minister  to  both. — Anatomical  evidence  of  this  kind  is  J 
valuable  also,  not  only  in  reference  to  the  functions  of  a  principal  trunk,  | 
but  even  as  to  those  of  its  several  branches,  which,  in  some  instances, 
differ  considerably.   Thus,  some  of  the  branches  of  the  Pneumogastric  are  | 
especially  motor,  and  others  almost  exclusively  afferent ;  and  anatomica  I 
examination,  carefully  prosecuted,  not  only  assigns  the  reasons  for  thest  n 
functions,  when  ascertained,  but  is  in  itself  nearly  sufficient  to  determine 
them.    For  the  superior  laryngeal  branch  is  distributed  almost  entirelm 
upon  the  mucous  surface  of  the  larynx,  the  only  muscle  it  supplies  beinlj 
the  crico-thyroid ;  whilst  the  inferior  laryngeal  or  recurrent  is  almosjr 
exclusively  distributed  to  the  muscles.    From  this  we  might  infer,  thall 
the  former  is  an  afferent,  and  the  latter  a  motor  nerve ;  and  experimental 
inquiries  (as  we  have  seen,  §  297)  fully  confirm  this  view.    In  lik 
manner  it  may  be  shown,  that  the  Glosso-pharyngeal  is  chiefly  an  afferent 
nerve,  since  it  is  distributed  to  the  surface  of  the  tongue  and  pharynsiu 
and  scarcely  at  all  to  the  muscles  of  those  parts ;  whilst  the  pharyngeal  ■> 
branches  of  the  Pneumogastric  are  chiefly,  if  not  entirely,  motor  (§  86  Jg 
Lower  down,  however,  the  branches  of  the  Glosso-pharyngeal  cease,  am 
the  (Esophageal  branches  of  the  Pneumogastric  are  distributed  both  to  tlji 
mucous  surface  and  to  the  muscles,  from  which  it  may  be  inferred  tap. 
they  are  both  afferent  and  motor  ;  a  deduction  which  experiment  com. 
firms  (§  87). — We  perceive,  therefore,  that  much  knowledge  of  the  funr 
tion  of  a  nerve  may  be  obtained  from  the  attentive  study  of  its  ultimarai 
distribution  ;  but  it  is  necessary  that  this  should  be  very  carefully  asceb' 
tained,  before  it  is  made  to  serve  as  the  foundation  for  physiologicHi 
inferences.   As  an  example  of  former  errors  in  this  respect,  may  be  niefe, 
tioned  the  description  of  the  Portio  dura  of  the  Seventh  (or  Facial)  ft 
first  given  by  Sir  C.  Bell ;  for  he  incorrectly  stated  it  to  be  distributer 
to  the  skin  as  well  as  to  the  muscles  of  the  face,  and  erroneously  m 
garded  it  as  in  part  an  afferent  nerve,  subservient  to  respiratory  m>pr« 
sions  as  well  as  to  motions.  In  the  same  manner,  from  inaccurate  obs|  a 
vation  of  the  ultimate  distribution  of  the  Superior  Laryngeal  nerve J- 
was  long  regarded  as  that  which  stimulated  to  action  the  constrictors  | 
the  glottis. 
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406.  But  the  knowledge  obtained  by  such  anatomical  examinations 
alone  is  of  a  very  general  kind  ;  and  requires  to  be  made  particular, — to 
be  corrected  and  modified, — by  other  sources  of  information.  One  of 
those  relates  to  the  connection  of  the  trunks  with  the  central  organs.  The 
evidence  derived  from  this  source,  however,  is  seldom  of  a  very  definite 
haracter ;  and,  in  fact,  Physiologists  have  rather  been  accustomed  to 
judge  of  the  functions  of  particular  divisions  of  the  nervous  centres  by 
those  of  the  nerves  with  which  they  are  connected,  than  to  draw  aid 
from  the  former  in  the  determination  of  the  latter.  Still,  this  kind  of 
examination  is  not  without  its  use,  when  there  is  reason  to  believe  that 
I  particular  tract  of  fibrous  structure  has  a  certain  function,  and  when 
the  office  of  a  nerve  whose  roots  terminate  in  it  is  doubtful.  Here,  again, 
bowever,  very  minute  and  accurate  examination  is  necessary,  before  any 

!  sound  physiological  inferences  can  be  drawn  from  facts  of  this  descrip- 
tion ;  and  many  instances  might  be  adduced  to  show,  that  the  real  con- 

;  aections  of  nerves  and  nervous  centres  are  often  very  different  from  their 

|  ipparent  ones. 

467.  Most  important  information  as  to  the  functions  of  particular 
;  lerves  may  be  drawn  from  experimental  inquiries ;  but  these  also  are 
iable  to  give  fallacious  results,  unless  they  are  prosecuted  with  a  full 
i  cnowledge  of  all  the  precautions  necessary  to  insure  success.    Some  of 
hese  will  be  here  explained. — In  the  first  place,  the  endowments  of  the 
runic  aud  of  the  roots  of  a  nerve  may  differ  ;  owing  to  the  admixture,  in 
he  former,  of  fibres  derived  by  inosculation  from  another  nerve  (§  468). 
Ience,  in  order  to  attain  satisfactory  results,  a  comparative  set  of  ex- 
>eriments  should  always  be  made  upon  each. — A  nerve-trunk  may  be 
jo  hastily  considered  as  motor,  on  account  of  the  excitation  of  muscular 
lovements  by  irritation  of  its  trunk,  whilst  still  in  connection  with  its 
entre ;  for  such  movements  may  be  called-forth,  not  only  by  the  direct 
nfluence  of  the  nerve  upon  the  muscles,  but  also  by  reflex  stimulation 
cting  through  the  ganglionic  centre  upon  some  other  nerve.    The  real 
>-k  ature  of  such  movements  can  only  be  determined  by  dividing  the  trunk, 
ad  then  irritating  each  of  the  cut  extremities.    If,  upon  irritating  the 
>  fc :  ad  separated  from  the  centre,  muscular  contractions  are  produced,  it 
I  iay  be  safely  inferred  that  the  nerve  is,  in  part  at  least,  of  an  efferent 
I  baracter.    Should  no  such  result  follow,  this  would  be  improbable.  If, 
I  n  the  other  hand,  muscular  movement  should  be  produced  by  irritating 
I  ie  extremity  in  connection  with  the  centre,  it  will  then  be  evident,  that 
;   •  is  occasioned  by  an  impression  conveyed  towards  the  centre  by  this 
j  'unk,  and  propagated  to  the  muscles  by  some  other ;  in  other  words,  to 
se  the  language  of  Dr.  M.  Hall,  this  nerve  is  an  '  excitor '  of  motion, 
i  ot  a  direct  motor  nerve.   The  Glosso-pharyngeal  has  been  satisfactorily 
stermined,  by  experiments  of  this  kind,  performed  by  Dr.  J.  Reid  (§  86), 
»  be  chiefly,  if  not  entirely,  an  afferent  nerve. — It  has  been  from  the 
I  ant  of  a  proper  mode  of  experimenting,  that  the  functions  of  the  posterior 
I  >ots  of  the  Spinal  nerves  have  been  regarded  as  in  any  degree  motor, 
tney  be  irritated,  without  division  of  either  root,  motions  are  often 
cited ;  but  if  they  be  divided,  and  their  separated  trunks  be  then  irri- 
ted,  no  motions  ensue ;  nor  are  any  movements  produced  by  irritation 
the  roots  in  connection  with  the  spinal  cord,  if  the  anterior  roots  have 
ien  divided.    Hence  it  appears  that  these  fibres  do  not  possess  any 
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direct  motor  powers,  but  that  they  convey  impressions  to  the  centre 
which  are  reflected  to  the  muscles  through  the  anterior  roots. — The  same 
difficulties  do  not  attend  the  determination  of  the  sensory  endowments  of 
nerves.  If,  when  the  trunk  of  a  nerve  is  pricked  or  pinched,  the  animal 
exhibits  signs  of  pain,  it  may  be  concluded  that  the  nerve  is  capable  of 
receiving  and  transmitting  sensory  impressions  from  its  peripheral  ex- 
tremity. But  it  not  unfrequently  happens  that  this  capability  is  derived 
by  inosculation  with  another  nerve  ;  as  is  the  case  with  the  Facial,  which 
is  sensory  after  it  has  passed  through  the  parotid  gland,  having  received 
there  a  twig  from  the  Fifth  pair. 

468.  The  fallacies  to  which  all  experiments  upon  the  nerves  are  sub-| 
ject,  arising  from  the  partial  loss  of  their  power  of  receiving  and  convey-l 
ing  impressions,  and  of  exciting  the  muscles  to  action,  after  death,  are  tool 
obvious  to  require  more  particular  mention  here  ;  yet  they  are  frequently 
overlooked.    Of  a  similar  description  are  those  arising  from  severe  dis-l 
turbance  of  the  system,  in  consequence  of  operations ;  which  also  have 
not  been  enough  regarded  by  experimenters. — As  a  general  rule,  negative 
results  are  of  less  value  than  positive;  but  very  careful  discrimination  is 
often  required  to  determine  what  are  negative,  and  what  positive  results] 
Each  particular  case  has  its  own  sources  of  fallacy,  which  require  to  be 
logically  scrutinized ;  and  the  only  satisfactory  proof  is  derived  from  the 
concurrence  of  every  kind  of  evidence  which  the  nature  of  the  inquiry 
admits-of.    Thus  in  the  determination  of  the  functions  of  a  particulaJ 
nerve-trunk,  it  should  be  shown  that  a  certain  effect  is  constantly  pro-j 
duced  by  its  excitation  (under  the  conditions  laid-down  in  the  preceding 
paragraph),  and  that  a  corresponding  interruption  in  the  action  to  whic| 
it  is  hence  inferred  to  be  subservient,  takes  place  when  its  continuity  ha 
been  interrupted  :  by  this  double  proof,  the  Glosso-pharyngeal  and  th 
Pneumogastric  are  shown  to  be  the  principal,  but  not  the  sole,  excitoi 
of  the  movements  of  Deglutition  and  Inspiration  respectively.  But 
evidence  afforded  solely  by  the  interruption  of  a  particular  function,  aftd 
the  division  of  a  certain  nerve,  or  the  destruction  or  removal  of  a  nervou 
centre,  is  by  no  means  so  satisfactory  ;  for  this  may  be  occasioned  rathd 
by  the  general  effects  of  the  operation,  than  by  the  simple  lesion  of 
nervous  apparatus.  In  order  to  get  rid,  so  far  as  possible,  of  this  sourd 
of  fallacy  (which  particularly  affects  experiments  upon  the  Encephalf 
centres,  and  upon  the  influence  of  the  nerves  upon  the  viscera),  it 
desirable  to  perform  comparative  experiments,  in  which  the  general  uyu 
shall  be  as  nearly  as  possible  the  same,  and  the  only  difference  shall 
in  the  lesion  of  the  nervous  system  ;  and  to  subtract  from  the  entil 
result  all  that  can  be  thus  shown  to  be  attributable  to  the  general 
turbance  produced  by  the  operation.  But  even  then,  it  may  happen  tr 
the  function  is  only  suspended  for  a  time,  by  the  shock  which  has  be 
induced  by  the  injury  to  the  nerve  ;  and  if  it  should  be  subsequent 
renewed  without  any  reunion  of  the  trunk,  we  have  the  most  convincif 
proof  that,  whatever  degree  of  participation  the  nerve  may  have  in] 
the  action  is  not  essentially  dependent  upon  the  integrity  of  that  port! 
of  the  nervous  apparatus.  Such  we  have  seen  to  be  the  case,  in  re£al?l 
the  relation,  of  the  Pneumogastric  nerves  to  the  secretion  of  gastric  nj 
in  the  walls  of  the  stomach  (§§  108,  109).  „  I 

469.  All  our  positive  knowledge  of  the  functions  of  the  Nervous  Q)  &l 
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general,  save  that  which  results  from  our  own  consciousness  of  what 
passes  within  ourselves,  and  that  which  we  obtain  from  watching  the 
manifestations  of  disease  in  Man,  is  derived  from  observation  of  the  phe- 
nomena exhibited  by  animals  made  the  subjects  of  experiments;  and  in 
the  interpretation  of  these,  great  caution  must  be  exercised. — In  the  first 
place  it  must  be  constantly  borne  in  mind,  that,  except  through  the  move- 
ments consequent  upon  them,  we  have  no  means  of  ascertaining,  whether 
or  not  particular  changes  in  the  Nervous  System,  whose  character  we  are 
endeavouring  to  determine,  are  attended  with  sensation ;  since  we  have 
no  power  of  judging  whether  or  not  this  has  been  excited,  save  by  the 
cries  and  struggles  of  the  animal  made  the  subject  of  experiment.  Now 
although  such  cries  and  struggles  are  ordinarily  considered  as  indications 
of  pain,  yet  it  is  not  right  so  to  regard  them  in  every  instance ;  and  the 
only  unequivocal  evidence  is  derived  from  observation  of  the  correspond- 
ing phenomena  in  the  Human  subject ;  since  we  can  there  ascertain,  by 
the  direct  testimony  of  the  individual  affected,  what  impressions  pro- 
duce sensation,  and  what  excite  movements  independently  of  sensation. 
Further,  we  are  not  justified  in  assuming  that  Consciousness  is  excited 
by  an  irritation,  still  less  that  Intelligence  and  Will  are  called  into  exer- 
cise by  it,  merely  because  movements  evidently  tending  to  get  rid  of  its 
source  are  performed  in  respondence  to  it.    We  know  that  the  contrac- 
tions of  the  heart  and  alimentary  tube  are  ordinarily  excited  by  a  stimulus, 
without  any  sensation  being  involved ;  and  these  movements,  like  all  that 
ire  concerned  in  the  maintenance  of  the  Organic  functions,  have  an 
Dbvious  design,  when  considered  either  in  their  immediate  effects,  or  in 
:heir  more  remote  consequences.    The  character  of  adaptiveness,  then, 
n  Muscular  movements  excited  by  external  stimuli,  is  no  proof  that  they 
ire  performed  in  obedience  to  sensation;  much  less  that  they  have  a 
voluntary  character.    In  no  case  is  this  adaptiveness  more  remarkable, 
i  han  in  some  of  those  actions,  which  are  not  only  performed  without  any 
I  iffort  of  the  will,  but  which  the  will  cannot  imitate.    This  is  the  case, 
or  example,  with  the  act  of  Deglutition  (§§  83,  84),  the  muscles  con- 
orned  in  which  cannot  be  thrown  into  contraction  by  a  voluntary  im- 
pulse, being  stimulated  only  by  impressions  conveyed  from  the  mucous 
urface  of  the  fauces  to  the  Medulla  Oblongata,  and  thence  reflected  along 
he  motor  nerves.   No  one  can  swallow,  without  producing  an  impression 
i  jf  some  kind  upon  this  surface,  to  which  the  muscular  movements  will 
l  immediately  respond.    Now  it  is  impossible  to  conceive  any  movements 
;  *iore  perfectly  adapted  to  a  given  purpose,  than  are  those  of  the  parts  in 
t  [uestion ;  and  yet  they  are  independent,  not  only  of  volition  but  of  sen- 
ation,  being  still  performed  in  cases  in  which  consciousness  is  completely 
\  uspended  or  entirely  absent.    The  act  of  Sucking  in  the  infant,  again, 
I*  one  in  which  a  number  of  muscles  are  called  into  combined  contraction, 
j  'i  a  manner  which  shows  a  complete  adaptation  to  a  given  purpose;  and 
I  et  it  is  impossible  to  suppose  this  adaptation  to  be  purposive  on  the  part 
I    the  infant  itself ;  more  especially  as  it  is  shown  both  by  the  occur  - 
1  ence  of  monstrosities,  and  by  experiments  made  with  this  object,  that  no 
I  art  of  the  Cranio-spinal  axis  above  the  Medulla  Oblongata  is  necessary 
5 't.    And  in  the  acts  of  Coughing  and  Sneezing  (§  300),  we  have 
itional  examples  of  the  most  adaptive  movements,  executed  by  a 
larvellous  combination  of  separate  muscular  actions,  with  the  obvious 


528 


FUNCTIONS  OF  TIIE  CEREBRO-SPINAL  NERVOUS  SYSTEM. 


purpose  of  removing  sources  of  irritation  from  the  air-passages ;  and 
yet  we  know  by  personal  experience,  that  this  combination  is  not  made 
with  any  design  of  our  own. 

470.  The  activity  of  the  nervous  ganglia  and  of  the  nervous  cords  is 
alike  called  into  action  by  the  application  of  stimuli.    These  vary  in 
their  nature,  and  whilst  some,  as  electrical  currents,  chemical  agents  and 
mechanical  pressure,  can  excite  all  nerves  to  action,  others,  like  the  vibra- 
tions of  light  and  sound,  odorous  emanations,  and  heat,  appear  to  be  only 
capable  of  exciting  nerves  whose  intimate  structure  especially  adapts 
them  for  responding  to  the  impressions  made  by  these  delicate  yet  active 
agents.    Although  the  conducting  power  of  the  Nerves  for  electrical 
currents  is  many  thousand  times  less  than  metallic  threads,  electricity  I 
appears  to  be  the  stimulus  which  most  readily  affects  them,  whatever 
may  be  their  function ;  exciting  not  only  the  various  sensory  nerves, 
but  being  also  the  most  powerful  agent  with  which  we  are  acquainted 
for  inducing  the  contraction  of  muscles  when  applied  to  the  motor  nerves I 
that  supply  them.    The  effects  of  electricity  upon  nerves  differ  re-| 
markably  according  to  whether  a  continuous  or  an  interrupted  current! 
is  employed.    A  continuous  current  passed  across  a  nerve  at  right  I 
angles  occasions  no  contraction ;  but  if  it  be  directed  up  or  down  thel 
nerve,  contraction  commonly  occurs  at  the  moment  of  closing  and  opening! 
the  current,  though  none  during  its  steady  and  uniform  passage.  With! 
an  interrupted  current,  on  the  contrary,  the  nerve  being  kept  in  a  con- 
stant state  of  excitation,  the  muscles  supplied  by  it  pass  into  a  state  of 
permanent  or  tetanic  contraction.    With  a  continuous  current,  contrac- 
tion is  observed  to  take  place,  not  only  at  the  moment  of  closing  and 
opening,  but  also  when  any  sudden  change,  either  of  increase  or  de-j 
crease,  occurs  in  the  intensity  of  the  transmitted  current.    It  is  proba-^ 
ble  that  in  all  instances  the  condition  of  nervous  activity  is  accompanied 
by  a  change  in  the  molecular  condition  of  the  particles  of  the  nervej 
which  is  more  easily  effected  in  sensory  than  in  motor  nerves,  the  latteJ 
requiring  a  much  more  energetic  operation  of  the  several  kinds  < 
stimuli  than  the  former.    Whatever  may  be  the  nature  of  the  stimuli 
acting  upon  a  nerve,  and  however  energetic  its  operation,  neither  sensaj 
tion  nor  motion  is  produced  when  the  passage  from  one  grade  of  inj 
tensity  to  another  is  extremely  gentle.    Thus,  if  mechanical  pressure  b| 
so  applied  to  a  motor  nerve,  as  that,  commencing  with  the  slighted 
possible  contact,  it  may  steadily  and  continuously  increase  in  force  evei 
till  the  nerve  be  killed  at  that  spot,  no  convulsions  occur  in  the  muscle) 
to  which  it  is  distributed.*    Muscular  contraction  only  supervenes  whej 
sudden  changes,  producing  a  kind  of  shock,  are  made  either  in  lncreasn 
or  diminishing  pressure.    In  proportion  to  the  energy  of  the  shock 
vibration  of  the  particles  of  the  nerve,  is  the  effect  produced  on  it 
muscles :  thus  we  see  that  tetanic  convulsions  may  be  induced  by  vie 
lent  extension  of  a  nerve,  and  that  the  whole  body  of  a  decapitated  fro 
can  be  rendered  rigid  by  throwing  it  on  the  ground.    In  a  smulj 
manner,  whilst  the  sudden  application  of  a  ligature  to  a  sensory  neri) 
produces  acute  pain,  numbness  ultimately  passing  into  entire  insens 
bility  is  the  only  effect  if  it  be  gradually  applied.    These  phenomej 
have  been  expressed  by  Du  Bois-Keymond  in  the  following  proposition 

*  Schiff,  "  Physiologic,"  1859,  p.  94. 
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which,  whilst  it  is  especially  applicable  to  the  passage  of  electrical  cur- 
rents, yet  holds  equally  for  all  kinds  of  stimuli.  He  states  that  a  motor 
nerve  is  not  excited  by  the  absolute  amount  of  the  intensity  of  the  cur- 
rent, but  by  the  variations  of  this  amount  from  one  instant  to  another ; 
and  the  excitation  caused  by  these  changes  is  greater  the  more  rapidly 
the  changes  take  place,  or  the  greater  they  are  in  a  given  time.  Chauveau* 
has  endeavoured  to  explain  the  effects  of  the  electrical  current  on  the 
supposition  that  it  produces  a  mechanical  commotion  in  the  particles  of 
the  nerve.    Chemical  stimuli  act  but  slowly  on  nerves,  which  we  may 
attribute  to  the  sheath  of  the  fibres  affording  a  certain  amount  of  pro- 
tection to  the  contents.    The  sensory  nerves  appear  to  be  much  more 
readily  acted  on,  and  by  a  much  greater  range  of  chemical  agents,  than 
the  motor  nerves;  powerful  stimuli  for  the  latter  are,  however,  found  in 
solutions  of  Soda  and  Potash,  even  when  not  exceeding  2  per  cent.,  in 
those  of  Nitrate  of  Potash  and  of  Hydrochloric  acid,  containing  20  per 
cent.,  and  in  concentrated  solutions  of  Ammonia  and  Alcohol  (90  per 
cent.) ;  the  latter,  however,  rapidly  killing  the  nerve  at  the  point  where 
they  have  been  applied.    Bisulphide  of  carbon,  the  setherial  oils,  and 
3oncentrated  mineral  acids  kill  the  nerve  at  once,  without  producing 
convulsions,  f    Water  applied  to  nerve-trunks  excites  no  muscular  con- 
tractions, but  if  injected  into  the  vessels  distributed  to  a  muscle  induces 
very  violent  convulsions,  which  are  believed  by  Schiff  to  be  due  to  the 
iirect  effect  of  the  water  upon  the  delicate  terminations  of  the  nerves  in 
he  muscles.  Withdrawal  of  water  from  the  nerves,  if  effected  gradually, 
irproduces  no  effect,  but  if  accomplished  rapidly,  produces  tetanus.^:  As 
regards  thermic  irritation  as  a  stimulus  for  the  nerves,  it  has  been  shown 
)y  Weber  that  the  sensory  nerves  do  not  perceive  positive  tempera- 
|  ;ure,  but  only  variations  in  the  degree  of  heat  of  external  objects.  The 
I  nfluence  of  variations  of  temperature  on  motor  nerves  has  been  investi- 
,ated  by  Eckhard,  who  has  shown  that  a  temperature  of  about  130°  F. 
■'  >roduces  convulsions  in  frogs,  which,  however,  soon  cease ;  the  irrita- 
)ility  of  the  nerves  being  then  lost,  though  upon  cooling  they  occa- 
ionally  regain  it.    Sudden  exposure  to  a  temperature  of  about  25°  F. 
■  lso  produces  convulsions. §    Temperatures  intermediate  to  these  limits 
,  lo  not  occasion  convulsions,  but  the  nerve  soon  loses  its  irritability 
I  fhen  exposed  to  those  near  either  the  higher  or  the  lower  extreme, 
j  'loreover,  here  also  sudden  variations  produce  convulsion  with  more 
|  ertainty  than  when  the  change  is  slow  and  gradual. 

471.  D  uring  life,  and  in  the  healthy  state,  the  excitability  of  a  motor 
!  erve  gradually  diminishes  from  its  origin  to  its  distribution  in  the 
uiscle,  so  that  a  stimulus  of  determinate  intensity  produces  a  more 
|  nergetic  contraction  of  a  muscle  in  proportion  to  the  distance  from  the 
|  luscle  that  it  is  applied  to  the  nerve,  or,  as  it  is  expressed  by  PHuger, 
I  *  proportion  to  the  length  of  the  myopolar  portion  of  nerve.  Thus 
j  ,udge  found  that  to  produce  the  same  effect — i.e.  the  same  amount  of 
^ntraction — it  was  necessary  to  apply  a  stimulus  of  more  than  double 

576. 
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the  strength  close  to  a  muscle,  than  was  requisite  if  the  stimulus  were 
applied  to  the  portion  of  nerve  near  its  origin.  The  question  arises 
whether  the  nerve  is  itself  more  excitable  at  the  parts  nearer  the  centre 
or  whether  the  stimulus  does  not  gain  force  in  its  descent,  and  produce 
like  an  avalanche,  an  effect  greater  in  proportion  to  the  distance  it  has 
traversed.  Pnuger  expresses  himself  decisively  in  favour  of  the  latter 
supposition.  Yet  it  seems  opposed  to  our  ordinary  notions  of  the  re- 
sistance offered  to  the  passage  of  currents  by  conductors,  and  the  phe- 
nomenon appears  to  be  more  readily  explicable  on  the  supposition  that 
the  structure  of  the  nerve,  and  especially  of  its  sheath,  may  be  more 
delicate  in  those  parts  which  are  more  protected,  and  that  it  con- 
sequently there  more  readily  responds  to  impressions.  After  death  the 
excitability  of  the  nerves  dies  out  centrifugally,  the  part  in  proximity 
to  the  muscles  remaining  longest  excitable  ;  but  Rosenthal  has  shown 
that  immediately  after  death  the  excitability  of  the  nerve  is  for  a  short 
period  considerably  exalted,  and  that  this  exaltation  is  shorter  in  dura- 
tion in  proportion  to  the  distance  of  the  portion  of  nerve  examined  from 
the  muscle.  According  to  Oehl,*  if  the  needle  of  a  sensitive  thermo- 
electric apparatus  be  made  to  traverse  a  large  nerve  like  the  sciatic,  a 
marked  increase  of  temperature  occurs  at  the  moment  that  its  functional 
activity  is  excited  by  mechanical  or  electrical  excitation. 

472.  The  rapidity  with  which  sensory  and  motor  impressions  are 
transmitted  through  the  Nerves  of  the  living  body  is  apparently  so  great, 
and  the  means  of  estimating  it  at  our  disposal  so  few,  that  it  is  doubtful 
whether  we  shall  ever  be  able  to  determine  it  with  accuracy ;  but  the 
ingenuity  of  Helmholtz  has  enabled  him  to  ascertain  with  some  preci- 
sion the  rate  at  which  the  change  induced  by  the  passage  of  an  electrical 
current  is  propagated  along  a  small  portion  of  a  nerve.    The  following 

Fig.  145. 


figure  and  description  deserve  attention,  since  they  exhibit  the  nio 
which  physical  research  can  be  applied  to  the  most  recondite  que 

*  "Annali  Univevsali,"  torn.  cxc.  1864,  p.  465;  1865,  p.  601. 
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tions  of  animal  life.    It  is  required  to  measure  the  time  which  any  exci- 
tation takes  to  travel  from  the  cut  end  a  of  the  nerve  n  to  its  point  of 
entrance  b  into  the  muscle  m.    As  the  means  of  excitation,  Helmholtz 
employs  an  instantaneous  induction  current  in  the  folloAving  mode  : — 
»At  the  moment  that  a  constant  current  passing  through  the  coil  p,  from 
the  battery  k,  is  broken,  an  instantaneous  induced  current  passing  in  the 
same  direction  is  excited  in  Q ;  this  is  the  stimulus  acting  on  the  nerve 
,at  a.    The  time-measuring  current  is  formed  by  a  second  battery  h, 
into  some  part  of  whose  circuit  a  galvanometer  e  is  introduced.    It  is 
requisite  that  the  closure  of  this  current  should  be  precisely  coincident 
with  the  opening  of  the  inducing  current  from  K,  by  which  the  induced 
current  at  q,  or  the  stimulus,  is  produced ;  this  is  effected  by  the  lever 
(abc,  whose  arm  a  rests  on  the  metal  plate  o  and  completes  the  circuit 
k  l  a  p.    If  now  the  metal  point  d  be  forcibly  pressed  on  b,  the  time- 
■  measuring  current  passing  through  eibdefg  will  be  closed;  but 
I  at  the  same  instant,  from  the  depression  of  the  arm  B,  the  stimulus  will 
|  be  applied  to  the  nerve  through  the  opening  of  the  inducing  current 
I  k  l  a  p,  which  is  the  result  of  the  elevation  of  the  arm  a.    But  as 
!  ioon  as  the  stimulus  has  reached  the  muscle  m,  after  traversing  the 
|  ierve  n  the  muscle  contracts,  raising  with  it  the  hook  g,  which  just 
i  lips  into  the  cup  of  mercury  f,  and  consequently  breaking  the  time- 
!  ueasuring  current  proceeding  from  the  battery  H.    The  extent  to  which 
L  he  galvanometer  needle  has  been  deflected  indicates  the  time  during 
|  vhich  the  current  has  been  flowing  through  the  circuit  eibdefg, 
|  hat  is,  the  time  which  has  intervened  from  the  instant  of  the  application 
I  >f  the  stimulus  to  the  nerve  at  a,  to  the  moment  when  the  contraction 
I  <f  the  muscle  breaks  that  current.    A  portion  of  this  time  is  occupied 
I  a  the  transmission  of  the  stimulus  from  the  point  a  to  the  muscle,  and 
\  portion,  termed  the  period  of  latent  excitation,  elapses  before  the 
V.  luscle  responds  to  the  stimulus.    In  order  to  ascertain  the  duration  of 
the  former  period,  the  experiment  is  repeated  with  this  alteration,  that 
t  he  stimulus  is  applied  at  b,  and  again  the  extent  to  which  the  needle  is 
;  t  eflected  is  read  off ;  the  difference  between  the  two  observations  then 
I  ives  the  time  occupied  by  the  stimulus  in  passing  from  a  to  b.  From 
[  l:  umerous  experiments  with  this  instrument,  Helmholtz  arrived  at  the 
ji  onclusion  that  in  the  Frog,  at  a  temperature  between  52°  F.  and  70°  F., 
I  le  rapidity  of  the  propagation  of  impressions  along  motor  nerves  was 
pl.'om  81  to  126  feet  per  second,  and  he  estimates  the  rapidity  for  human 
I  erve  at  somewhat  more  than  200  feet  per  second.    Other  observers 
I  ave  obtained  the  following  results  : — Hirsch,*  34  meters  (111*5  feet)  ; 
|  id  Schelske,t  29^  meters  (98-4  feet)  per  second  in  the  Frog.  Marey,J 
|  om  12  to  15  meters  (36  to  48  feet)  per  second  in  the  same  animal  in 
I  inter.    Donders  and  de  Jaager,§  26-09  meters  (88  feet)  for  the 
j  nsory  nerves  of  Man.    And  Kohlrausch  ||  also  from  experiments  on 
|  -an,  at  94  meters  (308*3  feet)  per  second.    Still  more  recently 
I  elmholtz,^"  in  experiments  conducted  with  Herr  Baxt,  obtained  the 

I  +  p°H8chott'8  "  Untersuch.,"  Bd.  ix.  1863,  p.  183. 

I  «  .?tJcrrt'H  "  Arcbiv,"  1864,  p.  151.         J  "  Gaz.  MeU  do  Paris,"  1866,  p.  124. 
M  1  wWe1derlftnd«*li.  Archief,"  Bd.  i.  p.  518. 
I  Jr  «  p  •'  Pfeuffer'8  "  Zeits.,"  Bd.  xxviii.  1866,  p.  190. 
I  11    Berichte  der  Berliner  Akadem.,"  1867,  p.  229. 
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number  33-905  (111-22  feet)  for  Man.  That  considerable  differences 
exist  in  the  rapidity  of  propagation  of  the  Nerves  themselves  is  evident 
as  Budge*  remarks,  from  the  effects  produced  on  the  Iris  by  irritating 
the  Third  and  the  Fifth  nerves  in  Rabbits,  contraction  following  quickly 
in  the  former  and  slowly  in  the  latter  case.  And  Colinf  has  noticed 
that  if  the  sympathetic  ganglia  are  strongly  irritated,  reflex  movements 
are  immediately  produced ;  but  when  the  excitation  is  more  feeble  a 
longer  time  elapses  before  the  movements  occur.  M.  Hirsch  has  even 
attempted  to  determine  the  relative  rapidity  with  which  impressions  are 
transmitted  through  the  nerves  of  sight,  hearing  and  touch ;  and  the 
following  Table  gives  his  conclusions,  in  Avhich  the  term  '  Physiological 
time'  signifies  the  period  occupied  in  the  perception  of  the  impression, 
and  in  the  origination  and  execution  of  the  muscular  movement  by 
which  the  time  was  registered  : — 


Sense. 

i 

Hiksch.              |  Hamket.J 

Physiological 
Time. 

Mean 
Variation. 

Physiological 
Time. 

2.  Visual  perception  of  a  spark  .  . 

3.  Visual  perception  of  the  transit ) 

4.  Touch  (left  hand)  

0-149 
0-200 

0077 

0-182 

+  0-025 
+  0-016 

+  0-025 

±  0-016 

0-1505 
0-2057 

0-1 546 

Thus  it  will  be  observed  that  the  perception  and  registration  of  an  unex- 
pected appearance  (spark)  occupies  much  more  time  than  the  perception 
of  a  slowly-awaited  one  (transit  observation),  and  one-third  more  than 
even  the  perception  of  a  sound ;  but  the  mean  variation  in  the  iatter  case 
was  considerably  greater. 

473.  Electrical  Currents  of  the  Nerves. — The  discovery  that  an  electric 
current   exists  in  Nerves,  is  entirely  due  to  M.  du  Bois-Reymond. 
When  a  small  piece  of  a  nerve-trunk  is  cut-out  from  the  recently-killed 
body,  and  is  so  placed  upon  the  electrodes  of  a  Galvanometer  that  itj 
touches  one  of  them  with  its  surface  (or  natural  longitudinal  section), 
and  the  other  with  its  cut  extremity  (or  artificial  transverse  section),  a  I 
considerable  deflection  of  the  index  is  produced,  the  direction  of  which  J 
always  indicates  the  passage  of  a  current  from  the  interior  to  the  ex-J 
terior  of  the  nerve-trunk.    It  is  indifferent  in  regard  to  the  direction  oi 
the  current,  whether  the  central  or  the  peripheral  cut  extremity  be  ap- 
plied to  the  electrode ;  and  in  fact  the  most  powerful  effect  is  obtainec 
by  doubling  the  nerve  in  the  middle,  and  applying  both  transverse  seen 
tions  to  one  electrode,  whilst  the  loop  is  applied  to  the  other.    On  tha 
other  hand,  if  the  two  cut  extremities  be  applied  to  the  two  electrodes  rej  q 
spectively,  no  decided  effect  is  produced ;  and  the  same  neutrality  existj 
between  any  two  points  of  the  surface  of  the  trunk,  equidistant  front  f 
the  middle  of  its  length  ;  but  if  the  points  be  not  equidistant,  then  j 
slight  deflection  is  produced,  indicating  that  the  parts  nearer  the  nnaqil 

*  "  Physiologie,"  p.  655,  1862.  +  "  Comptes  Rendus,"  1861,  torn.  i.  p- 

$  "Ber.  d.  k.  Sachs.  Gesell.  der  Wish.,"  Feb.  1866. 
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are  positive  to  those  nearer  the  extremities.  It  has  not  been  found  pos- 
sible, owing  to  the  small  size  of  the  nerve-trunks  experimented-on,  to 
test  in  a  similar  manner  the  relative  state  of  different  points  of  their 
transverse  section  ;  but  there  can  be  little  doubt,  from  the  complete  con- 
formity Avhich  exists  in  other  respects  between  nervous  and  muscular 
currents,  that  the  same  law  will  be  found  to  prevail  in  the  former  as  in 
the  latter  case — namely,  that  the  points  nearer  the  surface  are  positive 
to  those  nearer  the  centre.  There  is  no  difference  between  the  motor 
and  the  sensory  nerves  in  regard  to  the  direction  of  this  current,  the 
existence  of  which  has  been  proved  by  M.  du  Bois-Eeymond,  not  only 
by  the  galvanometer,  but  also  by  the  excitement  of  contractions  in  the 
limb  of  the  galvanoscopic  frog. — The  1  nervous  current,'  like  the  mus- 
cular, must  be  considered  as  derived  from  the  electromotive  action  of 
the  molecules  of  the  nerve  5  and  it  seems  unquestionable,  that  every  in- 
tegral particle  of  the  nervous  substance  must  be  a  centre  of  electro- 
motor action,  and  must  contain  within  itself  positive  and  negative  ele- 
ments ;  and  the  variations  both  of  intensity  and  direction  in  the  nervous 
urrent,  under  certain  circumstances,  are  so  sudden  and  so  extensive, 
hat  it  appears  impossible  to  account  for  them  by  any  change  of  larger 
eterogeneous  elements,  or  in  any  other  way  than  by  assuming  corre- 
ponding  changes  of  position  in  almost  infinitely  small  centres  of  action, 
t  is  indifferent  what  form  is  assigned  to  these  electromotive  molecules ; 
ut  it  would  seem  that  they  must  have  two  negative  polar  zones,  and  a 
ositive  equatorial  zone ;  a  combination  of  such  elements  being  able  to 
roduce  all  the  electrical  effects  of  a  nerve  in  a  state  of  rest.  It  seems 
together  best  to  suit  the  phenomena,  to  suppose  that  each  of  these  peri- 
olar  molecules  is  formed  by  the  combination  of  two  dipolar  molecules, 
ouching  each  other  by  their  positive  poles, — as  in  the  subjoined  Table, 
hich  represents  a  band  of  four  series,  a,  b,  C,  d,  each  series  containing 
ur  dipolar  molecules. 


1 

2 

3 

4 

A.  .    .    .  _++_ 

B.  .    .    .       — ++- 

C.  .    .    .  -++^- 

D.  .    .    .  -++- 

v  ,  ' 

—  +  +  — 

—  +  +  — 

—  +  +  — 

—  +  +  — 

 k  s 

—  +  +  — 

—  +  +  — 

—  +  +  — 

—  +  +  — 
s  1 — 

—  +  +  — 

—  +  +  — 

—  +  +  — 

—  +  +  — 

1 

Dr.  Kadcliffe*  thinks  it  is  more  easy  to  suppose  that  each  nervous  fibre 
s  composed  of  two  sets  of  electrical  molecules ;  one  set  in  which  the 
positive  electricity  is  external,  and  the  negative  electricity  internal ;  the 
>ther  set  in  which  the  negative  electricity  is  external,  and  the  positive 
lectricity  internal :  and  further,  that  those  molecules  in  which  the  nega- 
ive  electricity  is  external  are  arranged  in  the  core  of  the  fibre,  and  that 
he  molecules  in  which  the  positive  electricity  is  external  are  clustered 
ogether  as  a  coating  around  this  core  ;  whence  it  follows  that  "  the  longi- 
ttdinal  surface  of  the  fibre  will  be  electrified  positively,  seeing  that  it  is 
omposed  of  molecules  of  which  the  positive  electricity  is  external,  and 
«e  transverse  surface  would  be  electrified  negatively,  for  this  surface  in- 
olves  the  exposure  of  molecules  of  which  the  negative  electricity  is 

*  "Lectures  on  certain  Disorders  of  the  Nervous  System,"  1854,  p.  21. 
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external."  The  relative  position  of  these  sets  of  molecules  may,  however 
under  certain  circumstances,  be  changed ;   and  the  very  remarkable 
modification  of  the  '  nervous  current,'  which  has  been  shown  by  M.  du, 
Bois-Eeymond  to  follow  severe  injuries  of  the  nerve  by  mechanical, 
chemical,  or  thermal  agencies  appears  to  be  attributable  to  such  an  altera- 
tion.   If,  for  instance,  a  piece  of  hot  metal  be  brought  near  to  the  nerve 
without  touching  it,  the  nervous  current  will  be  seen  to  diminish  rapidly, 
and  to  have  its  direction  reversed,  during  which  the  property  possessed  by 
thenerve  of  conveying  irritation  to  the  muscle  though  somewhat  impaired, 
will  not  be  destroyed  ;  and  if,  whilst  in  this  abnormal  state  the  nerve  be 
divided,  every  transverse  section  is  found  neutral  or  positive  to  the  longi- 
tudinal section,  instead  of  negative.    If  the  nerve-trunk  be  then  placed 
between  muscles,  so  as  to  recover  its  natural  moisture,  it  will  at  the  same 
time  recover  its  usual  electromotive  power.    According  to  M.  du  Bois- 
Keymond,  the  current  shown  by  the  entire  nerve,  when  made  to  form  part 
of  a  circuit,  is  only  a  derived  current  produced  by  incomparably  more  in- 
tense currents  circulating  in  the  interior  of  thenerve  around  these  ultimate 
particles,  varying  greatly  in  intensity  according  to  the  mode  in  which 
these  particles  are  arranged ;  but,  generally  speaking,  increasing  both  with 
the  length  and  with  the  thickness  of  the  nerve.  Dr.  Radcliffe,  however, 
believes  that  all  the  phenomena  of  sensation  and  motion  can  be  better  ex- 
plained oil  the  supposition  that  the  primary  electrical  condition  of  living 
muscle  and  nerve  is  one  of  statical,  and  not  one  of  current  electricity  ;  for 
by  this  means  the  various  signs  of  electrical  tension  which  can  readily  be 
shown  in  living  nerve,  and  which  is  so  characteristic  of  statical  as  contra- 
distinguished from  current  electricity,  can  be  rendered  easily  intelligible ; 
and  he  consequently  believes  the  "  current "  which  may  be  show  to  be 
present  in  living  nerve  in  a  state  of  inaction  is  a  secondary,  and  not,  as 
M.  du  Bois-Reymond  considered  it,  a  primary  phenomenon.  Putting 
aside  Dr.  Radcliffe's  theory  for  the  present,  we  have  now  to  lbllow  M.  du 
Bois-Reymond  through  his  investigations  on  the  change  in  the  condition  of 
the  '  nervous  current,'  whilst  the  nerve  is  in  a  state  of  functional  activity, 
whether  motor  or  sensory.    For  the  examination  of  this  it  is  desirable 

to  induce  a  state  of  continuous  action  in  the 
Fig.  146.  nerve,  analogous  to  the  tetanic  contraction  of 

z     i  >  muscle ;    and  this  condition   in  the  motor 

j      !  j  nerve  is  manifestly  that  which  induces  tetanus 

in  its  muscle,  whilst  in  sensory  nerves  it  is 
that  in  which  a  violent  sensation  is  unin- 
terruptedly kept-up.  No  means  of  exciting 
such  a  state  are  so  certain  and  simple  as 
electric  currents ;  but  it  is  necessary  in  the 
first  place  to  determine  the  modification  which 
these  currents  may  themselves  produce  m  the 
proper  '  nervous  current.'  If  a  portion  o 
nerve-trunk  be  so  placed  (Fig.  146),  that  it 
touches  one  of  the  electrodes  by  its  trans- 
verse section  (which  may  be  designated  r), 
and  the  other  by  its  surface  or  longitudma 
section  (l),  and  a  portion  of  its  continuation 
be  included  in  a  galvanic  circuit,  so  that  a  current  shall  pass  m 
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I  direction  z — p,  which,  is  the  same  in  its  direction  as  that  between  t — l, 
I  then  the  intensity  of  the  '  nervous  current' t — l,  as  indicated  by  the 

deiiection  of  the  needle  of  the  galvanometer,  will  be  found  to  undergo 
1  an  increase ;  whilst  on  the  other  hand,  if  the  electric  current  be  passed 

a  a  contrary  direction  p — z,  the  intensity  of  the  '  nervous  current' t — l 
;  vill  decrease. — The  portion  z — p  of  the  nerve,  which  is  included  in 

the  electric  circuit,  is  termed  the  excited  portion,  and  the  current 
lupassed  through  it  is  the  exciting  current ;  on  the  other  hand,  the  portion 
:  r — l  included  between  the  electrodes  of  the  galvanometer  is  the  derived 
abortion ;  and  the  altered  condition  of  this  part,  which  is  produced  by 
■the  extraneous  current  (this  current  having  been  experimentally  proved 
|  :>y  M.  du  Bois-Reymond  to  exert  no  influence  of  its  own  on  the  galva- 
nometer), is  termed  the  electrotonic  state  of  the  nerve.  When  the  in- 
tensity of  the  1  nervous  current'  is  increased,  the  nerve  is  said  to  be  in 
flshe  positive  phase  of  this  electrotonic  state  ;  and  when  it  is  diminished, 
,  tiihe  nerve  is  in  the  negative  phase 

jlnf  that  state. — By  a  proper  arrange-  Fig.  147. 

jiinent,  the  same  exciting  current  may 
eloe  made  to  produce  the  positive  phase 
1 1,  n  one  part  of  a  nerve-trunk,  and  the 
iJaegative  phase  in  another.    Thus  if 
tlfche  two  extremities  of  a  nerve  (Fig. 
j  47,  p  and  c)  be  so  connected  with 
wo  galvanometers  that  both  shall  de- 
jlrfelope  the  '  nervous  current,'  and  an 
■  I  nter  mediate  portion  be  excited  by  the 
cl:  ransmission  of  an  electric  current  in 
[i'he  direction  z — p,  the  nervous  cur- 
rent in  the  '  derived'  portion  c  will 
:  I  >e  increased  in  intensity,  whilst  that 
j  n  the  portion  p  will  be  diminished. 

174.  Hence  it  may  be  inferred,  that  when  any  portion  of  the  length  of 
&  nerve  is  traversed  by  an  electric  current,  besides  the  usual  electro- 
I  lotive  action  of  the  nerve,  a  new  electromotive  action  takes  place  in 
1  very  point  of  the  nerve,  by  a  polarization  of  its  electromotive  elements, 
1  'hich  action  has  the  same  direction  as  the  exciting  current  itself ;  and  a 
I  urrent  is  thus  produced  in  the  '  derived '  portion,  which  is  added  to  the 
I  riginal '  nervous  current'  at  that  end  of  the  nerve  at  which  the  direction 
I  f  this  new  current  and  of  the  nervous  current  coincide  (c),  and  is  sub- 
1  'acted  at  that  end  at  which  the  directions  are  different  (p).  The  intensity 
1  f  the  electrotonic  condition  is  found  to  be  materially  affected  by  the 
I  istance  at  which  the  nerve  is  examined  from  the  point  where  the 
I  exciting  current'  is  applied,  being  always  much  greater  near  that  point 
I  ian  at  a  considerable  distance  from  it.    It  is  also  powerfully  influenced 
I  y  the  strength  of  the  exciting  current,  and  by  the  length  of  the  portion 
'  norve  through  which  that  current  passes,  increasing  in  intensity  with 
1  -ronger  currents,  and  diminishing  in  proportion  to  the  length  of  nerve 
I  ie  current  has  to  traverse.    These  variations  in  the  intensity  of  the 
I  nervous  current'  continue  as  long  as  the  '  exciting  current'  lasts,  and 
I  ^mediately  cease  when  the  circuit  of  that  current  is  broken.    It  is  to 
1  ie  induction  of  the  electrotonic  state  in  the  nerve  supplying  it,  that  the 
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contraction  of  a  muscle  is  due,  which  ensues  on  the  completion  of  the 
circuit ;  and  to  the  cessation  of  this  state,  that  the  muscular  contraction 
is  due  which  is  consequent  upon  the  interruption  of  the  circuit.  Hence 
the  electrotonic  changes  in  the  condition  of  nerves  may  be  observed 
withoixt  previously  dividing  them. — When,  on  the  other  hand,  a  nerve 
is  '  tetanized'  by  passing  an  interrupted  and  alternating  current  through 
a  portion  of  it,  the  effect  is,  as  in  the  case  of  muscle,  to  produce  a  dimi- 
nution in  its  own  proper  current ;  the  needles  of  both  galvanometers,  in 
the  arrangement  last  described,  being  deflected  to  the  negative  side,  in- 
stead of  one  going  back  to  zero  and  the  other  having  its  positive  deflec- 
tion increased,  as  happens  when  the  1  excited  portion'  is  subjected  to  a 
continuous  and  uniform  current.  The  same  negative  variation  of  the 
nervous  current  has  been  demonstrated  by  M.  du  Bois-Reymond  in 
nerves  tetanized  by  other  means,  as  by  the  use  of  strychnia.  And  the 
phenomena  both  of  the  '  electrotonic  state,'  and  of  the  '  negative  variation' 
are  precisely  the  same,  whether  motor  or  sensory  nerves  be  subjected  to 
the  experiment ;  thus  making  it  appear  that  nerve-force  may  be  trans- 
mitted in  either  direction  along  each  of  these  orders  of  nerves. — Dr. 
Eadcliffe  has  pointed  out  that  this  disappearance  of  the  signs  of  current 
electricity  in  motor  nerves  at  the  moment  of  action,  when  taken  into 
consideration  with  the  fact  particularly  indicated  by  Matteucci,  that  the 
state  of  action  in  a  motor  nerve  is  accompanied  by  a  discharge  of  elec- 
tricity analogoxis  to  that  of  the  torpedo,  leads  to  the  supposition  that 
ordinary  muscular  contraction  and  rigor  mortis  may  both  be  dependent 
upon  the  absence  of  the  natural  electricity  which  is  present  in  living 
nerve  and  muscle  during  the  state  of  inaction. 

475.  Pfliiger  has  investigated  with  much  care  the  changes  that  occur 
in  the  excitability  of  a  nerve  in  a  state  of  electrotonus,  or,  in  other 
words,  throxigh  a  portion  of  which  an  electrical  current  is  passing.  Under 
such  circumstances  the  nerve  may  be  considered  to  be  divided  into  two 
parts,  an  intrapolar  and  an  extrapolar  portion,  the  latter  being  again 
subdivided  into  that  portion  situated  nearer  the  nervous  centres  than 
the  current,  or  centrad,  and  that  situated  between  the  current  and  the 
muscle,  or  distad,  of  the  current,  the  latter  being  sometimes  also  called 
the  myopolar  portion.  As  the  positive  pole  of  an  electrical  current  is 
termed  the  anode,  and  the  negative  the  cathode,  Pfliiger  has  applied 
the  terms  anelectrotonus  and  cathelectro tonus  to  distinguish  those  con- 
ditions established  in  the  portions  of  nerve  in  the  immediate  vicinity  of 

Fig.  148. 


a,  the  Positive,  B,  the  Negative  Pole  of  a  constant  current  applied  to  a  nerTe.   a,  b,  o, 
a  curve,  showing  the  effects  of  a  weak  current ;  rf,  e,  /.  of  a  stronger  current  ;  g,  h,  i,  oi  » 
very  strong  current.    The  portion  of  the  curve  below  the  line  shows  the  degree  and  eiten 
of  the  depression,  the  part  above  of  the  exaltation  of  the  excitability  of  the  nerve. 
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he  poles  of  a  constant  battery.    He  has  shown  that  the  intra-polar  por- 
ion  of  nerve  is  divided  into  two  zones  (Fig.  148) ;  in  one  of  these, 
ituated  at  and  near  the  Positive  pole,  the  excitability  of  the  nerve  is 
iminished,  whilst  in  the  other,  situated  at  and  near  the  Negative  pole, 
oe  excitability  is  increased.    The  extent  of  the  portion  of  nerve  in 
hich  the  excitability  is  lowered,  or  the  positive  zone,  is  small  in  pro- 
urtion  to  the  weakness  of  the  current ;  whilst  the  negative  zone,  in 
hich  the  excitability  is  exalted,  is  correspondingly  large  ;  so  that,  with 
ery  weak  currents,  nearly  the  whole  of  the  intra-polar  portion  of  the 
srve  is  in  a  state  of  exalted  excitability,  whilst  with  strong  currents 
te  intra-polar  portion  of  the  nerve  is  almost  wholly  in  a  state  of  de- 
i-essed  excitability.    The  same  conditions  of  exalted  or  depressed  ex- 
Srtability  also  extend  for  a  considerable  distance  beyond  the  poles — i.e., 
the  extra-polar  portions  of  the  nerves  in  both  directions.    The  mode 
'  determining  the  variations  in  the  excitability  of  the  nerve  at  the  two 
iles  may  be  understood  with  the  aid  of  the  following  diagram  (Fig.  149). 


Fig.  149. 


if  if,  represents  a  Nerve ;  m,  a  MuBcle ;  c  c,  the  positive  and  negative  poles  of  a  constant 
current,  af,  Extra-polar  portion  of  nerve,  d,  Point  to  which  a  stimulus,  here  represented 
bv  r  a,  the  positive  and  negative  poles  of  an  interrupted  current,  but  which  may  be  re- 
placed hy  a  mechanical  or  chemical  excitant,  is  applied,  b,  c,  indicates  the  line  of  normal 
excitability,  supposed  for  the  sake  of  simplicity  to  be  equal  throughout  the  whole  length  of 
the  nerve,  though  in  reality  it  is  greater,  and  should  therefore  ascend  towards  b.  f,  e,g, 
indicates  the  curve  of  augmented  excitability  in  the  extra-polar  portion  of  nerve,  the 
amount  of  increase  being  greatest  at  the  cathode — as  at  g,  less  marked  at  e,  and  falling  to 
its  ordinary  amount  at  b. 

Fig.  149,  c  c  represents  the  poles  of  the  constant  or  polarizing  cur- 
its,  and  r  r  those  of  the  exciting  current ;  the  latter  may  be  replaced 
a  mechanical  stimulus  or  by  a  chemical  stimulus.    Eckhard  em- 
yed  also  a  solution  of  common  salt.    Before  throwing  the  nerve  into 
electrotonic  state  by  the  application  of  the  poles  of  the  constant  cur- 
t,  a  few  trials  are  made  to  ascertain  what  is  the  weakest  stimulus 
ieh,  when  applied  at  d,  will  produce  contraction  in  the  muscle. 
ien  this  is  known,  the  constant  current  is  applied,  and  it  will  then  be 
nd  that  if  the  direction  of  this  be  as  in  Fig.  149,  either  a  much 
iker  stimulus  applied  at  d  will  produce  contraction  in  the  muscle,  or 
« same  stimulus  will  produce  a  much  more  vigorous  contraction,  in 
er  case  showing  that  the  excitability  of  the  nerve  has  been  increased, 
to  electrical  stimulus  is  employed,  the  current  should  be  passed  in 
direction  indicated,  as  in  that  case  it  would  tend  to  reduce  the  in- 
'nce  of  the  cathode  of  c  c,  and  by  so  much  render  the  results  ob- 


538 


FUNCTIONS  OF  THE  CEltEBRO-SPlNAL  NERVOUS  SYSTEM. 


tamed  more  striking.    This  constitutes  Pfliiger's  extra-polar  centripetal 
cathelectrotonus.    By  a  similar  mode  of  proceeding,  the  excitability  of 
the  nerve  behind  the  ascending  current,  or  in  the  myopolar  portion 
winch  is  under  the  influence  of  the  positive  pole  of  the  constant  cur- 
rent, c  c,  can,  as  in  Fig.  150,  be  shown  to  be  remarkably  diminished" 

Fig.  150. 


Centrifugal  Extra-polar  Anelectrotonus.    The  references  are  the  same  as  in  the  last  Fie 
except  that  a  f  represents  the  intra-polar  portion  of  the  nerve,  and  that  the  curve  of 
diminished  excitability  is  represented  by  /,  e,  c ;  the  lowest  degree  being  at  the  anode  / 
and  the  nerve  gradually  recovering  its  normal  excitability  towards  c. 

This  constitutes  Pfliiger's  extra-polar  centrifugal  anelectrotonus.  The 
curve,  ff,  <?,  c,  in  Fig.  151  shows  the  variation  in  the  excitability  in  the 

Fig.  151. 


Extra-polar  Centrifugal  Cathelectrotonus.  The  increase  in  the  excitability  of  the  nerve 
is  shown  by  the  curve,  g,  e,  c,  to  be  greatest  in  the  vicinity  of  the  cathode  of  the  polarizing 
current,  c,  c. 

myopolar  portion  of  the  nerve,  when  the  Negative  pole  is  next  th 
muscle.  Lastly,  Fig.  152  shows  the  condition  of  excitability  in  theDer 
in  centripetal  extra-polar  anelectrotonus.  Piiiiger  found  that  in  all  thea 
cases  the  strength  of  the  polarizing  current  was  of  great  importance,  an 

Fig.  152. 


Centripetal  Extra-polar  Anelectrotonus.    Here, as  indicated  by  the  curve,  J,  e>/^;te jS 
citability  of  the  nerve  falls  as  the  positive  pole  or  anode  oi  the  polarizing  « 
approximated. 
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i  t  within  certain  limits  the  increase  of  excitability  near  the  cathode, 
I  1  the  decrease  near  the  anode,  augmented  ;  but  that,  if  these  limits  be 
;ed,  and  currents  of  much  greater  strength  than  usual  were  employed, 
j  phenomena  were  less  marked,  and  at  length  failed  altogether  to  occur. 
[  in  an  examination  of  the  curved  lines  in  the  preceding  figures,  it  will 
[  >  be  seen  that  the  excitability  of  the  nerve  varies  with  the  distance  of 
r  part  examined  from  the  electrode,  the  increase  or  diminution  being 
ays  greatest  at  the  cathode  and  anode  respectively,  whilst  the  eifect 
fcinishes  as  these  are  receded  from.    There  is  one  other  circumstance 
l  :« fleets  the  excitability  of  the  nerve — namely,  the  length  of  the  intra- 
ii  portion ;  and  it  would  appear  the  longer  this  is,  the  greater  is  the 
nit  and  degree  of  the  excitability  of  the  nerve  around  the  cathode. 
;  regards  time,  the  state  of  increased  excitability  always  attains  its  full 
nsity  with  great  rapidity.    Thus  much  for  the  variations  of  ex- 
I  bility  in  a  nerve  rendered  electrotonic. 

!  76.  The  increase  of  electro-motive  power  that  occurs  in  the  vicinity 
he  positive  pole,  and  the  depression  in  that  of  the  negative,  has 
ady  been  noticed.    Another  alteration  effected  in  the  nerve  by  the 
iction  of  the  electrotonic  state,  is  a  variation  in  the  velocity  with 
1  ch  it  will  conduct  impressions ;  this,  according  to  V.  Bezold,  being 
i  iriably  diminished.     Dr.  Eutherford,  however,*  finds  that  if  cur- 
I  s  of  medium  strength  instead  of  the  strong  ones  employed  by  V. 
|  Did  be  used,  the  negative  pole  quickens  the  rate  at  which  the 
■  ous  influence  is  transmitted,  whilst  the  positive  pole  retards  it. 
the  general  result  of  these  researches,  it  appears  then  that  the 
tilitions  present  in  a  nerve,  through  a  portion  of  which  a  closed 
|  inuous  current  is  passing,  and  which  is,  therefore,  in  a  state  of 
i  'rotonus,  are  such  that  at  the  anode  or  positive  pole  of  the  current 
i  is  an  exaltation  of  the  intensity  of  the  ordinary  nerve-current 
jf  itive  phase),  and  depression  of  the  excitability  (anelectrotonus),  and 
.'*ie  conductivity  or  velocity  of  transmission  of  impressions.    On  the 
t.rary,  at  the  cathode  there  is  constantly  a  depression  of  the  intensity 
I-  he  ordinary  nerve  current  (negative  phase),  and  coincident  exalta- 
of  the  excitability  (cathelectrotonus)  and  of  the  conductivity,  t 
i  7.  From  the  foregoing  observations  it  will  be  intelligible  that  the 
I  >n  of  electrical  currents  applied  to  nerves  in  producing  muscular 
I  raction,  is  liable  to  many  variations,  and  that  numerous  circum- 
!  cea  must  be  taken  into  consideration  before  an  explanation  can  be 
'i  of  any  particular  phenomenon.    Thus  it  has  long  been  well  known 
though  contraction  of  a  muscle  usually  occurs  at  the  moment  of 
mg  and  closing  a  current  of  electricity  transmitted  through  its 
>r  nerve,  yet  that  this  is  not  constant,  the  contraction  failing  some- 
1  i  at  the  moment  of  closing  and  sometimes  at  the  moment  of  opening 
|i current.    The  singularity  of  this  phenomenon  has  attracted  the 
l.tion  of  many  observers;    and  the  names  of  Ritter  and  Nobili, 
teucci,  Du  Bois-Reymond,  Eckhard,  and  Pfluger  deserve  especial 

I  turaphry  and  Turner's  "Journal  of  Anat.  and  Phys."  vol.  ii.  1868,  p.  95. 
I    very  different  explanation  of  the  phenomena  of  electrotonus,  founded  on 
I  Ijo/T8! 1    ,.ati.ons> lli18  heen  suggested  by  Hermann  (see  his  "  Untersuchungen," 
I  |C<  ii   n       'n  ***67);  hut  his  views  have  been  vigorously  assailed  in  an  able 
I  °y  Uu  Bois-Reymond,  in  the  "  Berichte  der  Berlin.  Akadem.,"  1867,  p.  597. 
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mention  for  the  light  which  they  have  thrown  upon  this  obscure  and 
difficult  department  of  physiology.  From  their  observations  and  from 
those  of  many  other  experimenters,  it  is  now  ascertained  that  the  effects 
produced  upon  the  muscle  are  dependent — 1st,  upon  the  direction  of  the 

electrical  current  passed  through  the  nerve,  whether  centrifugal  i.e.  from 

the  origin  to  the  periphery  of  the  nerve  (Fig.  153),  or  centripetal— i.e. 

from  the  periphery  towards  the  origin  (Fig.  154)  • 
Fig.  153.    Fio.  154.  2ndly,  upon  the  state  of  excitability  of  the  nerve  '; 

and  Srdly,  upon  the  strength  of   the  current.' 
Ritter  and   Nobili,  in  whose   observations  the 
strength  of  the  current  was  disregarded,  endea- 
voured to  show  that  a  definite  succession  of  re- 
sults followed  the  application  of  the  electrical 
stinmlus,  according  to  the  direction  and  the  ex- 
citability of  the  nerve.  Ritter,  operating  on  Frogsj 
the  excitability  of  whose  nerves  departed  more 
slowly  after  death  or  excision,  was  able  to  distin-J 
guish  six  stages ;  whilst  Nobili,  operating  in  th« 
warmer  climate  -  of  Italy,  could  distinguish  onh 
four.    The  following  tabular  arrangement  taken  from  Funke  will  show 
the  relations  of  the  contraction  of  the  muscle  to  the  degree  of  excitaj 
bility  remaining  in  the  nerve,  and  to  the  direction  of  the  current : — 


Hitter  and  Nobili's  Law  op  Contraction. 

C  indicates  closure  of  the  current ;  0  indicates  opening  of  the  current,  or  breaking 

contact. 


Grade  of  Excitability 
of  the  Nerve. 

Ascending  or  Centripetal  Current. 

Descending  or  Centrifugal 
Current. 

r.  (Ritter)  .    .  j 

0,  Rest  

0,  Rest. 

0,  Contraction. 

n.  (Ritter)  .   .  j 

C,  Contraction  

0,  Slight  Contraction    .    .  . 

C,  Slight  Contraction. 
0,  Contraction. 

j  in.  (Ritter)  .  . 
j    i.  (Nobili)  .  . 

C,  Contraction. 
0,  Contraction. 

i  iv.  (Ritter)  .  . 
i  ii.  (Nobili)  .  . 

p   (  Weak  Contraction  (Ritter)  ) 
7»  f  Rest  (Nobili)  \ 

C,  Contraction. 

0,  Slight  Contraction.! 

j   v.  (Ritter)  .  . 
|  in.  (Nobili)  .  . 

C,  Rest  

C,  Contraction. 
0,  Rest. 

1  vi.  (Ritter)  .  . 
j  iv.  (Nobili)  .  . 

C,  Rest  

0,  Rest  

C,  Slight  Contraction! 

0,  Rest. 

From  this  Table  it  is  apparent  that  in  the  highest  grade  of  excitabi 
of  the  nerve,  the  centripetal  current  induces  contraction  only  on  closi 
of  the  current,  none  occurring  on  opening  it.    Contraction  on  openij 
the  current  first  happens  in  the  second  stage — i.e.  when  the  excitabi. 
of  the  nerve  is  somewhat  diminished,  and  then  only  weakly.  In 
3rd  stage  of  excitability  of  Ritter,  the  1st  of  Nobili,  the  vigour  of 
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opening  and  closing  contraction  is  about  equal.  In  the  4th  grade,  the 
closing  contraction  is  weak,  the  opening  strong.  In  the  5  th  stage,  there 
is  no  contraction  on  closure,  but  it  occurs  on  opening  the  current ;  whilst 
in  the  6th  and  last  stage  no  contraction  follows  either  the  closure  or  the 
opening  of  the  current.  For  the  descending  or  centrifugal  current,  the 
phenomena  present  themselves  in  an  inverse  order, — in  the  first  or  highest 
stage  of  excitability,  there  is  contraction  only  on  opening  the  current — 
then  weak  contraction  on  closure,  as  well  as  contraction  on  opening — 

|  then  contraction  of  equal  strength  at  both  periods — then  contraction 
at  both  periods,  though  weaker  on  opening  the  current — then  con- 
traction only  on  closure ;  and  finally,  in  which  respect  it  differs  slightly 
from  the  effects  of  the  centripetal  current,  weak  contraction  on  closure  of 
the  current.  From  the  preceding  Table,  the  statement  of  Nobili,  who  only 
experimented  during  the  last  four  stages  of  irritability,  becomes  intelligible, 

:  that  there  is  essentially  only  one  strong  contraction  for  each  direction  of 

I  the  current ;  an  opening  contraction  being  the  most  marked  with  the 

I  centripetal  current,  and  a  closing  contraction  with  the  centrifugal  current. 
478.  Heidenhain*  and  Pfliiger,  t  in  following  up  this  train  of  research, 

;  now  showed  that  in  freshly-prepared  nerves,  whose  excitability  was  there- 
fore of  the  highest  grade,  the  law  of  contraction  was  dependent  upon  the 

\  strength  of  the  current ;  and  the  phenomena  have  been  thus  formularized 

|  by  Pfliiger  : — 


Strength  of  Current. 

Direction  of  Current. 

Centripetal. 

Centrifugal. 

Weak    •    •    •  j 

C,  Contraction 

0,  Kest  

C,  Contraction. 
0,  Rest. 

Moderate    .    .  j 

C,  Contraction     .  . 
0,  Contraction     .  . 

C,  ontraction. 
0,  Contraction. 

Strong  ...  | 

C,  Rest  

0,  Contraction     .  . 

C,  Contraction. 
•  0,  Weak  Contraction. 

Him  beginning  with  currents  so  feeble  that  no  contraction  was  induced 
ither  on  making  or  on  breaking  contact  in  very  excitable  nerves,  Pfliiger 
onnd  that  on  passing  a  slightly  stronger,  but  still  weak  current,  in  a 
centripetal  direction,  contraction  first  occurred  on  closure,  but  none  on 
•pening.    With  currents  of  moderate  strength,  contraction  occurs  both  on 
losing  and  opening  the  current ;  and  lastly,  if  the  current  exceeds  a  cer- 
ain  strength,  no  contraction  occurs  on  closing,  though  it  is  well  marked 
n  opening  the  current.    If  the  same  experiments  are  repeated  with  the 
entrifugal  current,  we  obtain  with  the  weakest  current  contraction  on 
losure  alone  (exceptionally  also  on  opening) ;  with  moderately  strong 
urrents,  contraction  both  on  opening  and  closure  ;  and  with  strong  cur- 
ents,  the  closing  contraction  preponderates  with  centrifugal  currents,  and 
I  he  opening  contraction  with  centripetal.    As  regards  the  reactions  of 

j  *  JJeiJenhain,  in  "  Archiv  f.  Phys.  Heilk,"  1857,  p.  442. 
I    5?uger.  "Archiv  f.  Path.  Anat.,"  Bel.  xiii. ;   and  "  Untorsuchungen  liber  d. 
uymologio  des  Electrotonus,"  Berlin,  1859. 
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sensory  nerves,  it  is  maintained  by  Pliiiger  that  the  effects  produced  by 
electrical  stimulation  are  dependent  upon  the  force  of  the  current,  except 
that  as  might  be  expected  from  the  direction  in  which  they  ordinarily 
conduct  their  impressions,  a  kind  of  inverse  relation  exists. 

479.  The  explanation  of  the  phenomena  of  the  electrotonic  state  and 
of  the  condition  of  increased  and  diminished  excitability  of  the  nerve  in 
the  neighbourhood  of  the  negative  and  positive  poles  respectively,  given 
by  Dr.  Radcliffe,*  is  so  ingenious,  that  it  cannot  here  be  passed-over  in 
silence.    He  observes  that  under  ordinary  circumstances  the  exterior 
of  the  nerve  is  electrified  positively,  but  that  when  the  poles  of  a  galvanic 
battery  are  applied  to  it,  the  surface  of  the  nerve  at  and  near  the  positive 
pole  is  charged  with  positive  electricity,  and  that  near  the  negative  pole 
with  negative  electricity:  the  natural  electricity  of  the  former  is  conse- 
quently increased,  since  it  is  natural  to  suppose  that  the  addition  of 
positive  electricity  to  the  coating  of  the  nerve  will  induce  a  corresponding 
increase  in  the  negative  electricity  of  the  core  of  the  nerve.    At  the 
negative  pole  the  opposite  conditions  obtain.    "  This  state  of  diminution 
and  augmentation  is  what  is  spoken  of  by  M.  du  Bois-Eeymond  as  the 
electrotonic  state."    But,  according  to  Radcliffe,  with  the  presence,  and, 
a  fortiori,  with  the  increase  of  electricity,  the  state  of  inaction  of  nerve 
and  muscle  concurs ;  whilst  with  the  absence  or  decrease  of  natural  elec- 
trical tension,  action  takes  place.    The  reason,  therefore,  that  when  a 
centrifugal  current  is  passed  through  a  motor  nerve,  the  portion  ad- 
joining the  muscle  is  temporarily  increased  in  irritability,  as  shown  in 
§  475,  is  simply  that  its  electrical  tension  is  diminished.    If,  however, 
such  a  current  is  passed  for  any  length  of  time  (as  20  minutes)  the  irri- 
tability of  the  nerve,  together  with  all  traces  of  electrical  tension,  die 
out.    If,  on  the  contrary,  a  centripetal  current  be  transmitted  through 
a  nerve,  the  irritability  of  the  myopolar  portion  is  diminished  or  sus- 
pended, no  contraction  occurring  when  the  nerve  is  pricked  or  pinched. 
Such  a  current  may  be  passed  for  hours,  and  yet  at  the  expiration  of 
that  time  the  irritability  of  the  nerve  after  the  opening  of  the  current 
may  again  be  resumed,  for  its  natural  electrical  relations  have  been 
kept  up  and  even  rendered  more  marked  throughout  the  whole  period  of 
the  passage  of  such  a  current. f 

*  "  Lectures  on-Certain  Disorders  of  the  Nervous  System,"  &c,  1864,  p.  60. 

•J-  In  drawing  up  the  foregoing  sections  on  the  Electromotor  properties  of  the  Nerves, 
the  Editor  begs  to  acknowledge  his  great  obligation  to  the  excellent  chapter  on  this 
subject  in  Funke's  "Physiology, "4th  edit.  1863,  in  which  a  very  complete  digest  of 
the  immense  mass  of  literature  which  bad  accumulated  during  the  previous  ten  years, 
upon  the  electrical  relations  of  the  nervous  system,  will  be  found.    A  very  interesting 
account  of  Pfliiger's  experiments  and  theory  is  contained  in  the  "  Med.-Chir.  Key., 
vol.  ii.  1862,  p.  1.    For  a  good  r6sum6  of  Eckhard's  experiments  and  mode  of  testing 
the  irritability  of  nerves  during  and  after  the  passage  of  centripetal  and  centrifngfl' 
currents  (which  will  be  found  to  agree  in  all  essential  particulars  with  that  here  given), 
together  with  the  application  of  these  phenomena  to  the  pathology  of  Epilepsy  ancji 
other  convulsive  diseases,  the  reader  is  referred  to  the  remarkable  "Lectures 
recently  published  by  Dr.  Radcliffe  (1864).    Dr.  Radcliffe  is  now  (1868)  engaged  in 
series  of  experimental  researches  (which  may  probably  have  to  be  noticed  ins _n  4  p 
pendix),  which  have  already  elicited  many  new  facts  in  connexion  with  electroton  , 
the  "  law"  of  the  muscular  and  nerve  currents,  and  the  operation  of  electricity  m  ne  - 
vous  and  muscular  action.    Viewed  in  the  light  of  these  facts,  clectrotonns  there 
reason  to  believe,  will  resolve  itself  into  a  physical  phenomonou  with  wlncu  tne  u 
current  has  no  essential  connection  ;  the  "  law"  of  the  nerve  and  musculai  curren  . 


STRUCTURE  OF  THE  SPINAL  CORD. 


543 


2.  Of  the  Spinal  Cord  and  Medulla  Oblongata ; — their  Structure 

and  Actions. 

480.  In  our  more  detailed  consideration  of  the  functions  of  the  several 
ivisions  of  the  Nervous  System,  it  is  desirable,  for  several  reasons,  to 
ommence  with  the  Cranio-Spinal  Axis  ;  which,  as  already  pointed-out, 
lay  be  considered  as  constituting  the  fundamental  portion  of  this 
nparatus.  The  entire  Axis  is  divided  into  its  Cranial  and  its  Spinal 
iortions,  the  passage  of  the  Cord  through  the  1  foramen  magnum'  of  the 
ccipital  bone  being  considered  to  mark  the  boundary  between  them  ; 
nd  although  the  separation  of  the  Medulla  Spinalis  from  the  Medulla 
Oblongata,  Avhich  is  thus  established,  is  in  itself  purely  artificial,  yet  it 

ill  be  found  to  correspond  completely  with  the  natural  division  founded 
u  their  respective  physiological  attributes. 

481.  The  Spinal  Cord*  which  extends  from  the  margin  of  the  foramen 
lagnura  to  the  first  or  second  lumbar  vertebra,  and  which  is  prolonged 
?  the  filum  terminate^  to  the  extremity  of  the  sacral  canal,  is  almost  com- 
letely  divided  by  the  anterior  and  posterior  median  fissures  (Fig.  155,  a,p), 
lto  two  lateral  and  symmetrical  halves.  The  '  anterior  median  fissure' 
i)  is  more  distinct  than  the  posterior,  being  wider  at  the  surface  ;  but 

only  penetrates  to  about  one-third  of  the  thickness  of  the  Cord,  its 
3pth  increasing,  however,  towards  its  lower  part.    The  sides  of  the 
posterior  median  fissure'  (p),  on  the  other  hand,  are  in  closer  approxi- 
ation;  but  the  division  commonly  extends  to  about  half  the  thickness 
'  the  cord,  being  deeper  towards  its  upper  than  towards  its  lower  end. 
he  two  halves,  therefore,  are  only  united  by  a  commissural  band,  which 
rscupies  the  central  part  of  the  cord ;  and  this  is  traversed  by  the 
I  spinal  canal '  (/),  which  is  continued  downwards  from  the  fourth 
1  'Utricle,  is  about  l-100th  of  an  inch  in  diameter,  and  according  to  Mr. 
jpckkart  Clarke,  is  lined  with  a  layer  of  columnar  ciliated  cells,  whose 
It  tached  extremities  taper  into  delicate  fibres,  becoming  continuous  with 
I  e  fibres  of  the  connective  tissue  of  the  white  columns. — At  a  little  distance 
1  )m  either  side  of  the  posterior  median  fissure,  and  corresponding  with 
I  e  line  of  attachment  of  the  posterior  roots  of  the  nerves,  is  the  pos- 
I  ior  lateral  furrow ;  a  shallow,  longitudinal  depression,  which  marks- 
i  t  the  '  posterior  columns '  of  the  Cord  (p,  p)  as  distinct  from  the  '  an- 
|  "o-lateral  columns.'    A  corresponding  furrow  has  been  sometimes  de- 
ft ribed  as  traversing  the  Cord  in  the  line  of  the  anterior  roots  of  the 
I  rves  on  either  side  ;  but  this  can  scarcely  be  said  to  have  a  real  exist- 
I  ce ;  and  the  separation  of  the  '  antero-lateral  columns '  into  the  '  an- 

|  laid  down  by  Du  Bois-Reymond,  may  require  remodelling :  and,  especially,  tension 
■  her  than  current  may  be  found  to  be  that  aspect  of  electricity  which  has  to  be  con- 
I  ered  as  the  key  to  the  phenomena  in  question.  It  would  seem  that  increased  elec- 
I  :al  tension,  however  produced,  suspends  nervous  and  muscular  action,  and  that 
I  'so  actions  are  always  connected  with  a  sudden  diminution  of  electrical  tension. 
I  en  the  phenomena  referred  to  the  "inverse"  and  "direct"  voltaic  currents  would 
I  m  to  be  referrible,  not  to  current  electricity  at  all,  but  to  increased  or  diminis  ed 
I  sion  in  connection  with  the  adjoining  anode  or  cathode.  Moreover,  these  views  are 
I  y  borne  out  by  pathological  evidence. 

I  he  sketch  given  in  the  text  of  the  Anatomy  of  the  Spinal  Cord,  is  chiefly  derived 
|  a  the :  statements  of  Prof.  Kolliker,  in  his  "Mikroskopische  Anatomie"  (Bd.  ii.  §§  115, 
I  7'rp"d  of  Mr-  J. L.  Clarke  in  the  "Philosophical Transactions,"  1851, 1853, and  1859. 
I  yie  structure  °*  the  '  filum  terminate'  is  in  every  respect  essentially  the  same  as 
|    <>t  the  proper  Spinal  Cord,  save  that  no  nerve-roots  are  connected  with  it. 
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terior  '  and  the  '  latei-al '  columns  (a  a  and  l  l)  is  only  marked  externally 
by  the  attachment  of  the  nerve-roots.    It  is  made  more  obvious  inter- 
nally, however,  by  the  peculiar  distribution  of  the  grey  matter  which 
though  by  no  means  uniform  throughout  the  Cord,  usually  presents  (in 
a  transverse  section)  the  form  of  two  somewhat  crescent-shaped  masses 
whose  convexities  are  turned  towards  each  other,  and  are  connected  by 


Fig.  155. 


Transverse  section  of  Spinal  Cord,  through  the  middle  of  the  lumbar  enlargement,  showing 
on  the  right  side  the  course  of  the  nerve-roots,  and  on  tho  left  the  position  of  the  principal 
tracts  of  vesicular  matter : — a,  a,  anterior  columns;  p,  p,  posterior  columns;  l,  l,  lateral 
columns ;  a,  anterior  median  Assure ;  p,  posterior  median  fissure ;  b,  b,b,b,  anterior  roots  of 
spinal  nerves ;  c,  c,  posterior  roots ;  d,  d,  tracts  of  vesicular  matter  in  anterior  column;  e, 
traots  of  vesicular  matter  in  posterior  column  ;  f,  spinal  column ;  g,  substantia  gelatinosa. 

the  grey  commissure,  whilst  their  cornua  are  directed  towards  the  sur 
face  of  the  cord  ;  the  posterior  peak  on  each  side  nearly  reaches  the  pos 
terior  lateral  furrow,  whilst  the  anterior,  though  the  larger  cornu,  do 
not  approach  quite  so  near  the  surface.    The  grey  matter  is  enveloped  b 
the  white  substance  of  the  columns,  which  are  entirely  composed  of  nerv 
tubes,  Avhose  general  direction  is  longitudinal. — The  Spinal  Cord  of  M 
is  by  no  means  of  uniform  dimensions  in  every  part  of  its  length ;  an 
the  proportions  which  the  grey  and  white  substances  bear  to  oneanoth 
in  different  parts,  are  extremely  diverse.    Two  principal  enlargemen 
are  seen  in  the  cervical  and  lumbar  regions,  at  the  origins  of  the  lar 
nerves  forming  the  brachial  and  crural  plexuses  ;  and  these  enlargemen 
are  chiefly  due  to  an  increase  of  the  grey  substance,  which  is  compm 
tively  deficient  in  the  intervals.   On  the  other  hand,  there  is  a  regular] 
progressive  increase  in  the  white  substance,  as  we  proceed  from  the  low 
to  the  higher  portion  of  the  Cord ;  and  this  fact  of  itself  serves  to  m 
cate  the  probability,  that  the  longitudinal  columns  serve  (as  forme 
supposed)  to  establish  a  direct  connection  between  the  Encephalic  cent 
and  the  roots  of  the  Spinal  nerves. 
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482.  The  grey  matter  or  vesicular  substance  of  the  Spinal  Cord,  which 
is  best  seen  in  transverse  section  (Figs.  155  and  156),  is  by  no  means 
uniform  in  its  texture  throughout.    Its  anterior  cornua,  which  are 
thicker  and  shorter  than  the  posterior,  are  of  a  uniform  grey  colour ; 
and  they  consist  of  large  well-developed  nerve-cells  (d,  Fig.  155  and  Z, 
Pig.  156),  which  usually  present  many  radiating  processes,  one  of  which 
ihvays  passes  into  the  anterior  root  of  the  nearest  spinal  nerve ;  whilst 
lother  ascends  on  its  own  side,  and  others  form  communications  either 
ith  adjoining  cells  or  with  those  in  the  horn,  or  on  the  opposite  side  of 
;he  Cord.    The  cells  of  the  anterior  horn  connected  together  in  this  way 
brm  groups  which  may  reasonably  be  supposed  to  constitute  centres  for 
he  numerous  fibres  distributed  to  each  muscle,  so  that  an  impulse  of  the 
nil  or  other  stimulus  acting  upon  one  of  the  cells  may  excite  the  whole 
o  equal  and  consentaneous  action,  and  thus  abolish  the  necessity  that 
,-ould  otherwise  exist  for  every  cell  to  possess  its  own  motor  fibre, 
"he  central  portion,  which  contains  the  canal,  and  which  also  forms  the 
Dmmissure,  has  a  similar  composition ;  but  the  cells  are  smaller,  though 
all  having  long  branching  radiations  ;  and  the  fibres  are  extremely  fine, 
leir  tubularity  being  often  indistinguishable.    The  anterior  portion  of 
le  commissure,  however  (n,  Fig.  156),  is  purely  fibrous,  and  is  distin- 
\  lushed  by  some  as  the  '  white  com- 
missure;' it  does  not,  however,  form  Fig.  156. 
1 1  immediate  connection  between 
|i  le  two  anterior  columns,  but  brings 
ich  of  them,  as  will  be  presently 


•en,  into  relation  with  the  vesicular 


atter  of  the  anterior  cornu  of  the 
>posite  side.  The  posterior  cor- 
i  (Fig.  156,  g  h  i  j),  longer  and 

rrower    than    the    anterior,  is 

fided  by  Mr.  Lockhart  Clarke  into 

o  parts,  the  Caput  and  the  Cervix 

>rnu.  The  Caput  Cornu  (g  h),  or 

ilbous  extremity  of  the  horn,  con- 

ts  of  an  outer  and  comparatively 

vnsparent  gelatinous  portion  (g), 

d  of  an  inner  and  more  opaque 

rtion  (Ji).  The  former  contains 
\  rve-cells  of  various    shape  and 

e,  often  multicaudate,  the  caudate 

)longations  being  continuous  with  nerve-tubules  of  small  average  size 
trying  from  l-500th  to  l-20,000th  of  an  inch),  running  transversely, 
gitudinally,  and  obliquely.    Mingled  with  these  are  blood-vessels, 
I  some  connective  tissue.    The  inner  or  anterior  portion  of  the  Caput 
€>  contains  longitudinal  fibres,  to  which  its  opacity  is  chiefly  due  ; 
nsverse  fibres  which  are  continuous  with  the  posterior  roots  of  the 
:  ves  and  with  the  longitudinal  column  of  the  cord,  and  cells  which  are 
the  most  part  of  small  size.*    A  remarkable  column,  of  ganglionic 
a  constitiiting  the  inner  and  anterior  part  of  the  Cervix  cornu  (j), 
extending  from  the  lower  part  of  the  Cord  to  the  middle  of  the 

*  See  Lockhart  Clarke,  "Phil.  Trans.,"  1858,  p.  249. 
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Transverse  section  of  the  grey  substance  of 
the  Human  Spinal  Cord  at  the  level  of  the  first 
dorsal  Nerves :— a,  gelatinous  substance  of 
Caput  Cornu  ;  h,  dark  interior  of  Caput  Cornu; 
i,  Cervix  Cornu,  containing,  j,  the  posterior 
vesicular  column;  k,  the  tractus  intermedio- 
lateralis ;  I,  Anterior  Coruu  ;  m,  Central  Canal ; 
71,  Anterior  Decussating  Commissure. 
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cervical  enlargement  where  it  terminates  has  been  described  by  Mr. 
Clarke  under  the  term  of  the  posterior  vesicular  column.    The  point  of 
junction  of  the  anterior  and  posterior  cornua  (k)  is  termed  by  the  same 
observer  the  tractus  intermedio-lateralis.    It  extends  from  the  upper 
roots  of  the  eighth  cervical  nerves  to  the  lowest  part  of  the  dorsal  region 
but  is  most  prominent  about  the  first  and  second  dorsal  nerves.  The 
posterior  vesicular  columns,  on  the  other  hand,  are  largest  at  the  lowest 
part  of  the  dorsal  region.    The  connective  tissue  which  occupies  the 
spaces  between  the  nervous  elements,  and  to  which  the  term  Neuroglia 
is  sometimes  applied,  has  been  carefully  examined  by  Gerlach,*  with  the 
aid  of  his  new  process  of  steeping  the  cord  in  a  solution  of  chloride  of 
gold  and  potassium,  which  stains  the  nervous  tissue  dark  violet,  whilst 
the  connective  tissue  remains  of  a  pale  blue  tint.    The  latter  then  ap- 
pears, as  it  had  previously  been  described  by  Mr.  Clarke,  to  be  a  material 
of  finely-granular  aspect,  like  the  matrix  of  hyaline  cartilage,  with  little 
clumps  of  cytoid  particles  scattered  through  it  which  seem  to  be  in  con- 
nection with  the  cells  lining  the  central  canal  and  with  the  pia  mater. 
Pervading  every  part  of  the  neuroglia  of  the  grey  substance  of  the  cord, 
except  that  lying  in  immediate  proximity  to  the  central  canal,  is  a  close 
plexus  of  extremely-fine  fibres,  chiefly  derived  from  the  processes  of  the 
nerve  cells  just  described,  but  also  in  part  belonging  to  the  neuroglia. 
The  blood-vessels  of  the  central  parts  of  the  nervous  system  are  stated 
by  Hisf  to  be  surrounded  by  a  loose  sheath,  between  which  and  the  pro- 
per external  coat  lymph  corpuscles  are  perceptible.    These  spaces  he 
considers  to  represent  the  lymphatic  system  of  these  parts,  which  are 
otherwise  destitute  of  this  system  of  vessels. 

483.  The  connection  of  the  Nerve-roots  of  the  Spinal  Nerves  with  the  I 
several  components  of  the  Cord,  and  the  course  of  the  fibres  after  enter- 
ing it,  may  be  made-out  partly  by  means  of  sections,  and  partly  by  fol- 
lowing the  course  of  individual  fibres  by  ordinary  microscopical  dis-1 
section. |    The  following  is  an  outline  of  the  information  which  may 
thus  be  gained  from  a  comparison  of  transverse  and  longitudinal  sec 
tions  (Fig.  155  etseq.). — The  bundles  that  form  the  Posterior  roots  (FigJ 
155,  c,  c  ;  Fig.  157,  p,  p,  p)  consist  of  three  kinds,  which  differ  fromeac' 
other  partly  in  direction,  and  partly  in  the  size  of  their  component  fihw 
ments.    The  Jirst  kind,  Fig.  157,  a,  a,  a  (which  are  more  numerous  in 
the  upper  part  of  the  Cord),  enter  the  posterior  columns  horizontally  \ 
and  then,  taking  a  longitudinal  direction  down  the  Cord,  send  fibre 
into  the  anterior  grey  substance  (g),  of  which  some  bend  upwards,  an<| 
others  downwards  ;  part  apparently  becoming  continuous  with  fibres 
the  anterior  roots ;  whilst  another  part  lose  themselves  among  the  fibre 
of  the  anterior  columns,  in  which  they  may  either  proceed  continuot 
to  the  head,  or  may  pass-along  for  a  limited  distance  only,  to  emerge : 
the  nerve-roots  of  some  other  segment.    The  second  kind  of  bundl<| 
b,  b,  b,  also  traverse  the  posterior  columns  horizontally  and  obliquely  nf 

*  "Med.  Centralblatt,"  1867,  Nos.  24  and  25. 

+  Siebold  and  Kolliker,  "Zeitschrift,"  Bd.  xv.  1865,  p.  127. 

I  Mr.  J.  L.  Clarke  has  succeeded,  by  the  adoption  of  a  peculiar  method  of  prepa 
tion  (for  which  see  "  Phil.  Trans.,"  1868,  p.  321),  in  making  sections  of  considern 
thickness  sufficiently  transparent  to  allow  the  course  of  the  fibres,  and  the  cont< 
of  the  nerve-cells  and  their  prolongations,  to  be  distinctly  made-out. 
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wards  ;  their  farther  course  may  be 
(Fig.  155).  These  fasciculi,  which 
are  composed  of  remarkably  fine 
and  delicate  fibres,  interlace  so  as 
to  form  with  each  other  an  intricate 
plexus ;  and  from  this,  straight  and 
distinct  bundles  enter  the  posterior 
cornua  along  their  whole  breadth, 
crossing  the  '  substantia  gelatinosa' 
both  obliquely  and  at  right  angles. 
Having  thus  entered  the  vesicular 
substance  of  the  Cord,  some  of  the 
fibres  become  connected  with  multi- 
polar ganglionic  cells  ;  others,  after 
traversing  it,  emerge  from  it  again, 
into  either  the  posterior  columns,  or 
the  posterior  portion  of  the  lateral 
columns ;  others  pass  towards  the 
transverse  commissure,  through 
which  they  seem  to  make  their  way 
to  the  posterior  and  lateral  columns 
of  the  opposite  side ;  and  others, 
again,  form  a  fine  net-work,  which 
extends  towards  the  anterior  cornua. 
Of  the  fibres  of  a  third  set  (Fig.  157, 
c,  c),  a  part  seem  to  become 
iirectly  continuous  with  the  fibres  of 
I  Lhe  posterior  columns ;  the  larger 
proportion  of  them,  however,  cross 
•hese  columns  obliquely  upwards, 
md  enter  the  grey  substance  at 
lifferent  points ;  after  passing  into 
I  vhich,  they  can  no  longer  be  clearly 
bllowed,  although  some  of  them 
[  ppear  to  form  loops  and  then  return 
I  o  the  white  columns. — The  fasciculi 
I  f  fibres  which  constitute  the  an- 
\  erior  roots  [Fig.  155,  b,  b,  b;  Fig. 
t  57,  a,  a],  on  the  other  hand,  tra- 

erse  the  anterior  columns  of  the 
I  °rd  nearly  horizontally,  and  in 
I  'raight  and  distinct  bundles,  which 

o  not  interlace  with  each  other 
|  ntil  they  reach  the  anterior  cornua 
the  grey  substance  ;  on  entering 
fliis,  they  break-up  into  smaller 
I  "idles  and  separate  fibres,  which 
|  verge  in  various  directions  ;  many 

jite  with  the  large  multipolar  gan- 
I  ionic  cells  of  the  anterior  horns  of 
I  e  grey  substance ;  some  pass-out 

N  N 


best  traced  in  a  transverse  section 


Fig.  157. 


Longitudinal  Section,  through  Cervical  en- 
largement of  Spinal  Cord  of  Cat: — a  c,  anterior 
white  columns  ;  A  c',  portion,  showing  the  ar- 
rangement of  the  longitudinal  fibres  ;  p  o,  pos- 
terior white  columns;  g,  grey  substance  between 
them  (the  vesicles  omitted,  to  avoid  obscuring 
the  course  of  the  fibres) ;  a,  anterior  roots  of  the 
nerves  ;  v,  posterior  roots,  consisting  of  three 
kinds,  the  first, a,  crossing  theposterior  columns 
horizontally,  and  then  passing  obliquely  down- 
wards, across  the  grey  substance,  into  the  an- 
terior columns ;  the  second,  b,  traversing  the 
posterior  columns  horizontally,  and  then  losing 
themselves  in  the  grey  substance ;  the  third,  c, 
for  the  most  part  becoming  continuous  with  the 
longitudinal  fibres  of  the  posterior  column;  all, 
or  almost  all,  ultimately  entering  the  grey  sub- 
stance. 
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again  into  the  anterior,  and  others  into  the  lateral  columns  of  the  same 
side  ;  others  again,  pass  towards  the  anterior  part  of  the  commissure, 
in  which  they  cross-over  to  the  opposite  side,  entering  its  anterior  and 
lateral  columns;  a  considerable  number  plunge  into  the  central  sub- 
stance of  the  grey  cornu,  and  of  these  some  become  longitudinal, 
passing  equally  upwards  and  downwards,  whilst  others  seem  to  traverse 
it  horizontally,  so  as  to  come  into  relation  [not  improbably  into  actual 
continuity]  with  the  posterior  roots.* 

484.  Thus  we  see  that  there  are  two  very  distinct  courses  pursued  by 
the  Root-Fibres  of  the  Spinal  Nendfes,  in  the  substance  of  the  Cord ;  the 
first  transverse,  the  second  longitudinal.  The  fibres  belonging  to  the 
former  category  traverse  the  Cord  horizontally  or  obliquely,  and  appear 
to  pass-out  in  the  other  set  of  roots  connected  with  the  same  segment, 
either  on  its  own  or  on  the  opposite  side  of  the  median  fissure.  Of  those 
belonging  to  the  latter,  a  small  part  appears  to  connect  the  posterior  roots 
directly  with  the  posterior  columns,  without  passing  into  the  vesicular 
substance  ;  but  the  remainder  of  those  belonging  to  the  posterior  roots, 
first  enter  the  grey  matter  of  the  Cord,  and  then  emerge  from  it  either 
into  the  posterior  column,  or  into  the  posterior  part  of  the  lateral  column, 
of  their  own  or  of  the  opposite  half  of  the  Cord  ;  and,  in  like  manner,  all 
the  longitudinal  fibres  belonging  to  the  anterior  roots  first  enter  the 
vesicular  substance,  and  either  terminate  in  the  ganglionic  cells  in  the 
anterior  horn  or  re-enter  the  anterior  column,  or  the  anterior  part  of  the 
lateral  column,  of  the  same  or  of  the  opposite  side. 

485.  The  observations  of  Mr.  Clarke  show  clearly  that  some  of  the 
fibres  of  the  anterior  roots  never  become  longitudinal,  and  these,  ac- 
cordingly, have  no  other  ganglionic  centre  than  the  vesicular  substance 
of  the  segment  of  the  Cord  with  which  they  come  into  immediate  rela- 
tion ;  they  also  render  it  extremely  probable,  that  many  of  the  longitu- 
dinal fibres  of  both  roots  pass  continuously  upwards  to  the  Encephalon, 
most  of  them  after  traversing  the  grey  nucleus,  but  some  of  those  of  the 
posterior  roots  without  even  entering  the  vesicular  substance,  so  that 
these  cannot  have  their  ganglionic  centre  in  the  Cord  at  all.  If  the  latter 
be  among  the  fibres  which  pass-up  through  the  Posterior  Pyramids  into 
the  sensory  tract  of  the  Crura  Cerebri,  their  true  ganglionic  centres  are 
the  Thalami  Optici. 

486.  That  such  is  the  real  arrangement,  is  very  strongly  indicated  by 
the  analogous  conformation  of  the  gangliated  cord  of  Articulated  animals ; 
for  it  may  be  stated  with  tolerable  certainty,  that  some  of  the  root-fibres 
of  their  nerves  pass  along  the  purely-fibrous  tract  of  that  cord  (which  is 
far  more  readily  separated  from  the  vesicular,  than  it  can  be  in  Verte- 

*  Those  who  are  desirous  of  pursuing  the  structure  of  the  Spinal  Cord  in  more  detail 
than  can  possibly  be  given  in  an  elementary  treatise  like  the  present,  are  referred  to 
the  important  work  published  by  Stilling  in  1856,  entitled  "  Neue  Untersuchungen 
iiber  den  Bau  des  Ruckenmarks,"  in  3  parts,  with  an  atlas;  also  to  the  "  Untersnon. 
iiber  den  feineren  Bau  des  Central  Nerven-system  des  Menschen,"  by  J.  v.  Lenhossek, 
Wien,  1855;  to  the  researches  of  Bidder  and  Kupffer,  "  Ueber  die  Textur  deshucken- 
marks,  Leipzig,  1857  ;  to  the  valuable  papers  in  the  "Philosophical  Transactions  tm 
1851,  1853,  1858,  part  i.  p.  231,  1859,  Part  i.  p.  437,  by  J.  Luckhart  Clarke;  to  tne 
Translation  by  the  Sydenham  Society  of  the  treatise  of  Schroeder  v.  d. JiolK,  i»o» > 
and  to  the  essays  of  Dr.  C.  Frommann,  "  Untersuch.  iib.  die  Norm.  u.  Path.  Ani  ■ 
des  Ruckenmarks,"  Jena,  1864,  4  plates;  and  of  J.  Luys,  "Becherches  sur 
Systeme  Nerveux  C6rebro-spinal,"  Paris,  1865. 
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brata),  directly  to  the  cephalic  ganglia,  which  they  thus  bring  into  direct 
communication  with  all  the  nerve-trunks  connected  with  the  gangliated 
cord ;  but  that  others,  also  becoming  longitudinal,  and  running  along 
those  portions  of  the  cord  which  intervene  between  and  connect  the 
ganglia  of  the  different  segments,  pass  into  the  nerve-trunks  that  emerge 
from  ganglia  at  a  distance  of  one,  two,  three,  or  more  segments  above  or 
below:  whilst  a  large  proportion  of  the  root-fibres  have  their  ganglionic 
centres  in  the  ganglia  which  they  respectively  enter ;  and,  after  coming 
into  relation  with  its  vesicular  substance,  pass-out  again,  either  on  the 
same  or  on  the  opposite  side  of  the  median  plane.*    Now  the  purely- 
fibrous  tract  of  the  ventral  cord  of  the  Articulata  terminates  in  the 
Cephalic  ganglia,  which  are  homologous,  as  already  remarked  (§  448,  iv.), 
not  with  the  whole  Encephalon  of  Vertebrata,  but  with  their  '  sensory 
ganglia'  alone ;  and  thus  analogy  would  lead  us  to  suppose,  that  the 
fibrous  strands  of  the  Spinal  Cord  do  not  pass-on  continuously  to  the 
Cerebrum,  but  really  extend  no  further  upwards  than  the  Corpora  Striata, 
Thalami  Optici,  and  the  other  ganglionic  centres  in  connection  with 
them,  which  lie  along  the  floor  of  the  cranial  cavity.    This  view  will  be 
hereafter  shown  (Sect.  3)  to  be  in  harmony  with  anatomical  and  physio- 
logical facts,  which  indicate  that  the  Cerebrum  only  receives  its  impulses 
to  action  through  the  medium  of  the  Sensory  Ganglia,  and  that  it  reacts 
upon  the  muscular  apparatus  only  through  the  same  channel.  That 
some  of  the  afferent  fibres  of  the  spinal  nerves  should  ascend  continuously 
upwards  to  the  ganglia  of  tactile  sense,  in  Man  and  other  Vertebrata,  as 
well  as  in  Articulated  animals,  would  seem  a  legitimate  deduction  from 
che  fact,  that  such  continuity  obviously  exists  between  the  olfactive, 
visual,  and  auditory  nerves,  and  their  respective  ganglionic  centres,  no 
ntermediate  apparatus  of  vesicular  matter  being  interposed  in  their 
course ;  and,  as  we  have  seen  (§  483),  the  existence  of  such  a  continuity 
n  regard  to  a  part  of  the  fibres  of  the  posterior  roots  of  the  nerves,  is 
nade  extremely  probable  by  the  researches  of  Mr.  J.  L.  Clarke. — A 
rery  remarkable  confirmation,  too,  has  been  afforded  to  the  doctrine  of 
he  constitution  of  the  Spinal  Cord  here  advocated,  by  the  Pathological 
•esearches  of  Dr.  Ludwig  Tiirck  ;|  who  has  shown  that  certain  lesions 
»f  the  Encephalon  produce  a  degeneration  of  nerve-tissue  in  particular 
racks,  which  may  be  traced  continuously  down  the  Spinal  Cord,  usually 
I  q  the  anterior  column  of  the  side  affected,  and  in  the  lateral  column 
I  if  the  opposite  side ;  whilst,  on  the  other  hand,  local  lesions  of  the 
I  'pinal  Cord,  as  from  caries  of  the  vertebrae,  or  from  the  pressure  ot 
j  umours,  produce  a  like  degeneration  in  certain  tracks  of  the  posterior 
|  olumns,  and  sometimes  also  of  the  lateral  columns,  ascending  towards 
I  ae  Encephalon.    Thus  it  appears  that  the  posterior  fasciculi  are  liable 
|f>  this  secondary  degeneration  in  the  centripetal  direction  only,  and  the 
|  nienor  in  the  centrifugal  direction  only  ;  the  degeneration  taking  place, 
I  i  each  case,  in  the  direction  in  which  they  ordinarily  transmit  nerve- 

*  See  "Princ.  of  Comp.  Phys.,"  §648.— The  important  facts  here  referred-to  have 

:en  chiefly  substantiated  by  the  researches  of  Mr.  Newport  and  Mr.  Giinther. 
I  y.  .^ee  his  Memoir  '  Ueber  secondare  Erkrankung  eiiizelner  Riickensmarksstrange 

"I  llnvr  KortHcjtzungoii  zum  Gehirnc,'  in  "  Denkschrif'ten  der  Kaiserlichen  Akudemie 
1 ,r  y.issenschaftcn,"  Wicn,  1851  ;  also  "  Zeitschrift  der  Gesell.  der  Aertze  zu  Wicn," 

*nd  ix.  Heft  10. 
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force.  The  mixed  endowments  of  the  lateral  columns  are  also  indicated 
by  these  phenomena. 

487.  We  are  not  required,  however,  by  the  adoption  of  this  view  of 
the  constitution  of  the  Spinal  Cord,  to  regard  its  Cephalic  fibres  as  of  a 
different  order  from  those  which  pass  from  one  of  its  own  segments  to 
another;  for,  considering  the  whole  of  the  Cranio-Spinal  axis  as  one 
series  of  centres,  receiving  the  terminations  of  all  the  nerves,  its  longi- 
tudinal fibres  are  equally  commissural,  whether  they  establish  the  con- 
nection between  the  nerve-roots  and  vesicular  matter  of  two  adjacent  seg- 
ments, or  whether  they  bring  into  the  same  structural  relation  the  parts 
which  are  furthest  removed  in  position.  And  thus  we  may  regard  all 
impressions  upon  the  afferent  nerves  as  first  operating  upon  it  (affecting 
the  consciousness,  or  not,  according  as  they  reach  the  Sensory  Ganglia, 
or  are  arrested  in  their  progress  thither)  ;  and  all  motor  impulses, 
whether  purely-reflex,  or  originating  in  volitional  direction  or  emotional 
excitement,  as  issuing  immediately  from  it  through  the  motor  trunks. — 
If  such  be  the  case,  it  does  not  seem  at  all  improbable  that  there  should 
be  a  difference  in  different  tribes  of  animals,  as  to  the  proportion  of 
fibres  which  have  their  centres  in  the  Spinal  Cord  and  in  the  Sensorial 
centres  respectively ;  for  in  those  whose  ordinary  movements  of  progres- 
sion, &c,  are  independent  of  sensation,  being  performed  through  the 
reflex  action  of  the  spinal  cord,  it  might  be  expected  that  the  chief  con- 
nection of  the  spinal  nerves  should  be  with  its  own  ganglionic  substance, 
and  that  the  bulk  of  the  fibrous  columns  should  be  composed  of  com- 
missural fibres  resembling  those  which  intervene  between  the  separate 
portions  of  the  ganglionic  tract  of  the  ventral  cord  of  Articulata ;  whilst 
in  like  manner  it  might  be  anticipated  that  in  man,  so  large  a  part  of 
whose  movements  are  performed  in  obedience  to  a  mental  stimulus  and 
under  the  guidance  of  sensation,  the  longitudinal  strands  should  be 
chiefly  composed  of  fibres  that  directly  connect  the  sensorial  centres 
with  the  roots  of  the  spinal  nerves.  Such  a  difference  would  appear,  from 
the  comparative  researches  of  MM.  Volkmann  and  Kblliker,  to  exist 
between  the  structure  of  the  Spinal  cord  of  the  Horse  and  that  of  Man. 

488.  The  Medulla  Oblongata*  or  cranial  prolongation  of  the  Spinal 
Cord,  which  brings  it  into  connection  with  the  Encephalic  centres,  is  dis- 
tinguished by  the  peeuliar  arrangement  of  its  fibrous  strands  and  of  its 
nuclei  of  grey  matter ;  and  also  by  the  peculiar  distribution  and  endow- 
ments of  the  nerves  connected  with  it.  The  anatomical  boundaries 
usually  assigned  to  it  are  the  Pons  Varolii  abovef  and  the  Occipital  fora- 
men below ;  but  these  limits  are  purely  artificial,  and  for  physiological 
purposes  the  course  of  its  fibres  must  be  traced  much  higher.  The 
part  thus  marked-out  has  a  bulb-like  form,  and  presents,  like  the  Cord) 
of  which  it  is  the  continuation,  a  posterior  and  an  anterior  median  fis-j 
sure.  The  former  is  deep  and  narrow,  extending  to  the  posterior  borderl 
of  a  layer  of  commissural  fibres  which  forms  the  floor  of  the  anterior  ns 

*  For  good  accounts  of  the  anatomy  of  the  Medulla  Oblongata,  see  Dr.  John  Rei 
in  "Edinb.  Med.  and  Surg.  Jour.,"  1841,  Mr.  L.  Clarke  in  the  "Phil.  Trans.,  1&* 
vol  i.,  and  1868,  Pt.  i.,  and  Dr.  John  Dean,  8vo.  1863.  Schroder  v.  d.  Kolk,  bya.s 
Transl."  d  th 

t  From  which  it  is  separated  laterally  in  animals  by  a  broad  band  term c 
Trapezium,  but  in  man  by  a  groove  ;  the  trapezium  forming  the  posterior  border 
Pons.    See  L.  Clarke,  "Proceed.  Roy.  Soc,"  vol.  xi.  p.  360. 
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sure.    The  latter  is  wider  and  less  deep  ;  and  its  continuity  with  the 
anterior  fissure  of  the  spinal  cord  is  interrupted  by  the  decussation  of 
the  Anterior  Pyramids,  which  is  marked  externally  by  the  crossing  of 
from  three  to  five  bundles  of  fibres  from  each  side  over  to  the  other. 
This  decussation  may  be  considered  as  the  physiological  boundary  be- 
[  ween  the  Medulla  Oblongata  and  the  Spinal  Cord.    The  surface  of  each 
lateral  half  is  furrowed  by  grooves,  which  assist  in  marking  out  the 
several  strands  of  nerve  fibres  that  may  be  distinguished  on  either  side  : 
these  are — i.  The  Anterior  Pyramids,  or  Corpora  Pyramidalia ;  n.  The 
Olivary  Bodies,  or  Corpora  Olivaria ;  in.  The  Lateral  Columns;  iv. 
The  Tubercles  of  Rolando,  or  Tu- 
berculi  Cinerei ;    v.  The  Restiforcn 
Bodies,  or  Corpora  Restiformia,  other- 
wise called  Processus  a  Cerebello  ad 
Jledullam    Oblong atam ;     VI.  The 
Posterior  Pyramids,  or  Corpora  Pyra- 
midalia Posteriora.    (See  Fig.  158.) 
—The  connections  of  these  with,  the 
Brain  above,  and  with  the  Spinal 
Cord  below,  will  be  presently  traced. 
The  vesicular  substance  on  the  other 
land,  is   principally  aggregated  in 
.hree  pairs  of  ganglionic  centres ;  of 
vhich  the  anterior  forms  the  nucleiis 
if  the  Olivary  body,  the  lateral  of  the  Restiform,  and  the  posterior  of 
he  Posterior  Pyramidal. 

489.  The  Anterior  Pyramids  (i.)  consist  entirely  of  fibrous  structure, 
nd  establish  a  communication  between  the  '  motor  tract '  (Fig.  159,  mt) 
f  the  Crura  Cerebri,  and  the  anterior  and  antero-lateral  columns  of  the 
pinal  Cord.  The  principal  part  of  their  fibres  decussate  ;  and  these, 
a  they  pass  from  above  downwards,  dip  away  from  the  anterior  surface 
f  the  Cord,  and  connect  themselves  with  its  middle  or  lateral  columns, 
istead  of  with  its  anterior,  as  was  pointed  out  by  Rosenthal,*  and  more 
illy  described  by  Dr.  J.  Reid.j  And  some  fibres  are  stated  by  Mr.  J. 
.  Clarke!  *°  Pass  *ne  posterior  columns  and  posterior  grey  substance. 
>.  small  part  of  the  fibres  of  the  pyramidal  columns,  however,  do  not 
scussate,  but  proceed  downwards  on  the  same  side,  into  the  corre- 
)onding  anterior  columns  of  the  Spinal  Cord. — u.  The  Olivary  bodies 
re  composed  of  fibrous  strands,  enclosing  a  large  grey  motor  nucleus 
''ig.  159,  o  g)  on  either  side.  The  iipward  continuation  of  the  former 
vides,  while  passing  through  the  Pons  Varolii,  into  two  bands,  one  of 
hich  proceeds  upwards  and  forwards  as  a  part  of  the  '  motor  tract ' 

*  t)  of*  the  Crus  Cerebri,  whilst  the  other  (o)  proceeds  upwards  and 
ickwards  to  reach  the  Corpora  Quadrigemina  (c,  d).  The  Olivary 
'lumns  are  continuous  inferior ly  with  the  antero-lateral  columns  of  the 
nnal  Cord.  Their  vesicular  nucleus,  which  is  known  as  the  '  Corpus 
ntatum,\  and  which  appears  first  amongst  the  network  of  fibres  into 

"Ein  Beitrag  zur  Encephalotomie,"  Weimar,  1815. 
t    Edinb.  Med.  and  Surg.  Journ.,"  Jan.  1841 ;  and  "  Physiol.,  Pathol.,  and  Anat. 
1  'searches,"  chap.  vii. 

*  "  Pliil.  Tran8.,"  1858,  p.  238. 


Fig.  158. 


Lateral  view  of  the  Medulla  Oblongata : — 
a  p,  anterior  pyramid  ;  o  c,  olivary  column ; 
I  c,  lateral  column  ;  t  c,  tubercle  of  Rolando, 
or  tuberculo-cinereo;  cr, corpus restiforme; 
pp,  posterior  pyramid  ;  af,  arci form  fibres ; 
Cal.  Scrip.,  calamus  scriptorius. 
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Fig.  159. 


which  the  anterior  cornu  is  resolved  and  the  outer  portion  of  the  a 
tenor  column  seems  to  be  intimately  connected  with  all  the  surrounding 
parts  of  the  Medulla,  chiefly  through  the  arciform  system  which  will 
presently  be  described ;  and 
Mr.  Lockhart  Clarice,  though 
he  has  never  been  able  to 
trace  any  immediate  con- 
nection between  the  cells  of 
the  nuclear  laminas  and  the 
roots  of  the  nerves — even 
in  the  case  of  the  hypo- 
glossal nerves  which  pass 
directly  through  them — yet 
is  inclined  to  regard  them 
as  the  co-ordinating  centres 
for  the  different  ganglia  or 
nuclei  of  the  Medulla  Ob- 
longata.*   Schroeder  v.  d. 
Kolk  is  disposed  from  many 
considerations    to  regard 
these  bodies  as  the  nervous 
centres  on  which  the  sym- 
metrical movements  required 
in  speech  or  the  articulation 
of  the  voice  are  essentially 
dependent.f — ni.  The  late- 
ral columns  (I  c,  Fig*.  158), 
Faisceaux  intennediaires  of  Longet,  decussate  below  with  the  anterior 
pyramids.     Ascending,  they  assume  the  form  of  triangular  columns, 
the  apex  of  each  appearing  at  the  surface,  the  base  being  opposed 
to  the  one  of  the  opposite  side,  and  projecting,  covered  with  grey 
substance,  into  the  floor  of  the  4th  ventricle.     Behind,  they  are 
in  contact  with  the  restiform  bodies,  and  in  front  with  the  olivary  bodies. 
At  their  upper  part  they  trifurcate,  one  portion  curving  outwards  to 
enter  the  middle  peduncle  of  the  cerebellum,  the  other  two  separating 
from  one  another  to  allow  of  the  passage  of  the  superior  peduncles  of  the 
cerebellum  and  part  of  the  restiform  columns,  the  inner  one  ultimately 
reaching  the  cerebral  peduncles  ;  the  outer  one  forms  a  transverse  com 
missure  behind  the  Corpora  Quadrigemina. — iv.  The  grey  tubercle  o 
Rolando  (t  c,  Pig.  158)  is  simply  the  expanded  extremity  of  the  posterio 
cornu  of  the  grey  substance  of  the  Spinal  Cord  now  appearing  on  tli 
surface. — The  Restiform  bodies  each  consist  of  fibrous  strands  (f,  Fig.  159, 
enclosing  a  grey  nucleus.    The  fibrous  strands  pass  upwards  into  th 
Crura  Cerebelli ;  whilst  below  they  are  chiefly  continuous  with  th 
posterior  columns  of  the  Spinal  Cord,  having  also  some  connectio 
with  the  posterior   part  of  the  middle  columns.     These  Cerebella 
columns  moreover,  communicate  Avith  the  anterior  columns  of  the  Spin 
Cord  by  a  band  of  'arciform'  fibres,  whose  connections  were  fii's 
distinctly  described  by  Mr.  Solly  ;|  of  these  there  is  a  superficial  s 


Dissection 'Of  the  Medulla  Oblongata,  to  show  the  con- 
nections of  its  several  strands  : — a,  corpus  striatum ;  u, 
thalamus  opticus  ;  c,  d,  corpora  quadrigemina;  b,  com- 
missure connecting  them  with  the  cerebellum  ;  f,  corpora 
restiformia;  p,  r,  pons  varolii;  a  t,  a  t,  sensory  tract; 
m  t,  m  t,  motor  tract ;  g,  olivary  tract ;  p,  pyramidal 
trnct ;  o  g,  olivary  ganglion ;  o  p,  oplio  nerve ;  3  m,  root  of 
the  third  pair  (motor) ;  5  e,  sensory  root  of  the  fifth  pair. 


*  Op.  cit.,  p.  245.  t  Op.  cit.,  p.  148  et  seq. 

t  "Philosophical  Transactions,"  1836. 
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Fig.  160. 


which  unites  itself  with  the  pyramidal  columns,  and  a  deep  set  which 
conies  into  relation  with  the  olivary. — vi.    The  Posterior  Pyramids  are 
scarcely  distinguishable  externally  from  the  Eestiform  bodies,  of  which 
they  were  formerly  described  as  a  constituent  part ;  they  form  however, 
the  immediate  boundaries  of  the  posterior  median  fissure ;  and  whilst 
superficially  marked-off  from  the  Eestiform  bodies  by  a  slight  groove, 
are  more  completely  separated  from  them  by  their  anatomical  relations 
to  the  parts  above  and  below.    Their  fibres  establish  a  connection 
between  the  sensory  tract  (st,st)  of  the  Crura  Cerebri,  and  the  posterior 
part  of  the  lateral  columns  of  the  Spinal  Cord,  some  of  them  passing 
also  into  its  posterior  columns.    These  fibrous  tracts  are  stated  by 
;Mr.  Solly*  and  Dr.  RadclyfFe  Hallf  to  decussate,  partially,  at  least, 
whilst  passing  through  the  Pons  Varolii.  The  arciform  fibres  (af,  Fig.  158) 
aere  seen  crossing  the  Medulla  nearly  at  right  angles,  just  below  the 
)livary  bodies,  which  indeed  they  partly  cover,  have  been  shown  by 
Mr.  J.  L.  Clarke  to  be  only  a  superficial  portion  of  a  very  important 
md  extensive  order  of  commissural  fibres  (well 
I  seen  in  Figs.  163-165),  the  bulk  of  which  is 
nuch  more  deeply  placed,  and  which  not  only 
|  tonnect  the  opposite  halves  of  the  Medulla 
)blongata  by  traversing  the  raphe,  but  at  the 
p  ame  time  form  the  means  of  communication 
k  >etween  all  the  parts  of  each  separate  half,  the 
l  iet-like  arrangement  of  the  fibres  being  every- 
I  rhere  interspersed  with  innumerable  cells  of 
I  aried  shape  and  size,  from  which  many  of 
L  lie  fibres  may  be  seen  to  arise. — The  gradual 
l  evelopment  of  the  several  centres  of  grey 
iabstance  in  the  Medulla  Oblongata,  and  the 
|  alations  which  they  bear  to  the  Cerebral 
i  erves,  most  of  which  take  their  origin  from 
I  fis  part  of  the  Spinal  axis,  may  be  rendered 
itelligible  by  a  comparison  of  the  following 
iagrams.    The  first  section  here  shown  (Fig. 
|  j0)  is  made  at  the  level  of  the  lower  fibres 
1 ."  origin  of  the  first  Spinal  nerves.  On 
|)mparing  the  shape  and  position  of  the  grey  substance  with  its 
1  )pearance,  as  shown  in  Fig.  155,  it  will  be  observed  that  the  whole 
the  grey  substance  is  here  placed  more  anteriorly  than  in  that 
j-.ction;  that  the  posterior  white  columns  (o  and  b)  are  of  large  size, 
I  oust  the  anterior  and  antero-lateral  columns  are  comparatively  small. 

Fig.  161  the  grey  substance  is  seen  to  have  relatively  increased  in 
I  se,  but  to  have  become  somewhat  broken  up.  On  each  side  of  the 
Interior  median  fissure  a  remarkable  longitudinal  column  (b),  contain- 
1  g  grey  matter  in  its  interior,  termed  the  '  pyramidal  column,'  is  be- 
ll nning  to  appear ;  a  second  swelling,  situated  on  the  Cervix  a  little  more 
ternally  to  that  just  mentioned,  indicates  the  commencing  appearance 
the  restiform  nucleus ;  still  more  externally,  the  Caput  Cornu  may  be 
in  to  be  detached  and  thrown  aside  from  the  rest  as  a  distinct  mass, 


Section  made  opposite  First 
pair  of  Cervical  Nerves. — The 
following  references  indicate 
the  same  parts  in  Figs.160-1 66 : 
—a,  anterior,  p,  posterior  root 
of  Spinal  Nerve ;  i  i,  anterior 
white  column ;  o,  posterior 
white  column  below,  but  in 
the  higher  sections  restiform 
body;  b  b,  posterior  pyramids; 
e,  grey  Tubercle  of  Rolando  ; 
Mg,  Hypoglossal  Nerve;  Sp. 
Ac.  Spinal  Accessory  Nerve  ; 
V,  Pneumogastric  Nerve;  gp. 
Glosso-pharyngeal  Nerve. 


*  « r 


'The  Human  Brain,"  2nd  edit.,  p.  % 
'Edinb.  Med.  and  Surg.  Journ.,'*  Ju 


243. 

ly  1847,  plate  vii. 
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Section  passing  through 
upper  fibres  of  origin  of  First 
pair  of  Cervical  Nerves. 


Fig.  162. 


which  is  traversed  successively  by  the  vagus  and  glosso-pkai-yngeal 
nerves,  and  then  becomes  the  principal  nucleus  of  the  sensory  root 

of  the  5th  pair.  The  decussation  of  fibres  pro- 
ceeding from  the  deeper  part  of  the  lateral 
column  (between  p  and  a,  Fig  160)  to  form  the 
anterior  columns  is  also  here  well  seen,  and  the 
central  grey  substance  has  reassumed  a  triangular 
form.  In  the  next  section  (Fig.  162),  made 
about  £  of  an  inch  below  the  olivary  bodies,  the 
grey  matter  of  the  posterior  pyramids  (6)  on 
either  side  of  the  posterior  median  fissure,  is 
seen  to  have  considerably  increased  in  size ;  the 
slight  swelling  at  the  base  of  the  Cervix  is  also 
now  much  larger,  and  has  become  the  grey 
nucleus  of  the  restiform  bodies  (o),  whilst  what 
was  the  Caput  Cornu  is  pushed  still  further  forwards,  and  forms  a 
great  mass  of  grey  matter  at  the  side  of  the  cord,  known  as  the  Grey 

Tubercle  of  Rolando  (e,  Figs.  163,  164).  The 
commissural  direction  and  arrangement  of  the 
fibres  of  the  anterior  pyramids  are  also  still  ap- 
parent. They  come  principally  from  the  central 
grey  substance,  and  scarcely  at  all  from  the  late- 
ral columns.  On  making  a  section  just  below 
the  olivary  bodies  (Fig.  163),  the  grey  matter 
is  found  to  occupy  almost  the  whole  of  the  pos- 
terior pyi*amids  (l),  and  a  large  portion  of  the 
restiform  bodies  (o),  whilst  a  most  delicate  and 
Section  passing  a  quarter  of  complex  system  of  interlacing  fibres  surrounds 

an  inch  below  Olivary  bodies.    ,  •  *  J        ,  D_       .       „  „  ,  , 

the  central  canal.  The  grey  tubercle  ot  Kolando 
having  increased  in  size  and  reached  the  surface  of  the  Medulla,  appears 
as  a  dark  streak  (t  c,  Fig.  158)  ;  the  portion  of  the  anterior  column  which 

does  not  decussate  has  been  left  white  on  the 
right  side  of  this  drawing.  Two  minute  dark 
spots  may  be  noticed  near  the  bottom  of  the 
posterior  fissure  ;  these  are  imbedded  in  the  mass 
of  cells  forming  the  chief  ganglionic  centres  of 
the  spinal  accessory  nerve,  though  other  and 
extremely  fine  rootlets  belonging  to  these  nerves 
may  be  traced  arising  from  the  lateral  grey 
substance  and  base  of  the  anterior  cornu  ol 
the  spinal  cord  or  tractus  intermedio-laterahs, 
and  issuing  with  the  posterior  roots  of  the  Spinal 
nerves  as  low  down  as  the  sixth  or  seventh 
cervical  vertebra.  Fig.  164  is  taken  from  a 
section  made  through  the  lower  part  of  the  Olivary  body.  The  posterior 
pyramids  (b)  still  contain  much  grey  matter,  and  the  restiform  nucleus 
and  grey  tubercle  of  Rolando  are  strongly  defined.  The  small  centr 
canal  has  become  closely  approximated  to  the  bottom  of  the  posterior 
median  fissure,  and  on  either  side  of  it  are  the  ganglionic  masses  fron1 
which  the  spinal  accessory  nerve  takes  its  origin,  whilst  immediate 
in  front  of  it  are  two  dark  spots  containing  large  multipolar  cells  m  i 


Fia.  163. 


Section  immediately  below 
Olivary  bodies. 
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Section  through  lower  part  of 
Olivary  body. 


Fig.  165. 


eating  the  ganglia  of  origin  of  the  hypoglossal  nerve,  other  fibres 
of  which  last,  like  those  of  the  spinal  accessory  nerve,  may  be  traced 

downwards,  and  arise  from  the  upper 

remains  of  the  anterior  cornu,  whilst  a  few 

>f  the  superior  fibres  cross  the  raphe, 
i.  interiorly  the  windings  of  the  corpus 

lentatum  or  olivary  nucleus  are  visible, 

,vith  a  remarkable  set  of  ganglionic  cells- 
I  ndicated  by  g,  termed  the  antero-lateral 

mcleus.    These  are  connected  together 

w  a  network  in  the  lateral  column,  and 

yjr  nerve  fibres  from  the  Tubercle  of 

\olando.  The  whole  central  part  of  the 
!  rrey  substance  of  the  Medulla  is  shown 

0  be  composed  of  commissural  bundles 
I  onstituting  the  deep  system  of  arciform 

I  bres  described  by  Lockhart  Clarke.  The  decussation  of  the  anterior 
yramids  is  here  much  diminished  ;  for  the  fibres  they  derive  from  the 
literal  columns,  which  at  first  were 
jtheir  principal  source,  have  become 
I'Omparatively  few ;  whilst  those  that 
l.roceed  from  the  posterior  columns 
And  central  grey  substance  have  been 
Lradually  increasing  in  number, 
i|  lough  not  in  a  corresponding  pro- 
portion. The  section  Fig.  165  is 
ilirried  through  the  Medulla  just  at 
tie  point  of  the  Calamus  Scriptorius, 
;S  id  shows  that  the  hypoglossal  gan- 
lliia  have  retreated  somewhat  back- 
ward, pushing  the  mass  of  ganglionic 
fffi'lls  from  which  the  spinal  accessory 

1  ose,  but  which  now  constitute  the  origin  of  the  Pneumo  gastric  Nerves 
bl. ),  to  some  extent  outwards.*  The  posterior  pyramidal  (b)  and  resti- 
;  I:  rm  ganglia  (a)  have  increased  in  size,  and  by  their  lateral  expansion 

I  rm  nearly  one  continuous  mass  on  each  side  of  the  Medulla,  which 
I  om  the  close  interlacement  of  their  fibres  presents  a  spongy  appearance, 
I  imerous  cells  being  contained  in  the  interstices.    In  a  recent  paper 
I  ad  before  the  Royal  Society  Mr.  Lockhart  Clarkef  has  made  one  or 
j  o  additions  to  the  foregoing  statement  which  may  be  here  noticed  and 
|  U  be  understood  from  an  examination  of  Fig.  16  6.  It  will  there  be  seen  that 
I  tween  the  hypoglossal  and  spinal  accessory  nuclei,  the  cells  of  which 
1 3  ultimately  connected  together  by  communicating  processes,  a  small 
J;  oup  of  cells  exists  (7a),  forming  the  attenuated  point  of  a  fusiform  tract 
I  nch,  augmenting  as  it  ascends,  insinuates  itself  between  the  hypo- 
S-)ssal  and  the  spinal  accessory,  now  become  the  vagal  nucleus,  and 
I  it  still  higher  (c)  it  has  attained  a  large  size  and  forms  in  conjunction 

'  The  vesicular  column  which  gives  origin  to  the  fibres  of  the  spinal  accessory, 
omes  the  centre  for  the  Vagus  about  the  level  of  the  middle  of  the  olivary 


mm 


Section  through  point  of  Calamus 
Scriptorius. 


les 


t  "Phil.  Trans.,"  1868,  Pt.  i.  p.  283. 
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Diagram  Bhowing 
position  of  the  Nuclei  in 
the  Medulla  Oblongata,  a. 
At  the  end  of  the  lower 
third  of  the  olivary  body. 
b.  At  the  middle  of  the 
olivary  body.  c.  At  the 
xipper  extremity  of  the 
olivary  body.  h.  Hypo- 
glossal, s.x.  Spinal  Acces- 
sory, v.  Vugus.  7.  Portio 
dura.  5.  Motor  root  of  the 
fifth. 


with  another  small  vesicular  tract  also  situated  to  the  inner  side  of  the 
hypoglossal  nerve  the  fasciculus  teres  which  lies  on  either  side  of  the 

median  line.  It  constitutes  the  nucleus  of  the  7th. 
Intimately  connected  with  the  nucleus  of  the  7th 
and  with  that  of  the  glosso-pharyngeal  by  means 
of  long  fibres  are  the  cells  which  form  the  motor 
tract  of  the  5th,  and  which  may  be  traced  below 
the  level  of  the  middle  of  the  olivary  bodies. 
The  section  displayed  in  Fig.  167  is  carried  through 
the  upper  part  of  the  Medulla  Oblongata,  and 
shows  the  Glosso-Pharyngeal  arising  at  a  higher 
level,  but  from  the  same  series  of  ganglionic  cells 
as  those  from  which  the  Spinal  Accessory  and 
Pneumogastric  roots  have  successively  arisen,  and 
which  are  now  sunk  beneath  two  new  masses  of 
vesicular  substance  from  which  the  Auditory  nerves 
take  their  origin.  The  Auditory  nerve  itself  is 
seen  to  divide  into  two  portions,  one  curving  round 
the  side  of  the  Medulla,  and  forming  the  well- 
known  transverse  elevation  on  the  floor  of  the 
Fourth  Ventricle,  to  terminate  in  the  inner  or  pos- 
terior auditory  nucleus  and  to  some  extent  in  the 
outer  nucleus,  the  other  dipping  into  the  substance 
of  the  cord  in  front  of  the  Kestiform  body  to  reach 
the  outer  nucleus  formed  by  the  summit  of  the 
posterior  pyramid  and  apparently  of  part  of  the  nucleus  of  the  Pneu- 
mogastric nerve.     The  ganglionic  cells  which  give  origin  to  the  motor 

root  of  the  5th  nerve  are  here  very  apparent.  If 
the  parts  just  described  are  examined  in  longi- 
tudinal section  the  appearances  are  those  shown 
in  Fig.  168,  and  are  thus  described  by  Mr. 
Lockhart  Clarke*  If  the  posterior  pyramid  b  b> 
(on  the  left  side)  be  carefully  dissected  from  the 
restiform  body  from  below  upwards,  and  be 
thrown  forwards,  the  tract  will  be  exposed  from 
which  the  spinal  accessory  and  pneumogastric 
nerves  arise.  The  part  indicated  by  t  is  the 
nucleus  of  the  spinal  accessory  nerve.  _  The 
oval  mass  g,  marked  off  by  the  dotted  line,  is  the 
inner  and  posterior  portion  of  the  vagal  nucleus. 
Continuous  with  the  preceding,  and  exposed  at 
the  point  of  the  calamus  scriptorius  by  the  divergence  of  the  posterior 
pyramid  I,  is  its  inner  and  more  anterior  portion,  covered  like  the  spin? 
accessory  nucleus  t,  lower  down,  by  the  posterior  pyramid,  as  seen  i 
Fio-s.  164  and  165.  Its  upper  point  m  forms  the  principal  nucleus 
th?  glosso-pharyngeal  nerve.  Along  the  outer  and  anterior  part  ol  t  i 
grey  tract  is  a  slender  longitudinal  white  column,  which  it  lodges  a 
were  in  a  groove,  and  which  tapers  to  a  point  as  it  descends  oblique 
inwards  along  the  base  of  the  posterior  pyramid  to  the  mesial  nne- 

*  Researches  on  the  Intimate  Structure  of  the  Brain.    Second  Series. 
Transact,,"  Parti,  1868,  p.  267. 


Pig.  167. 


Aiui) 


Section  through  upper  part 
of  the  Medulla  Oblongata. 
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Fig.  168. 


;s  upward  course  it  lies  along  the  inner  edge  of  the  pyramid,  and  joins 
nose  fibres  of  the  latter  which  pass  into  the  anterior  or  outer  auditory 
ucleus.    On  the  outer  side  of  this  slender  white  column  is  a  somewhat 
isiform  mass  of  grey  substance  o  imbedded  in  the 
iner  side  of  the  restiform  body,  and  exposed  by 
ie  removal  of  the  posterior  pyramid.    From  the 
pper  extremity  of  this  mass  a  thin  but  broad  layer 
'  fibres,  mixed  with  some  grey  substance  (p), 
idiates  upward  and  outward  on  the  restiform  body, 
he  deep  origins  of  the  5th,  6th,  and  Portio  Dura 
the  7th,  are  further  shown  in  the  section  Fig. 
59.     The  6th  and  Portio  Dura  seem  to  form 
I  most  a  loop,  and  to  be   continuous  with  each 
her  through  a  common  ganglionic  centre  from 
whence  they  arise,  situated  above  but  in  the  same 
j  ie  with  that  of  the  hypoglossal,  and  both  may  be 
j  iced  to  the  superficial  grey  layer  of  the  fasciculus 
Ires,  but  each  of  these  nerves  has  besides  a  sepa- 
l  te  nucleus  of  its  own.    When  the  portio  dura  of 
Laches  the  fasciculus  teres,  as  shown  in  Fig.  169, 
I  lly  down  the  medulla,  and 


Longitudinal  section  of 
the  Medulla  Oblongata. 

the  seventh  nerve 
it  runs  longitudi- 


Fig.  169. 

SajJ.Ped  rfCcrth  ell. 


MuiJfed- 


,er  a  very  short  course  again 
nds  transversely  forward 
form  a  loop  along  the  side 
the  median  furrow.  The 
limit  of  this  curve  consti- 
?ses  the  longitudinal  bundle 
fibres,  of  which  the  oval 
:  end  is  seen  united  by  a 
dge   in  the   figure  just 
l  ow  the  words  fourth  ven- 
I  He.  The  loop  encloses  the 
|  )leus  common   to  it  and 
i   sixth,  and  the  lower  arm  of  the  loop  in  its  course  forwards  divides 
3  a  brush  into  separate  fibres,  which  plunge  into  the  motor  nucleus 
fifth  nerve,  and  into  the  superior   olivary  body,  or  grey 


drey  nudeut 
of  Trajvex^ 


Section  made  through  the  summit  of  the  Medulla 
Oblongata. 


ie 


the 

leus  of  the  trapezium.     As  regards  the  6th,"  the  lower  fibres 

dura  of  the 

and  also  from  the  grey  matter  of  the  fasciculus  teres,  whilst 
upper  fibres  arise  from  the  upper  and  inner  part  of  the  common 
ghon,  which  may  here  be  regarded  as  a  separate  centre  or 
leus,  as  the  outer  portion  from  which  the  portio  dura  pre- 
lsly  arose,  has  become  much  attenuated,  and  ceases  to  give  origin 
he  fibres  of  that  nerve.  The  close  relation  which  exists  between  the 
lei  of  origin  of  the  hypoglossal,  glosso-pharyngeal,  spinal  accessory, 
us,  facial,  and  trigeminal  nerves,  is  of  much  interest,  and  serves  to 
lain  the  symptoms  accompanying  various  forms  of  paralysis,  in  which 
muscles  concerned  in  deglutition,  vocalization,  articulation,  and  ex- 
-sion  are  affected.  The  motor  and  sensory  roots  of  the  5th  are 
irated  from  one  another  at  their  origin  by  the  Portio  Dura.  The 
lection  of  the  motor  root  with  the  glosso-pharyngeal  nucleus  and 
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with  the  fasciculus  teres  or  nucleus  of  the  7th,  has  already  been  noticed. 
The  Posterior  or  Sensory  root  runs  down  through  the  front  of  the  grey 
tubercle  or  caput  cornu  posterior,  which  may  be  regarded  as  the  con- 
tinuation of  its  nucleus,  and  is  in  most  intimate  relation  with  the  fibres 
of  origin  of  the  vagus  and  glosso-pharyngeal  nerves,  which  pass  through 
this  portion  of  the  fifth  nerve.  The  origins  of  the  4th  pair  of  Cerebral 
nerves  have  been  shown  by  Mr.  Lockhart  Clarke  to  be  traceable  on 
either  side  through  the  thin  laminae  constituting  the  Valve  of  Vieussens, 
and  through  the  columns  forming  the  lateral  boundaries  of  the  Aqueduct 
of  Sylvius,  to  near  the  floor  of  the  fourth  ventricle ;  whilst  the  3rd 
nerve,  the  apparent  origin  of  which  is  from  the  locus  niger  of  the  Cere- 
bral peduncles,  has  been  followed  by  Stilling  to  a  grey  nucleus  under- 
lying the  Aqueduct  of  Sylvius,  and  has  been  shown  by  Clarke  to  be  in 
close  relation  with  the  grey  tubercle  into  which  the  sensory  root  of  the 
5th  penetrates,  and  the  nucleus  common  to  the  portio  dura  and  abdu- 
cens  nerves.  In  order  to  complete  the  description  of  the  origins  of  the 
Cerebral  nerves,  it  is  only  requisite  here  to  mention  that  the  2nd  pair, 

Fig.  170. 


Course  of  the  Sensory  tract  according  to  Sir  C.  Bell :— a,  Pons  Varolii ;  B,  B,  sensory  tract 
separated;  c,  union  of  posterior  columns;  d,  d,  posterior  roots  of  spinal  nerves ;  B.sens  7 
roots  of  fifth  pair. 

or  Optic  nerves,  arise  from  the  posterior  part  of  the  Optic  thalami  an 
from  the  Corpora  Quadrigemina ;    whilst  the  1st  pair,  or  01fact°e 
nerves,  arise  by  three  roots,  the  outer  one  appearing  to  be  connec 
with  the  Corpus  Striatum  of  its  own  side,  the  inner  one  with  the  h«aa 
Cinerea  in  front  of  the  Optic  commissure,  and  the  middle  one  sprin°vi 
from  a  grey  nucleus  in  front  of  the  anterior  perforated  space. 
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thus  be  seen  that  the  whole  series  of  the  Cephalic  nerves,  when  followed 
x>  their  origin,  arise  from  grey  ganglionic  centres  situated  along  the 
loor  of  or  just  below  the  fourth  ventricle  and  the  base  of  the  brain. 
These,  there  can  be  little  doubt,  are  more  or  less  intimately  connected 
vith  one  another  by  longitudinal  and  transverse  commissural  fibres,  and 
establish  the  existence  of  a  Sensory  tract,  the  activity  of  which  is  of 
imdamental  importance,  as  will  hereafter  be  shown,  in  the  origination  of 

Fig.  171. 


i  Course  of  the  Motor  tract,  according  to  Sir  C.  Bell :— A,  A,  fibres  of  the  Hemisphere,  con- 
verging to  form  the  anterior  portion  of  the  crus  cerebri;  b,  the  same  tract,  where  passing 
the  crus  cerebri  ;  c,  the  right  Pyramidal  body,  a  little  above  the  point  of  decussation ;  r>, 
yie  remaining  part  of  the  PonB  Varolii,  a  portion  having  been  dissected-off  to  expose  B.— 
i,  olfactory  nerve,  in  outline ;  2,  union  of  optic  nerves ;  3,  3,  motor  oculi ;  4,  4,  patheticus  ; 
o,  o,  trigeminus ;  6,  6,  its  muscular  division ;  7,  7,  its  Bensory  root ;  8,  origin  of  sensory 
root  trom  the  posterior  part  of  the  medulla  oblongata ;  9,  abducens  oculi ;  10,  auditory 
nerve;  11  facial  nerve;  12,  eighth  pair;  13,  hypoglossal;  14.  spinal  nerves;  15,  spinal 
accessory  of  right  side,  separated  from  par  vagum  and  glosso-pharyngeal. 
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ideas  and  of  a  certain  class  of  movements  which  may  be  termed  '  con- 
sensual' or  '  sensori-motor.'  The  Pons  is  chiefly  composed  of  transverse 
fibres  which  constitute  the  great  commissure  of  the  Cerebellum ;  and 
are  an  extension  of  the  arciform  fibres  of  the  medulla  oblongata ;  and 
these  fibres  not  only  surround  the  longitudinal  bands  which  connect  the 
Cerebral  mass  with  the  Spinal  Cord,  but  pass  through  them  so  as  in  some 
degree  to  isolate  the  two  lateral  halves  from  one  another,  and  to  form  a 
complete  septum  between  the  anterior  and  posterior  portions  of  each. 
These  anterior  and  posterior  tracts  of  the  Crura  Cerebri  are  probably 
essentially  subservient  to  the  motor  and  sensory  functions.  The  grey 
substance  of  the  Pons  is  arranged  in  a  peculiar  manner.  Its  cells  are 
generally  round,  oval,  or  fusiform,  and  of  about  the  1500th  of  an  inch  in 
diameter,  and  are  so  connected  with  nerve  fibres  in  chains  or  bundles  as 
to  form  a  complete  network,  the  principal  chains  of  which  have  in 
general  a  longitudinal  extension,  and  follow  the  course  of  the  longitudinal 
fasciculi  of  the  anterior  pyramids.  The  general  relations  of  the  Sensory 
tract  were  represented  by  Sir  Charles  Bell  in  the  accompanying  diagram 
(Fig.  170),  in  which  the  Medulla  is  opened  on  its  posterior  aspect,  the 
restiform  columns  separated  and  turned  aside  so  as  to  bring  into  view  the 
posterior  pyramids,  some  of  the  fibres  of  which  may  be  traced  upwards 
into  the  Thalami  Optici,  whilst  they  pass  through  the  posterior  pyramids 
into  the  posterior  portion  of  the  lateral  columns,  and  also  into  the 
posterior  columns  of  the  Spinal  Cord.'  It  will  be  seen,  however,  from 
the  foregoing  description,  that  the  posterior  and  lateral  columns  of  the 
Cord  to  a  great  extent  terminate  in  the  lower  part  of  the  Medulla 
Oblongata,  and  that  the  posterior  pyramids  and  restiform  bodies,  with 
their  .grey  nuclei,  are  essentially  new  formations  the  real  function  of 
which  is  as  yet  only  partially  determined.  The  Motor  tract  (Fig.  171)  is 
brought  into  view  by  simply  raising  the  superficial  layer  of  the  Pons, 
and  following  upwards  and  downwards  the  longitudinal  fibres  which 
there  present  themselves.  These  fibres  may  be  traced  upwards  into 
the  Corpora  striata,  and  downwards  into  the  anterior  pyramids  and  a 
portion  of  the  olivary  columns,  so  that  they  connect  the  Corpora  striata , 
with  the  anterior,  and  with  the  anterior  portion  of  the  lateral  columns  | 
of  the  Spinal  Cord.  \ 
490.  Nerves  of  the  Spinal  Axis. — With  the  Spinal  Cord  (in  its  limited 
sense)  there  are  connected  thirty-one  pairs  of  nerves ;  each  of  which  cor- 
responds to  a  vertebral  segment  of  the  body,  and  has  two  sets  of  roots, 
an  anterior  and  a  posterior,  differing  in  their  functional  endowments, 
as  already  described  (§  462).  The  anterior  roots  are  usually  the  smaller ; 
and  this  is  particularly  the  case  with  those  of  the  cervical  nerves,  m 
which  the  posterior  roots  are  of  remarkable  comparative  size.  In  the  first 
Cervical  or  1  sub-occipital'  pair,  the  anterior  roots  are  sometimes  wanting  ;| 
but  there  is  then  a  derivation  of  fibres  from  the  Spinal  Accessory,  or  rrom| 
the  Hypoglossal,  or  from  both.  The  two  roots  of  the  ordinary  Spm 
nerves  unite  immediately  beyond  the  ganglion,  which  is  situated  on  tn 
posterior  one  ;  and  the  trunk  thus  formed  separates  immediately  in 
two  divisions, — the  anterior  and  posterior, — each  of  which  contains  30 
afferent  and  motor  fibres.  These  divisions,  of  which  the  anterior  is  b 
far  the  larger,  proceed  to  the  anterior  and  posterior  parts  of  the  bo 
respectively ;  and  are  chiefly  distributed  to  the  skin  and  the  muscles 
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The  anterior  branch  is  that  which  communicates  with  the  Sympathetic 
aerve. — In  addition  to  these,  however,  as  Ave  have  seen,  the  cranial  pro- 
longation of  the  Spinal  Axis  is  the  centre  of  all  the  cephalic  nerves,  the 
[unctions  of  which,  since  they  are  for  the  most  part  distinguished  by  the 
oeculiarity  of  their  endowments,  require  to  be  separately  noticed. 

491.  The  pair  of  nerves  commonly  designated  as  the  Fifth  of  the 
jephalic  series,  or  as  the  Trigeminus,  is  the  one  which  more  nearly 
•esembles  the  ordinary  Spinal  nerves,  than  does  any  other  of  those 
originating  within  the  cranium.    It  possesses  two  distinct  sets  of  roots, 
>f  which  one  is  much  larger  than  the  other;  on  the  larger  root,  as  on 
he  posterior  and  larger  root  of  the  Spinal  nerves,  is  a  distinct  ganglion, 
:nown  as  the  '  Gasserian' ;  and  the  fibres  arising  from  the  smaller  root, 
he  number  of  which  has  been  estimated  at  9000  to  10,000,  do  not  blend 
rith  those  of  the  larger,  until  the  latter  have  passed  through  this  ganglion, 
'he  trunk  of  the  nerve  separates  into  three  divisions, — the  Ophthalmic, 
be  Superior  Maxillary,  and  the  Inferior  Maxillary  ;  and  it  can  be  easily 
hown,  by  careful  dissection,  that  the  fibres  of  the  smaller  root  pass  into 
le  last  of  these  divisions  alone.    When  the  distribution  of  this  nerve  is 
.irefully  examined,  it  is  found  that  the  first  and  second  divisions  of  it 
roceed  almost  entirely  to  the  Skin  and  Mucous  surfaces,  only  a  very 
nail  proportion  of  their  fibres  being  lost  in  the  muscles ;  whilst  of  the 
ranches  of  the  third  division,  a  large  number  are  distinctly  Muscular, 
.ence  analogy,  and  the  facts  supplied  by  anatomical  research,  would  lead 
i  the  conclusion,  that  the  first  two  divisions  are  nerves  of  sensation  only, 
id  that  the  third  division  combines  sensory  and  motor  endowments, 
ich  an  inference  is  fully  borne-out  by  experiment.    When  the  whole 
uuk  is  divided  within  the  cranium  by  the  penetration  of  a  sharp  instru- 
t  ent  (which  Magendie,  by  frequent  practice,  was  able  to  accomplish), 
ident  signs  of  acute  pain  are  given.    After  the  incision  has  been  made 
rough  the  skin,  the  animal  remains  quiet  until  the  nerve  is  touched ; 
d  when  it  is  pressed  or  divided,  doleful  cries  are  uttered,  which  con- 
iue  for  some  time,  showing  the  painful  effect  of  the  irritated  state  of  the 
|  t  extremity.   The  common  sensibility  of  all  the  parts  supplied  by  this 
rve  is  entirely  destroyed  on  the  affected  side.    The  jaw  does  not  hang 
}sely,  because  it  is  partly  kept-up  by  the  muscles  of  the  other  side  ; 
I  t  it  falls  in  a  slight  degree  ;  and  its  movements  are  seen,  when  care- 
|  ily  observed,  to  be  somewhat  oblique.    If  the  trunk  be  divided  on  each 
I  le,  the  whole  head  is  deprived  of  sensibility ;  and  the  animal  carries  it 
I  a  curious  vacillating  manner,  as  if  it  were  a  foreign  body. — If  the 
I  terior  or  Ophthalmic  branch  only  be  divided,  all  the  parts  supplied  by 
I  are  found  to  have  lost  their  sensibility ;  but  their  motions  are  unim- 
I  ired ;  and  all  experiments  and  pathological  observations  concur  in  attri- 
I  ting  to  it  sensory  endowments  only.    The  only  apparent  exception  is 
I  the  case  of  the  naso-ciliary  branch,  since  there  is  good  reason  to  believe 
I  it  the  long  root  of  the  ciliary  ganglion  and  the  long  ciliary  nerves 
I  Jsess  motor  powers ;  but  these  appear  to  be  derived  from  the  Sympa- 
litic  or  from  the  3rd  pair.    When  the  whole  nerve,  or  its  anterior 
1  inch,  is  divided  in  the  rabbit,  the  pupil  is  exceedingly  contracted,  and 
I  nains  immovable ;  but  in  dogs  and  pigeons  it  is  dilated.    The  pupil 
I  the  other  eye  is  scarcely  affected ;  or,  if  its  dimensions  be  changed,  it 
I  n  returns  to  its  natural  state.  The  eyeball,  however,  speedily  becomes 
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inflamed ;  and  the  inflammation  usually  runs-on  to  suppuration  and 
complete  disorganization.  The  commencement  of  these  changes  may  be 
commonly  noticed  within  twenty-four  hours  after  the  operation ;  and  it 
is  probable  they  may  in  part  be  attributed  to  the  want  of  the  protective 
secretion,  which  is  necessary  to  keep  the  mucous  surface  of  the  eye  in  its 
healthy  condition,  and  which  is  not  formed  when  the  sensibility  of  that 
surface  is  destroyed ;  since,  as  Snellen*  has  shown,  if  the  eye  be  care- 
fully protected  from  the  action  of  external  and  injurious  agencies,  no 
ill  effects  are  observed.  Pathological  evidence,  however,  is  not  wanting 
to  show  that  the  fifth  exerts  some  influence  over  the  nutritive  processes 
in  the  parts  it  supplies,  which  is  probably  transmitted  through  the  vaso- 
motor nerves  it  contains,  j — The  Superior  Maxillary  branch,  considered 
in  itself,  is  equally  destitute  of  motor  endowments  with  the  ophthalmic ; 
but  its  connection  with  other  nerves,throughthe  spheno-palatine  ganglion, 
or  rather  its  anastomosing  twigs,:}:  may  introduce  a  few  motor  fibres 
into  it. — The  Inferior  Maxillary  branch  is  the  only  one  which  pos- 
sesses motor  as  well  as  sensory  endowments  from  its  origin ;  but  its 
different  subdivisions  possess  these  endowments  in  varying  proportions, 
some  being  almost  exclusively  motor,  and  others  as  completely  of  a 
sensory  character.  The  latter  is  probably  the  nature  of  the  Lingual 
branch ;  and  there  seems  good  reason  to  believe,  as  will  hereafter  be 
shown  (§  494),  that  this  ministers  not  only  to  the  tactile  sensibility  of 
the  tongue,  but  to  the  sense  of  Taste.  1  The  muscles  put  in  action  by 
this  division,  are  solely  those  concerned  in  the  masticatory  movements. — 
The  5th  pair  is  connected,  in  different  parts  of  its  course,  with  a  number 
of  small  ganglia  belonging  to  the  Sympathetic  system.  One  of  the 
most  interesting  of  these  ganglia  is  the  Ophthalmic  or  Ciliary  (Fig.  172, 
29),  which  is  the  centre  whence  the  eyeball  derives  its  supply  of  nerves, 
sensory,  motor,  and  sympathetic.  This  ganglion  derives  its  sensory 
fibres  by  its  '  long  root'  from  the  nasal  branch  of  the  Ophthalmic  divi- 
sion of  the  5th  pair ;  its  motor  fibres,  by  the  4  short  root'  from  the  3rd 
pair ;  whilst  by  another  small  root,  it  is  connected  with  the  cavernous 
plexus  of  the  Sympathetic  system,§  and  is  thus  brought  into  relation 

*  "  Ann.  d'Oculist,"  1865,  t.  liii.  p.  178. 
t  See  von  Griife,  "  Archiv  f.  Ophthal.,"  1854-55,  p.  306  ;  Longet,  "  Physiologic, 
1861,  vol.  ii.  p.  486. 

J  Since  the  ganglion  has  been  shown  by  Prevost  to  be  purely  sensory.  (Brown- 
Sequard's  "  Archives  de  Physiol.,"  1868,  pp.  7  and  207.) 

§  The  functions  of  this  gangliou  have  been  made  the  Bubject  of  particular  investiga- 
tion by  Dr.  C.  Kadclyffe  Hall  ("  Edinb.  Med.  and  Surg.  Journal,"  1846-48),  whose 
most  important  results  are  as  follows  : —  .  .  . 

1.  The  size  of  the  ciliary  ganglion  is  always  in  direct  proportion  to  the  activity  01 
the  iris,  which  in  turn  always  bears  a  direct  relation  to  the  strength  and  acuteness  01 
vision,  and  to  the  nocturnal  habits  of  the  animal,  and  implies  a  proportionate  develop- 
ment of  the  internal  vascular  apparatus  of  the  eye.  _  .  , 

2.  The  ganglion  is  always  more  intimately  connected  with  the  3rd  pair  than  wn  1 
any  other ;  the  size  of  the  short  root  being  always  in  direct  relation  to  that  ot  tne 
ganglion,  and  the  ganglion  being  sometimes  a  mere  swelling  on  the  trunk  ot  1 

HGrVG • 

3.  The  fibres  derived  from  the  5th  pair  do  not  terminate  in  the  ganglion,  but  pass 
onwards  through  it  to  the  ciliary  plexus.  .    •  j, 

4.  In  the  Rabbit,  the  iris  receives  fibres  from  the  6th  pair  which  do  not  Pass  U/l0  ri( 
the  ganglion  ;  and  it  is  through  this  that  the  contraction  of  the  pupil  is  produced  in 
animal  by  irritation  of  the  5th  pair,  which  will  not  produce  any  effect  upon  the  p  1 
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with  the  Spinal  axis  ;  for,  according  to  Budge,*  these  fibres  of  origin  for 
the  Sympathetic  nerve  arise  from  two  centres :  first,  from  the  Spinal 
:ord  between  the  6th  cervical  and  the  2nd  dorsal  vertebra  (a  part 


The  Nerces  of  the  Orbit  seen  from  the  outer  side  : — 1,  Section  of  the  frontal  bone  ;  imme- 
diately behind  the  numeral  is  the  frontal  sinus,  and,  in  front,  the  integument.  2.  The  superior 
maxillary  bone;  the  section  in  front  of  the  numeral  exhibits  the  maxillary  sinus.  3.  Part  of 
the  sphenoid  bone.  4.  The  levator  palpebrae  and  superior  rectus  muscles.  5,  The  superior 
oblique  muscle.  6.  The  inferior  oblique  muscle.  7.  The  ocular  half  of  the  external  rectus 
muscle  drawn  forwards.  8.  The  orbital  half  of  the  external  rectus  muscle  turned  downwards. 
On  this  muscle  the  sixth  nerve  is  seen  dividing  into  branches.  9.  The  inferior  rectus  muscle. 
10.  The  optic  nerve.  11.  The  internal  carotid  artery  emerging  from  the  cavernous  sinus. 
12.  The  ophthalmic  artery.  13.  The  third  nerve.  14.  The  branch  of  the  third  nerve  to  the 
inferior  oblique  muscle.  Between  this  and  the  sixth  nerve  (8)  is  seen  the  branch  which  sup- 
plies the  inferior  rectus  ;  its  branch  to  the  ophthalmic  ganglion  is  seen  proceeding  from  the 
upper  side  of  the  trunk  of  the  nerve,  at  the  bottom  of  the  orbit.  15.  The  fourth  nerve.  16. 
The  trunk  of  the  fifth  nerve.  17.  The  Gasserian  ganglion.  18.  The  ophthalmic  nerve.  19. 
The  superior  maxillary  nerve.  20.  The  inferior  maxillary  nerve.  21.  The  frontal  nerve.  22. 
Its  division  into  branches  to  supply  the  integument  of  theforehead.  23.  The  lachrymal  nerve. 
24.  The  nasal  nerve ;  the  small  nerve  seen  in  the  bifurcation  of  the  nasal  and  frontal  nerve,  is 
one  of  the  branches  of  the  upper  division  of  the  third  nerve.  25.  The  nasal  nerve  passing  over 
the  internal  rectus  muscle  to  the  anterior  ethmoidal  foramen.  26.  The  infra-trochlear  nerve. 
27.  A  long  ciliary  branch  of  the  nasal ;  another  long  ciliary  branch  is  seen  proceeding  from 
the  lower  aspect  of  the  nerve.  28.  The  long  root  of  the  ophthalmic  ganglion,  proceeding 
from  the  nasal  nerve,  and  receiving  the  sympathetic  root  which  joins  it  at  an  acute  angle. 
29.  The  ophthalmic  ganglion,  giving-offfrom  its  fore-part  the  short  ciliary  nerves.  30.  The 
globe  of  the  eye. 

Inch  he  terms  the  Centrum  Cilio-spinale  Inferius),  the  fibres  from 
hich  pass  upward  in  the  great  cord  of  the  Sympathetic;  and  secondly, 
om  another  centre  situated  in  the  Medulla  Oblongata,  in  immediate 

the  Dog,  Cat,  or  Pigeon,  so  long  as  it  does  not  affect  the  brain  to  the  extent  of  pro- 
icmg  vertigo,  nor  affect  the  visual  sense  in  any  other  way. 

5.  Irritation  of  the  5th  nerve  does  not  in  any  animal  affect  the  action  of  the  iris,  after 
e  division  of  the  cerebral  connections  of  all  the  other  ocular  nerves  [this  is  denied  by 

■  luge]i  so  that  its  influence  over  the  movements  of  the  iris  must  be  reflected  through 
I  e  encephalic  centres,  not  through  the  ophthalmic  ganglion. 

6.  The  function  of  the  ganglionic  centre  itself,  as  a  part  of  the  Sympathetic  system, 
ems  to  be  to  bring  the  '  organic  actions '  of  the  eyeball,  especially  its  supply  of  blood, 
to  harmony  with  its  functional  activity  ;  this  harmony  being  produced  by  the  passage 

I  the  cerebrospinal  nerves  through  the  ganglion,  which  excites  the  synergetic  action 
-its  own  vesicles  and  nerve-fibres. — Irritation  of  the  3rd  pair  of  nerves  produces  con- 
ation of  the  pupil;  irritation  of  the  cervical  portion  of  the  Sympathetic,  dilatation. 
1  tiie  other  hand,  paralysis  of  the  3rd  nerve  is  followed  by  dilatation  ;  paralysis  of 
3  cervical  sympathetic  (as  by  section),  by  contraction  of  the  pupil. 
"  Physiologie,"  1862,  p.  767. 
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proximity  to  the  origin  of  the  Hypoglossal  nerve,  the  fibres  from  this 
source  passing  into  the  superior  cervical  ganglion.  Valentin  maintains 
that  some  of  the  fibres  of  the  Inferior  Cilio-spinal  ganglion  ascend  in  the 
trunk  of  the  Pneumogastric* 

492.  The  Third,  Fourth,  and  Sixth  pairs,  together  make-up  the 
apparatus  of  motor  nerves,  by  which  the  muscles  of  the  Orbit  are  called 
into  action.    The  3rd  pair  supplies  the  levator  palpebraj,  the  superior, 
inferior,  and  internal  recti ;  the  circular  fibres  of  the  Iris  and  the  Ciliary 
Muscle,  or  Tensor  choroidea?.    Section  or  paralysis  of  the  3rd  occasions 
drooping  of  the  upper  eyelid  (ptosis)  ;  external  strabismus,  persistent 
dilatation  of  the  pupil,  and  accommodation  of  the  eye  for  distant  objects. 
The  4th  nerve  is  confined  to  the  Superior  Oblique,  and  the  Gth  to  the 
External  Rectus.    The  number  of  fibres  in  the  3rd  nerve  is  about 
15,000,  in  the  4th  about  1100,  in  the  6th  from  2000  to  2500.f  The 
third  and  fourth  nerves  present  some  traces  of  sensibility,  which  in  the 
former  nerve  is  probably  derived  from  the  5th.   ChauveauJ  observes  that 
the  deep  or  intra-cerebral  portions  of  the  motor  nerves  are  quite  incapable 
of  being  excited  to  action  by  direct  stimulation ;  though  on  applying 
irritation  to  them  at  the  point  where  they  emerge  from  the  cerebrum, 
movements  can  always  be  induced. — The  peculiar  mode  in  which  those 
motor  nerves  ordinarily  excite  the  muscles  to  action,  under  the  guidance 
of  the  visual  sense,  will  be  considered  in  the  next  Section.  Although 
commonly  ranked  as  cephalic  nerves,  they  have  no  direct  connection 
with  the  Cerebrum;  their  real  origin  being  from  the  upper  part  of  the 
Spinal  Axis.    The  roots  of  the  3rd  pair  may  be  traced  into  direct  con- 
nection with  the  Corpora  Quadrigemina ;  a  fact  of  considerable  physio- 
logical importance,  as  will  hereafter  appear. — The  chief  actions  of  a 
-purely -reflex  nature  to  which  this  group  of  nerves  ordinarily  ministers, 
are  the  government  of  the  diameter  of  the  pupil,  which  is  accomplished 
through  the  Third  pair ;  and  the  rolling  of  the  eyeball  beneath  the 
upper  lid  during  sleep,  as  well  as  in  the  efforts  of  sneezing,  coughing,  &c. 
But  irregular  movements  of  ihe  eyeballs,  which  must  be  referred  to  the 
same  group,  are  contmually  seen  to  accompany  various  abnormal  forms 
of  convulsive  action. 

493.  The  Portio  Dura  of  the  7th  pair,  or  Facial  Nerve,  containing 
about  4000  to  4500  nerve-fibres,  was  shown  by  Bell  to  be  a  motor 
nerve,  chiefly  distributed  to  the  muscles  of  the  face ;  it  has  hence  been 
termed  the  Nerve  of  expression.  In  its  passage  through  the  Aqueductus 
Fallopii,  it  presents  a  gangliform  enlargement,  which  is  connected  by  the 
N.  petrosus  superficialis  major  with  the  spheno-palatine  ganglion  of  the 
5th,  and  by  the  N.  petrosus  superficialis  minor  with  the  otic  ganglion.— 
By  these  branches  the  palatine  muscles  supplied  by  these  ganglia  re- 
ceive their  motor  power,  and  some  sensory  fibres  enter  the  facial,  thus 
accounting  for  its  sensibility  when  cut  at  its  exit  from  that  canal.  It 1S 
also  connected  with  the  tympanic  nerve  of  Jacobson  proceeding  from 
the  glosso-pharyngeal,  with  the  auricular  of  the  Pneumogastric,  and 
with  the  upper  cervical  nerves.  The  Portio  Dura,  besides  the  muscle 
of  the  face,  supplies  the  stapedius,  the  auricular,  occipital,  stylohyoid 

*  See  SchifT,  "  Physiologic,"  p.  376. 

t  Rosenthal,  "De  Nuraero  atque  Mensura  Microscop.  Fibrillarum,"  Breslau, 
X  "Journal  de  la  Physiologie,"  torn,  v.,  1862,  p.  272. 
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md  the  posterior  belly  of  the  digastric  muscles.  It  does  not  supply  the 
uuscles  of  mastication.  Its  chorda  tympani  branch  joins  the  lingual  of 
;lie  fifth,  and  has  been  shown  by  Bernard  to  be  the  nerve  by  which  the 
submaxillary  gland  is  excited  to  active  secretion,  while  another  branch 
s  distributed  to  the  parotid  (§  99). — Experimental  as  well  as  anatomical 
csearches  leave  no  doubt  that  the  Portio  Dura  is  the  general  motor 
lerve  of  the  face ;  ministering  to  the  influence  of  Volition  and  of 
Amotion,  and  also  being  the  channel  of  the  reflex  movements  concerned 
;  n  respiration,  as  of  other  automatic  actions  of  the  muscles. 

-194.  Although  the  functions  of  the  Olosso-Pharyngeal  nerve  have 
.•>een  heretofore  alluded-to  in  part,  several  questions  still  remain  to  be 
liseussed  in  regard  to  them.    Reasons  have  been  given  for  the  belief, 
hat  it  is  chiefly  an  afferent  nerve, — scarcely  having  any  direct  power  of 
xciting  muscular  contraction,  but  conveying  impressions  to  the  Medulla 

Fig.  173. 


The  distribution  of  the  Facial  Nerve,  and  the  branches  of  the  Cervical  plexus  :— 1.  The 
iacial  nerve,  escaping  from  the  stylo-mastoid  foramen,  and  crossing  the  ramus  of  the  lower 
jaw;  the  parotid  gland  has  been  removed  in  order  to  show  the  nerve  more  distinctly.  2. 
ine  posterior  auricular  branch  ;  the  digastric  and  stylo-mastoid  filaments  are  seen  near  the 
origin  ot  this  branch.  3.  Temporal  branches,  communicating  with  (4)  the  branches  of  the 
irontai  nerve.  5.  Facial  branches,  communicating  with  (6)  the  infra-orbital  nerve.  7.  Facial 
oranehes,  communicating  with  (8)  the  mental  nerve.  9.  Cervico-faoial  branches,  communi- 
cating vnth  no)  the  superficial  colli  nerve,  and  forming  a  plexus  (11)  over  the  submaxillary 
Uiana.  ihe  distribution  of  the  branches  of  the  facial  in  a  radiated  direction  over  the  side  of 
□e  tace,  constitutes  the  pes  anserinus.  12.  The  auricularis  magnus  nerve,  one  of  the  ascend- 
ng  branches  of  the  cervical  plexus.  13.  The  occipitalis  minor,  ascending  alongthe  posterior 
ooraer  ot  the  sterno-mastoid  muscle.  14.  The  superficial  and  deep  descending  branches  of  the 


cervical  plexus, 
of  the  trapeziu 
cervical  nerve. 


  15.  The  spinal  accessory  nerve,  giving-off  a  brancli  to  the  external  surface 

e  trapezius  muscle.  16.  The  occipitalis  major  nerve,  the  posterior  branch  of  the  second 


blongata,  which  produce  reflex  movements  of  the  motor  nerves  con- 
rned  in  deglutition  (§  86).*  This  view  of  its  function  was  deduced  by 
r-  J.  Reid  from  minute  anatomical  investigation,  and  from  a  large 

*  See  also  Vulpian,  "  Rev.  clcs  Cours  Scient.,"  t.  iii.  p.  754. 
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number  of  experiments.  Some  experimenters  assert,  that  they  have 
succeeded  in  exciting  direct  muscular  actions  through  its  trunk ;  but 
these  actions  seem  to  be  limited  to  the  stylo-pharyngei  and  palato-glossi 
muscles. — Much  controversy  has  taken  place  on  the  question,  whether 
this  nerve  is  to  be  regarded  as  ministering,  partly  or  exclusively,  to  the 
sense  of  Taste ;  and  many  high  authorities  have  ranged  themselves  on 
each  side.  The  question  involves  that  of  the  function  of  the  Lingual 
branch  of  the  5th  pair ;  and  it  is  partly  to  be  decided  by  the  anatomical 
relations  of  the  two  nerves  respectively.  The  Glosso-pharyngeal  is 
principally  distributed  on  the  mucous  surface  of  the  fauces,  and  on  the 
back  of  the  tongue ;  but  according  to  Valentin,  it  sends  a  branch 
forwards,  on  either  side,  somewhat  beneath  the  lateral  margin,  which 
supplies  the  edges  and  inferior  surface  of  the  tip  of  the  tongue,  and  in- 
osculates with  the  Lingual  branch  of  the  5th.  On  the  other  hand, 
the  upper  surface  of  the  front  of  the  tongue  is  supplied  by  this  Lingual 
branch.  The  experiments  of  Dr.  Alcock,  whose  conclusions  are 
borne-out  by  Dr.  J.  Reid,  decidedly  support  the  conclusion,  that  the 
gustative  sensibility  of  this  part  of  the  tongue  is  chiefly  due  to  the 
latter  nerve,  being  evidently  impaired  by  division  of  it.  On  the  other 
hand,  it  is  equally  certain,  that  the  sense  of  taste  is  not  destroyed  by 
section  of  the  Lingual  nerve  on  each  side;  and  it  seems  also  well 
ascertained,  that  it  is  impaired  by  section  of  the  Glosso-pharyngeal 
nerve. — The  pathological  evidence  bearing  upon  this  point  appears 
somewhat  contradictory.  Numerous  cases  have  been  recorded,*  in 
which  both  common  and  gustative  sensation  were  destroyed  in  the 
parts  of  the  tongue  supplied  by  the  5th  pair,  when  that  nerve  was 
paralyzed ;  in  some  of  these,  the  loss  of  the  sense  of  taste  appeared  to 
extend  itself  to  the  base  of  the  tongue,  but  then  there  was  evidence 
that  the  Glosso-pharyngeal  was  involved  in  the  paralysis.  On  the  other 
hand,  cases  of  paralysis  of  the  5th  pair  are  related  by  Mr.  Noble  and 
by  Vogt,f  in  which  common  sensation  was  lost,  whilst  the  sense  of 
taste  remained  in  the  same  parts ;  and  Mr.  Noble  relates  another  case,J 
in  which  there  was  loss  of  taste  without  impairment  of  common  sensa- 
tion. The  cases  of  Mr.  Noble  and  Vogt  would  seem  to  indicate  that 
the  5th  pair  does  not  minister  to  the  sense  of  Taste ;  but,  as  Dr.  J. 
Reid  has  justly  observed,  we  have  no  evidence  that  all  the  filaments  of 
the  5th  pair  sent  to  the  tongue  were  affected;  and  there  is  believed  to 
be  no  case  on  record,  in  which  the  whole  of  the  5th  pair,  or  of  its  3rd 
branch,  was  found  to  be  diseased  after  death,  and  in  which  during  life 
the  sense  of  Taste  had  been  retained  in  the  anterior  and  middle  parts  of 
the  tongue.  Hence  these  cases  only  serve  to  indicate  what  is  probable 
on  other  grounds;  viz.,  that  the  filaments  which  convey  gustative  im- 
pressions are  not  the  same  with  those  that  minister  to  common  sensa- 
tion.— On  the  whole,  then,  it  seems  to  be  proved  by  anatomical  and  ex- 
perimental evidence,  that  both  the  Glosso-pharyngeal  and  the  Fifth  pair 
minister  alike  to  the  tactile  and  to  the  gustative  sense ;  and  there  is 

*  See  especially  the  cases  recorded  by  Eomberg,  in  Muller's  "  Archiv,"  1838,  Heft 
iii. ;  Todd  and  Bowman,  in  "  Physiological  Anatomy,"  vol.  i.  p.  445;  and  mon, 
"  Med.-Chir.  Trans.,"  vol.  xxviii. 

+  "  Medical  Gazette,"  Oct.  25,  1834;  and  Muller's  "  Archiv,"  1840,  p.  it- 

X  "Medical  Gazette,"  Nov.  21,  1835. 
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lothing  in  the  pathological  facts  just 
:onclusion.  There  seems  good 
•eason  to  believe  the  Glosso-pha- 
.-jngeal  to  he  exclusively  the  nerve, 
hrough  which  the  impressions 
nade  by  disagreeable  substances 
aken  into  the  mouth  are  propa- 
■iited  to  the  Medulla  Oblongata,  so 
us  to  produce  nausea  and  to  excite 
ifforts  to  vomit.  The  number  of 
ibres  in  this  nerve  is  about  3500. 

495.  The  functions  of  the  Pneu- 
togastric  nerve  at  its  roots  have 
)een  made  the  subject  of  particular 
xamination    by   various  experi- 
menters ;  some  of  whom  (for  in- 
stance, Valentin,  Longet,  and  Mor- 
;anti)  have  concluded  that  it  there 
jossesses  no  motor  power,  but  is 
ntirely  a   sensory  or   rather  an 
I  fferent  nerve.    According  to  these, 
f  the  roots,  containing  about  4000 
mailer  and  5000  larger  tubules, 

e  carefully  separated  from  those  of 

!ie  Glosso-pharyngeal,  and  (which 

i  a  matter  of  some  difficulty)  from 
:  lose  of  the  Spinal  Accessory  nerve, 
t  nd  be  then  irritated,  no  movements 
I  f  the  organs  supplied  by  its  trunk 
han  be  observed:  whilst,  if  the  roots 
[  e  irritated  when  in  connection  with 

>e  nervous  centres,  muscular  con- 
i  -actions,  evidently  of  a  reflex  cha- 
i  xcter,  result  from  the  irritation ; 
I  nd  strong  evidence  of  their  sensi- 

ility  are  also  given.  It  has  been 
|  irther  asserted  that,  when  the  roots 
I  f  the  Spinal  Accessory  nerve  are 
j.  "ritated,  no  indications  of  sensation 
I re  given ;  but  that  the  muscular 

arts  supplied  by  the  Pneumogas- 
|:ic,  as  well  as  by  its  own  trunk, 
\  re  made  to  contract,  even  when 

ie  roots  are  separated  from  the 
i  vous  centres ;  so  that  these  roots 
1  mst  be  regarded  as  the  channel  of 
I  ie  motor  influence  transmitted  to 
l  iemfromthe  Medulla  Oblongata. 
I 'here  the  Pneumogastric  swells 
I  ito  the  jugular  ganglion,  an  inter- 
|  iange  of  fibres  takes  place  between 


noticed,  that  militates  against  this 


Fig.  174. 


Origin  and  distribution  of  the  Eighth  Pair  of 
nerves  : — 1,  3,  4.  The  Medulla  Oblongata.  1. 
The  Corpus  Pyramidale  of  one  side.  3.  The 
Corpus  Olivare.  4.  The  Corpus  Restiforme.  2. 
The  Pons  Varolii.  6.  The  Facial  nerve.  6.  The 
origin  of  the  Olosso-pharyngeal  nerve.  7.  The 
gang-lion  of  Andersch.  8.  The  trunk  of  the 
nerve.  9.  The  Spinal  Accessory  nerve.  10.  The 
gauglion  of  the  Pneumogastric  nerve.  11.  Its 
plexiform  ganglion.  12.  Its  trunk.  13.  Its  pha- 
ryngeal branch  forming  the  pharyngeal  plexus 
(14;  assistod  by  a  branch  from  the  glosBO-pha- 
ryngeal  (S)  ana  one  from  the  superior  laryngeal 
nerve  (15).  16.  Cardiac  branches.  17.  Recur- 
rent laryngeal  branch.  18.  Anterior  pulmonary 
branches.  19.  Posterior  pulmonary  branches. 
20.  (Esophageal  plexus.  21.  Gastric  branches. 
22.  Origin  of  the  8pinal  Accessory  nerve.  23. 
Its  branches  distributed  to  the  sterno-mastoid 
•  muscle.  24.  Itsbranches  to  the  trapezius  muscle. 
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it  and  the  Spinal  Accessory ;  and  it  seems  clear  that  the  pharyngeal 
branches,  which  are  among  the  most  decidedly  motor  of  all  those 
given-off  from   the   Pneumogastric,  may  in  great  part  be  traced 
backwards  into  the  Spinal  Accessory. — But,  on  the  other  hand,  an 
equally  numerous  and  trustworthy  set  of  experimenters  (among  whom 
may  be    mentioned  J.  Eeid,  Midler,    Volkmann,  Stilling,  Wagner, 
and  Bernard)    are  opposed  to  this  opinion ;    maintaining  that  the 
Pneumogastric  has  motor  roots  of  its  own ;  and  affirming  that  irri- 
tation of  the  roots  of  the  Spinal  Accessory  produces  little  or  no  effect 
on  the  muscles  supplied  by  the  trunk  of  the  Par  Vagum.    In  the 
careful  experiments  of  MM.  v.  Kempen  and  Thiernesse,*  the  causes 
of  these  discrepancies  have  been  elucidated,  for  they  have  shown 
that  if  irritation  be  applied  to  the  roots  of  either  the  Spinal  Accessory  or 
Pneumogastric  nerves,  contractions  occur  in  the  oesophagus,  in  the  con- 
strictor muscles  of  the  pharynx,  and  in  the  internal  muscles  of  the  larynx ; 
and,  in  addition,  when  the  Spinal  Accessory  roots  were  irritated,  in  the 
trapezius  and  sterno-mastoid  muscles.    If,  however,  the  roots  of  the 
Pneumogastric  nerves  be  divided,  and  irritation  be  again  applied  to  the 
roots  of  the  Spinal  Accessory,  no  movements  are  observed  except  in  the 
trapezius  and  sterno-mastoid  muscles.    Hence  it  would  appear  that  in  the 
former  instance,  the  oesophageal  and  laryngeal  movements  were  occasioned 
by  a  reflex  action  conveyed  to  the  Medulla  Oblongata  by  centripetal  or 
sensory  fibres  in  the  Spinal  Accessory,  and  reflected  down  to  the  muscles 
by  motor  fibres  in  the  Pneumogastric  nerves,  the  communication  between 
the  two  nerves  being  effected  by  a  chain  of  ganglionic  nerve-cells  in  the 
Medulla.    This  view  receives  strong  confirmation  from  another  series  of 
experiments  performed  by  M.  v.  Kempen,  who  found  that  if  the  supposed 
communication  in  the  Medulla  between  the  two  nerves  were  divided  by  a 
transverse  section  carried  between  their  respective  origins,  irritation  of 
the  posterior  cut  surface  of  the  Medulla  or  of  the  roots  of  the  Spinal 
Accessory  was  only  followed  by  movements  in  the  sterno-mastoid  and  tra- 
pezius muscles ;  whilst,  when  the  same  irritation  was  applied  to  the 
upper  extremity  of  the  Medulla  or  to  the  roots  of  the  Pneumogastric, 
contractions  occurred  in  the  muscles  of  the  pharynx  and  larynx.  Hence 
we  may  conclude  that  the  Pneumogastric  itself  contains  the  motor  fibres 
which  act  on  the  muscles  of  the  pharynx,  oesophagus,  and  larynx;  although 
it  probably  receives  additional  motor  fibres  from  the  Spinal  Accessory, 
and  supplies  that  nerve  with  afferent  fibres. 

496.  There  can  be  no  doubt  that  the  ti-unJc  of  the  Pneumogastric  is 
to  be  considered  as  a  nerve  of  double  endowments  ;  although  it  is  cer- 
tain that  these  endowments  are  very  differently  distributed  amongst  its 
branches.  That  the  nerve  is  capable  of  conveying  those  impressions 
which  become  sensations  Avhen  communicated  to  the  sensorium,  is  ex- 
perimentally proved  by  the  fact,  that,  when  its  trunk  is  pinched,  the 
animal  gives  signs  of  acute  pain  :  but  it  is  also  evident  from  the  painful 
consciousness  we  occasionally  have,  of  an  abnormal  condition  of  the  organs 
which  it  supplies.  Thus,  the  suspension  of  the  respiratory  movements 
gives  rise  to  a  feeling  of  the  greatest  uneasiness,  which  must  be  excite 
by  impressions  conveyed  through  this  nerve  from  the  lungs;  and  an 
inflamed  state  of  the  walls  of  the  air-passages  causes  the  contact  of  col 
*  "Bulletin  de  l'Acad.  Roy.  de  MeU  de  Belgique,"  1863,  torn.  xvi.  p.  184. 
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ind  dry  air  to  produce  distressing  pain  and  irritation :  yet  of  the  ordi- 
lary  impressions  conveyed  from  these  organs,  which  are  concerned  in 
oroducing  the  respiratory  movements,  and  in  regulating  the  actions  of 
lie  glottis,  we  are  not  conscious.  The  same  may  be  said  of  the  portion 
)f  the  nerve  distributed  upon  the  alimentary  tube  :  for  the  pharyngeal 
►ranches  are  almost  exclusively  motor,  the  afferent  function  being  per- 
brmed  by  the  glosso-pharyngeal ;  whilst  the  oesophageal  and  gastric  are 
^oth  afferent  and  motor,  conveying  impressions  which  excite  reflex 
.■ovements  in  the  muscles  of  those  parts,  but  which  do  not  become  sen- 
ations  except  under  extraordinary  circumstances. — The  participation  of 
his  nerve  in  the  operations  of  Deglutition,  Digestion,  Circulation,  and 
lespiration,  and  the  effects  of  injury  to  its  trunk  or  branches,  have 
[already  been  considered  in  the  account  of  those  functions.* 

497.  In  regard  to  the  functions  of  the  Spinal  Accessory  nerve,  also, 
here  has  been  great  difference  of  opinion ;  the  peculiarity  of  its  origin 
nd  course  having  led  to  the  belief,  that  some  very  especial  purpose  is 
nswered  by  it.    It  may  be  said  to  have  three  roots  of  origin  (Lockhart 
Ilarke),  one  from  the  anterior  grey  substance  of  the  Spinal  Cord,  a 
icond  from  the  nucleus  of  the  Hypoglossal  nerve,  and  a  third  from  the 
-act  of  vesicular  substance  in  the  Medulla  Oblongata,  common  to  it  and 
le  Vagus  nerve.    The  trunk  contains  from  2000  to  2500  tubules.  The 
redominance  of  motor  fibres  in  its  roots,  its  inosculation  with  the 
neumogastric,  and  its  probable  reception  of  sensory  fibres  from  the 
.  itter,  whilst  impartingto  it  motor  filaments,  have  been  already  referred-to 
;  495).    As  its  trunk  passes  through  the  foramen  lacerum,  it  divides  into 
vo  branches ;  of  which  the  internal,  after  giving-off  some  filaments  that 
past  in  forming  the  pharyngeal  branch  of  the  Pneumogastric,  becomes 
orporated  with  the  trunk  of  that  nerve ;  whilst  the  external  proceeds 
itwards,  and  is  finally  distributed  to  the  sterno-mastoid  and  trapezius 
It  uscles,  some  of  its  filaments  inosculating  with  those  of  the  cervical 
exus.    When  the  external  branch  is  irritated,  before  it  perforates 
V  e  sterno-mastoid  muscle,  vigorous  convulsive  movements  of  that 
fc  uscle  and  of  the  trapezius  are  produced ;  and  the  animal  does  not  give 
l  iy  signs  of  pain,  unless  the  nerve  be  firmly  compressed  between  the 
I  rceps,  or  be  included  in  a  tight  ligature.    Hence  it  may  be  inferred 
1  at  the  functions  of  this  nerve  are  chiefly  motor,  and  that  its  sensory 
luments  are  few  in  number.    Further,  when  the  nerve  has  been  cut- 
I  ross,  or  firmly  tied,  irritation  of  the  lower  end  is  attended  by  the  same 
I  nvulsive  movements  of  the  muscles :  whilst  irritation  of  the  upper  end  in 
I  nnection  with  the  spinal  cord,  after  section  of  the  Pneumogastric  Nerves 
r  495),  is  unattended  with  any  muscular  movement.    Hence  it  is  clear 
tat  the  motions  in  the  sterno-mastoid  and  trapezius  muscles,  occasioned 
irritating  it,  are  of  a  direct,  not  of  a  reflex  character ;  though  the 
I  )vements  which  occur  in  the  larnygeal  and  pharyngeal  muscles,  on 
I  'itation  of  the  centric  extremity,  are  unquestionably  reflex  in  their 
[  ture. — According  to  Sir  C.  Bell,  the  Spinal  Accessory  is  a  purely 
I  ^juratory  nerve,  whose  office  it  is  to  excite  the  involuntary  or  auto- 
i  -tic  movements  of  the  muscles  it  supplies,  which  share  in  the  act  of 

B  or  observations  on  the  function  of  the  Pneumogastric  Nerve  as  a  coordinator  for  the 
I  scalar  movements  occurring  in  swallowing,  sec  Chauveau  "  Journal  de  la  Physiol.," 
I  >•  v.  pp.  190  and  323 ;  and  for  a  very  careful  inquiry  into  the  effects  of  section  of 
»  nerve  in  producing  pulmonary  lesions,  sec  Bodtlart  in  idem,  pp.  442  and  527. 
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respiration ;  and  he  states  that  the  division  of  it  paralyzes,  as  muscles  of 
respiration,  the  muscles  to  which  it  is  distributed  ;  though  they  still  per- 
form the  voluntary  movements,  through  the  medium  of  the  spinal  nerves. 
Both  Valentin  and  Dr.  J.  Reid,  however,  positively  deny  that  this  is  the 
case ;  and  Dr.  Reid's  method  of  experimenting  was  well  adapted  to  test 
the  truth  of  the  assertion.*  The  functions  of  this  nerve  have  been  made 
the  subject  of  special  examination  by  M.  CI.  Bernard  ;f  who  has  arrived 
at  the  conclusion  that  the  Spinal  Accessory  is  essentially  a  motor  nerve, 
whose  action  is  not  exclusively  requisite  for  the  ordinary  movements  of 
respiration,  these  being  provided-for  by  the  Pneumogastric  and  ordinary 
Spinal  nerves  ;  but  that  its  special  function  is  to  bring  the  respiratory 
movements  into  accordance  with  the  requirements  of  Animal  life,  adapting 
the  actions  of  the  muscles  of  the  larynx  and  thorax  to  the  production  of 
voice,  or  to  general  muscular  effort.  The  internal  branch,  which  is 
specially  distributed,  with  the  fibres  of  the  Pneumogastric,  to  the  pharynx 
and  larynx,  is  peculiarly  subservient  to  the  former  of  these  purposes ; 
and  the  external  to  the  latter.  This  conclusion  is  sufficiently  in  accor- 
dance with  the  results  obtained  by  other  experimenters,  to  be  received 
as  a  probable  explanation  of  the  facts  which  have  been  observed 
by  them. 

498.  The  Hypoglossal  nerve,  or  Motor  Lingua?,  is  the  only  one  which, 
in  the  regular  order,  now  remains  to  be  considered.  This  nerve  con- 
tains from  4500  to  5000  nerve-fibres.,  That  the  distribution  of  this 
nerve  is  restricted  to  the  muscles  of  the  tongue,  is  a  point  very  easily 
established  by  anatomical  research ;  and  accordingly  we  find  that,  long 
before  the  time  of  Sir  C.  Bell,  Willis  had  spoken  of  it  as  the  nerve  of  the 
motions  of  articulation,  whilst  to  the  Lingual  branch  of  the  5th  pair  he 
attributed  the  power  of  exercising  the  sense  of  taste  ;  and  he  distinctly 
stated,  that  the  reason  of  this  organ  being  supplied  with  two  nerves,  is 
its  double  function.  The  inference  that  it  is  chiefly,  if  not  entirely  a 
motor  nerve,  which  has  been  founded  upon  its  anatomical  distribution, 
is  supported  also  by  the  nature  of  its  origin,  Avhich  is  usually  from  a 
single  root,  corresponding  to  the  anterior  root  of  the  Spinal  nerves. 
Experiment  shows  that  when  the  trunk  of  the  nerve  is  stretched, 
pinched,  or  galvanized,  violent  motions  of  the  whole  tongue,  even  to  its 
tip,  are  occasioned;  and  also  that  similar  movements  take  place  after 
division  of  the  nerve,  when  the  cut  end  most  distant  from  the  brain  is 
irritated.  In  regard  to  the  degree  in  which  this  nerve  possesses  sensory 
properties,  there  is  some  difference  of  opinion  among  physiologists, 
founded,  as  it  would  seem,  on  a  variation  in  this  respect  between  dif 
ferent  animals.  Indications  of  pain  are  usually  given  when  the  tin 
is  irritated  after  its  exit  from  the  cranium ;  but  these  may  procee 
from  its  free  anastomosis  with  the  cervical  nerves,  which  not  improbabl 
impart  sensory  fibres  to  it.    But  in  some  Mammalia,  the  hypoglos 

*  See  his  "  Physiol.,  Pathol.,  and  Anat.  Kesearches,"  p.  151 ;  and  "  Edin.  Med.  an 
Surg.  Jonrn.,''  Jan.  1838 


+  '  Kecherches  Experimentales  sur  les  Functions  du  Nerf  Spinal,'  in  "Archives  a 


Sohiff  think  the  Spinal  Accessory  ministers  to  both  the  ordinary  respiratory  ami 
the  phonetic  movements  of  the  larynx. 
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nerve  has  been  found  to  possess  a  small  posterior  root  with  a  ganglion ; 
this  is  the  case  in  the  Ox  and  Cat,  and  also  in  the  Rabbit ;  and  in  the 
latter  animal,  Valentin  states  that  the  two  trunks  pass  out  from  the 
cranium  through  separate  orifices,  and  that,  after  their  exit,  one  may  be 
shown  to  be  sensory,  and  the  other  to  bo  motor.  Hence,  this  nerve, 
which  is  the  lowest  of  those  that  originate  in  the  cephalic  prolongation 
of  the  spinal  cord  generally  known  as  the  Medulla  Oblongata,  ap- 
proaches very  closely  in  some  animals  to  the  regular  type  of  the  spinal 
nerves  ;  and  though  in  Man  it  still  manifests  an  irregularity,  in  having 
only  a  single  root,  yet  this  irregularity  is  often  shared  by  the  first  cer- 
vical nerve,  which  also  has  sometimes  an  anterior  root  only.* — The 
Hypoglossal  nerve  is  distributed  not  merely  to  the  tongue,  but  to  the 
muscles  of  the  neck  which  are  concerned  in  the  movements  of  the 
larynx ;  and  the  purpose  of  this  distribution  is  probably  to  associate 
them  in  those  actions  which  are  necessary  for  articulate  speech. 
Though  all  the  motions  of  the  tongue  are  performed  through  the 
medium  of  this  nerve,  yet  it  would  appear,  from  pathological  pheno- 
mena, to  have  at  least  two  distinct  connections  with  the  nervous  centres  ; 
for  in  many  cases  of  paralysis,  the  masticatory  movements  of  the  tongue 
are  but  little  affected,  when  the  power  of  articulation  is  much  injured 
or  totally  destroyed ;  and  the  converse  may  be  occasionally  noticed. 
When  this  nerve  is  paralyzed  on  one  side,  in  hemiplegia,  it  will  be  gene- 
rally observed  that  the  tongue,  when  the  patient  is  directed  to  put  it  out, 
is  projected  towards  the  palsied  side  of  the  face  :  this  is  due  to  the  want 
of  action  of  the  lingual  muscles  of  that  side,  which  do  not  aid  in  pushing- 
forward  the  tip ;  the  point  is  consequently  directed  only  by  the  muscles 
of  the  other  side,  which  will  not  act  in  a  straight  direction,  when  unan- 
tagonized  by  their  fellows.  It  is  a  curious  fact,  however,  that  the 
Hypoglossal  nerve  seems  not  to  be  always  palsied  on  the  same  side  with 
the  Facial,  but  sometimes  on  the  other.  This  has  been  suggested  to  be 
due  to  the  origination  of  the  roots  of  this  nerve  from  near  the  point  at 
which  the  pyramids  of  the  medulla  oblongata  decussate,  so  that  some 
of  its  fibres  come-off,  like  those  of  the  spinal  nerves,  without  crossing, 
whilst  others  are  transmitted  to  the  opposite  side,  like  those  of  the 
higher  cephalic  nerves ;  and  the  cause  of  paralysis  may  affect  one  or 
other  of  these  sets  more  particularly.  Whatever  may  be  the  validity 
"t  this  explanation,  the  circumstance  is  an  interesting  one  and  well 
worthy  of  attention.  | 

lfJ9.  The  general  homology  of  the  Cephalic  nerves,  considered  with 
reference  to  the  ordinary  Spinal,  constitutes  a  study  of  much  interest. 
It  appears,  from  what  has  been  already  stated,  that  the  Pneumogastric, 
spinal  Accessory,  Glosso-pharyngeal,  and  Hypoglossal  nerves,  may  be 
considered  nearly  in  the  light  of  ordinary  Spinal  nerves.  They  all 
:ake  their  origin  exclusively  in  the  Medulla  Oblongata  ;  and  the  want 

*  See  Vulpian's  '  Essay  on  the  Posterior  or  Ganglionic  Root  of  the  Hypoglossal 
i«VB  in  various  Animals,'  "Journal  de  la  Physiologie,"  1862,  p.  5. 

T  It  may  be  questioned,  however,  whether  the  Hypoglossal  is  really  paralyzed  on  the 
Ppowte  side  from  the  Facial  in  such  cases.    An  instance  has  been  communicated  to 
Author  bv  Dr.  W.  Budd,  in  which  the  hypoglossal  nerve  was  completely  divided 
1  one  Hide ;  and  yet  the  tip  of  the  tongue,  when  the  patient  was  desired  to  put  it  out, 
jw  Sometimes  directed/row  and  sometimes  towards  the  palsied  side  ;  showing  that 
muscles  of  either  half  are  sufficient  to  give  any  required  direction  to  the  whole. 
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of  correspondence  in  position  between  their  roots  and  those  of  the  Spinal 
nerves,  is  readily  accounted  for,  by  the  alteration  in  the  direction  of  the 
columns  of  the  Spinal  cord,  which  not  only  decussate  laterally,  but  as 
it  were,  antero-posteriorly  (§  489).    The  Hypoglossal,  as  just  stated,  not 
unfrequently  possesses  a  sensory  in  addition  to  its  motor  root.  The 
Glosso-pharyngeal,  which  is  principally  an  afferent  nerve,  has  a  small 
motor  root ;  but  most  of  the  motor  fibres  which  answer  to  it  are  to  be 
found  in  the  Pneumogastric.     That  the  Pneumogastric  and  Spinal 
Accessory  together  represent  a  Spinal  nerve,  may  be  regarded  as  pro- 
bable from  what  has  been  already  said  of  their  relations. — Leaving 
these  nerves  out  of  the  question,  therefore,  we  proceed  to  the  rest. 
Comparative  anatomy,  and  the  study  of  Embryonic  development,  alike 
show  that  the  Spinal  Cord  and  Medulla  Oblongata  constitute  the  most 
essential  part  of  the  nervous  system  in  Vertebrata ;    and  that  the 
Cerebral  Hemispheres  are  superadded,  as  it  were,  to  this.    At  an  early 
period  of  development,  the  Encephalon  consists  chiefly  of  four  vesicles, 
Avhich  correspond  with  the  ganglionic  enlargements  of  the  nervous  cord 
of  the  Articulata,  and  mark  four  divisions  of  the  Cerebro- Spinal  axis; 
and,  in  accordance  with  this  view,  the  Osteologist  is  able  to  trace,  in  the 
bones  of  the  cranium,  elements  which  present  an  analogy  to  those  that 
would  form  four  vertebra?,  in  a  much  expanded  and  altered  condition. 
The  four  pairs  of  nerves  of  special  sensation, — Auditory,  Gustatory, 
Optic,  and  Olfactory, — make  their  way  out  through  these  four  cranial 
vertebras  respectively.    At  a  later  period  of  development  other  nerves 
are  interposed  between  these ;  which,  being  intervertebral,  are  evidently 
more  analogous  to  the  Spinal  nerves,  both  in  situation  and  function.  A 
separation  of  the  primitive  fibres  of  these  take  place,  however,  during 
the  progress  of  development,  so  that  their  distribution  appears  irregular. 
Thus  the  greater  part  of  the  sensory  fibres  are  contained  in  the  large 
division  of  the  Trigeminus ;  whilst  of  the  motor  fibres,  the  anterior  set 
chiefly  pass  forwards  as  the  Oculo-motor  and  Patheticus ;  and  of  the 
posterior,  some  form  the  small  division  of  the  Trigeminus,  and  others 
unite  with  the  first  pair  from  the  Medulla  Oblongata  to  form  the  Facial. 
This  last  fact  explains  the  close  union  which  is  found  in  Fishes  .and  some 
Amphibia,  between  that  nerve  and  those  proceeding  more  directly  from 
the  Medulla  Oblongata.    According  to  Valentin,  the  Glosso-pharyngeal 
is  the  sensory  portion  of  the  first  pair  from  the  Medulla  Oblongata,  of 
which  the  motor  part  is  chiefly  comprehended  in  the  Facial  nerve. 
Although  we  are  accustomed  to  consider  the  Fifth  pair  as  par  eminence 
the  Spinal  nerve  of  the  head,  the  foregoing  statements,  founded  upon 
the  history  of  development,*  show  that  the  nerves  of  the  Orbit  reall 
belong  to  its  motor  portion ;  they  may  consequently  be  regarded  a 
altogether  forming  the  first  of  the  intervertebral  nerves  of  the  cranium 
The  Facial  and  Glosso-pharyngeal  appear  to  constitute  the  second, 
whilst  the  Par  Vagum  and  Spinal  Accessory,  forming  the  third :  pan- 
intervene  between  this  and  the  two  Spinal,  of  which  the  Hypoglossa 
be  considered  as  the  first. 

500.  Functions  of  the  Spinal  Axis. — In  considering  the  functions 

*  On  tins  point,  as  well  as  on  the  functions  of  the  Cephalic  nerves  general'{^°p 
Prof.  Valentin,  "  De  Functionibus  Nervorum  Cerobralium  ct  Nervi  Sympar 
Bernse,  1839. 
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Spinal  Cord,  we  have  to  regard  it  under  two  aspects ;— in  the  first  place, 
as  a  conductor  of  nervous  force  between  the  Nerve-trunks  and  the  Ence- 
phalic centres ; — and  in  the  second  place,  as  itself  an  independent  centre 
of  nervous  power.    As  a  mere  conductor  of  nervous  force,  its  functions 
are  the  same  as  those  of  a  nerve-trunk  :*  for  if  it  be  divided,  all  the  parts 
of  the  body  which  are  solely  supplied  by  nerves  coming-off  below  the 
point  of  section  are  completely  paralyzed,  as  far  as  regards  sensibility 
and  voluntary  movement ;  no  impressions  made  upon  them  having  the 
'east  power  to  affect  the  consciousness,  and  no  exertion  of  the  will  being 
nble  to  determine  contraction  of  their  muscles.    This  state  of  paraplegia, 
which  may  be  experimentally  induced  in  animals,  is  frequently  exhibited 
n  Man  as  a  result  of  injury  or  of  disease  which  seriously  implicates  the 
5pinal  Cord ;  and  as  it  has  been  shown  that  among  the  lower  animals 
womplete  reunion  of  the  Cord  may  take  place  after  complete  division,  as 
mlicated  by  the  entire  restoration  of  its  functional  powers  and  the  com- 
pete redintegration  of  its  structure, \  so  have  we  reason  to  believe  that  a 
imilar  regeneration  may  take  place  to  a  considerable  extent  in  Man, 
his  being  marked  by  the  gradual  return  of  sensibility  and  power  of 
;  oluntary  movement  in  the  lower  limbs  which  had  been  at  first  com- 
Ittletely  paralyzed.    This  regeneration  is  of  course  less  likely  to  occur  in 
leases  of  disease,  when  the  parts  around  are  in  an  unhealthy  state,  than 
I 'hen  the  paralysis  is  due  to  injury,  which  all  the  restorative  powers  of 
I  le  system  are  engaged  in  repairing  ;  but  it  is  to  be  remembered,  that 
I  s  the  injuries  which  are  likely  to  cause  such  lesions  of  the  Cord  are 
iiearly  always  attended  with  severe  concussion  (it  being  very  rare  for  the 
k:ord  to  be  accidentally  wounded  by  the  penetration  of  a  sharp  instru- 
ment between  the  vertebras,  in  the  mode  in  which  experiments  are  made 
I  oonanimals),  some  of  their  first  effects  are  attributable  to  the  shock  which 
I  has  sustained ;  so  that  the  partial  recovery  which  takes-place  at  an 
|:trly  period,  must  not  be  regarded  as  the  result  of  regeneration  of 
i  t  )rvous  tissue,  which  requires  a  much  longer  time  for  its  completion. — 
\  he  conducting  power  of  the  entire  Spinal  Cord  being  thus  established, 
I  ?  have  next  to  inquire  whether  any  difference  in  endowment  can  be 
i  own  to  exist  in  its  several  columns. 

;  I  501.  The  Spinal  Cord  considered  as  a  Conductor  of  Sensory  Impres- 
I  >ns. — The  accuracy  of  the  description  given  by  Mr.  Lockhart  Clarke 
I  483)  of  the  course  pursued  by  the  fibres  of  the  posterior  roots  of  the 
I  inal  nerves,  has  been  materially  corroborated  by  the  experiments  of 
Brown-Sequard,:};  v.  Deen,  Schiff,  H.  Sanders,§  and  many  other 
i  ysiologists.    Considerable  differences  of  opinion,  however,  still  exist 
various  points,  which  require  to  be  cleared-up  by  future  investigation, 
■cording  to  M.  Brown-Sequard,  all  the  fibres  of  the  posterior  roots, 
I  her  immediately  or  after  a  short  ascending  or  descending  course,  cross 

I  :  Valentin  ("  Die  Zuckungsgesetze  des  lebenden  Nerven  und  Muskels,"  1863, 
I  86,)  observes  that  the  whole  Spinal  Cord  bebaves  like  a  large  nerve  on  applying 
itncal  stimulation  to  it,  though  its  irritability  is  very  rapidly  exhausted. 
See  the  admirable  researches  of  M.  Brown-Sequard,  in  "  Gazette  Medicale,"  1849, 
I  45,  and  1850,  No.  30;  also  the  "  Comptes  Rendus  de  la  Society  de  Biologie." 
1*1  9,1850. 

I  "Central  Nervous  System,"  I860. 

I  Sanders'  Experiments  (see  Henle  and  Meissner's  "  Bericht,"  1865,  p.  434)  for 
I  most  part  confirm  those  of  Schiff. 
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the  median  line,  and  enter  the  grey  substance  of  the  opposite  side  in 
which  they  ascend  to  the  Medulla  Oblongata  (see  p  r,  Fig.  175), 
As  a  consequence  of  this,  if  a  section  be  made  through  one  half  of  the 
Cord  (as  at  3),  it  follows  that  whilst  the  sensibility  of  that  side  of  the 
body  which  corresponds  to  the  section  will  remain  perfect,  that  of  the 
opposite  side  will  be  wholly  destroyed  ;  or  if,  as  occasionally  happens 
some  indications  of  sensibility  still  persist,  they  are  attributable  only  to 
the  pain  occasioned  by  reflex  muscular  convulsions  on  that  side.*  And 
again,  it  is  obvious  that  if  a  longitudinal  section  of  the  Cord  be  made 
dividing  it  into  two  lateral  halves,  sensibility  will  be  totally  extinguished 
on  both  sides  of  the  body  ;  for  such  a  section  would  obviously  divide  all 
the  sensory  nerves  entering  the  Cord,  as  they  all  decussate  in  the  median 
line.    According  to  M.  Brown-Sequard,  this  is  actually  the  result  ob- 
tained. Other  observers,  however,  as  Ore,f  Longet,|  and  Schiff,§  though 
admitting  there  is  great  diminution  of  sensibility  after  a  longitudinal 
division  of  the  Cord,  yet  maintain  that  distinct  evidence  of  the  conduc- 
tion of  sensory  impressions  may  still  be  obtained  ;  and  it  seems  probable 
from  their  experiments,  that  some  few  fibres  may  ascend  in  the  grey 
substance,  or  in  the  posterior  white  columns  of  their  own  side.  Perhaps 
the  discrepancies  in  the  results  of  the  operation  are  due  to  different 
animals   having  been   employed  for    experiment ;    for  M.  Brovra- 
S^quard  has  himself  observed  that  the  decussation  of  the  sensory  fibres 
is  neither  so  complete  nor  immediate  in  Reptiles  and  Birds  as  in  Mam- 
mals, and  that  it  does  not  seem  to  be-  so  perfect  in  the  lumbar  as  in 
the  dorsal  region. ||    There  can  be  little  doubt  that  the  grey  substance  is 
essentially  the  channel  through  which  sensory  impressions  are  conducted 
upwards ;  for  if  the  anterior,  posterior,  and  antero-lateral  columns  are 
divided  as  completely  as  possible,  the  grey  substance  remaining  uninjured, 
the  sensibility  of  the  parts  below  the  section  continues  perfect,  or  nearly 
so      whilst,  however  carefully  the  white  columns  are  preserved  from 
injury,  if  the  grey  substance  be  divided,  sensibility  is  almost  totally 
extinguished.    It  is  remarkable,  however,  that  the  smallest  longitudinal 
column  or  transverse  layer  of  the  grey  substance  remaining  perfect  may 
serve,  to  a  certain  limited  extent,  as  the  means  of  conduction  for  either 
side.    The  central  portions  of  the  grey  substance  are,  as  M.  Brown- 
Sequard  has  shown,  the  most  effective  in  the  transmission  of  sensations; 
much  more  so,  at  all  events,  than  either  the  anterior  or  posterior  cornua. 
The  circumstance  that  if  the  posterior  white  columns  be  divided,  the 
surface  of  the  caudal  segment  of  the  cord  is  as  sensitive  or  even  mor 
sensitive  than  that  of  the  cephalic  segment,  is  explained  by  M.  Brown 
Sequard  on  the  ground  that  some  of  the  sensory  fibres  of  the  posteno 
roots  descend  for  a  little  way  in  these  columns  before  crossing  to  th 
opposite  side ;  whilst  Schiff  attributes  it  to  the  power  he  believes  th 
grey  substance  (some  of  which  must  always  be  exposed  in  such  sections 
to  possess  of  conducting  in  any  direction,  laterally  as  well  as  longi 

*  Op.  cit.,  p.  35. 

f  "  Comptes  Rendus,"  torn,  xxxviii.  1854,  p.  930  ;  "  Comptes  Rendus  de  la  bocie 
de  Biologie,"  v.  p.  302.  .      <ocn  , 

+  "  Physiologie,''  1860,  vol.  ii.  p.  373.  §  "  Physiologie,'  1859,  p.  U*- 

||  Op.  cit.,  p.  37.  1Q1 
%  Schiff,  Op.  cit.,  p.  241,  and  Guttmann,  Reichert's  "  Arclnv,    1866,  p. 
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Fig.  175. 


Diagram  showing  the  course  of  Motor 
and  Sensory  Fibres  in  the  Spinal  Cord 
and  Medulla  Oblongata. 


tudinally.    M.  Brown-Sequard*  has,  however,  adduced  very  strong 
3vidence  in  favour  of  there  being  fixed  channels  for  the  conduction  of 
sensory  impressions,  the  presence  of  some  of  which  cannot  compensate 
for  the  absence  of  others;  indeed,  he 
naintains  that  there  are  special  conduc- 
tors in  the  Spinal  Cord  for  the  sensations 
if  touch,  pain,  tickling,  temperature,  and 
nuscular  contraction,  none  of  which  can 
onvey  other  sensations  than  their  own, 
Lnd  he  considers  that  clinical  facts  de- 
lonstrate  that  each  of  these  five  species 
[  f  sensibility  occupies  a  distinct  part  of 
Lhe  Spinal  Cord ;  that  at  the  upper  part 
If  the  cervical  portion  of  the  Spinal  Cord, 
I  ie  four  first-named  species  of  conductors 
I  )ming  from  the  inferior  extremities  and 
\:  great  part  of  the  trunk  form  a  group 
I  laced  behind  a  similar  group  proceeding 
!  |;om  the  thoracic  members,  and  that  these 
I'rm   a  complete    decussation   in  the 
uloinal  Cord.     On  the  other  hand,  the 
;|  .nductors  ministering  to  the  muscular  sense,  like  those  which  convey 
pi  e  mandates  of  the  will  to  the  muscle,  do  not  decussate  at  all  in 
I  e  Cord.    Notwithstanding  its  singular  power  of  conducting  sensory 
fctupressions,  numerous  experiments  by  v.  Deen  and  others  have  shown 
||<  at  the  grey  substance  of  the  Spinal  Cord  is  itself  insensible  ;  a  pecu- 
I  rity  which  Schifff  has  expressed  by  terming  it  the  4  assthesodic'J  sub- 
.1  ince.    The  slight  amount  of  sensibility  which  persists  when  the  grey 
•Substance  is  wholly  destroyed  at  any  point,  may  perhaps  be  due,  as 
j  I  aiff  §  maintains,  to  the  passage  of  some  sensory  fibres  in  the  posterior 
rl  limns;  though,  if  this  be  true,  they  only  consist  of.  the  fibres  belonging 
I  their  own  side  of  the  body  :  or  it  may  be  due,  as  M.  Brown-Sequard 
to  intains,||  to  the  passage  of  a  few  fibres  in  the  anterior  and  antero-lateral 
|  ite  columns,  derived  from  the  opposite  side  of  the  body. — Avery 
larkable  result  of  section  of  one  half  of  the  Spinal  Cord  is  that,  besides 
anaesthesia  which  is  established  on  the  opposite  side  of  the  body, 
re  is  produced  a  state  of  exalted  sensibility  or  hyperesthesia  on  the 
ie  side.^f     This  condition,  made  apparent  by  the  cries  of  the  animal 
the  slightest  pricking  or  pinching  of  the  skin,  begins  to  appear  a  few 
'.rs  after  the  operation,  rapidly  attains  its  full  intensity,  and  continues 
)e  well  marked  for  from  17  to  22  days  in  dogs,  and  from  12  to  16 
s  in  cats ;  after  which,  according  to  SchifF,**  it  gradually  decreases, 
il  at  length  the  sensibility  falls  below  its  normal  acuteness.  M. 
wn-S^quard  has  however  observed  it  to  persist  in  guinea-pigs,  though 
in  a  very  high  degree  of  intensity,  for  many  months  after  the  opera- 
See  his  "Journal  de  Physiologie,"  1863-1865,  vol.  vi.  p.  121,232,581,  and 
Aives  de  Physiol.,"  1868,  p.  610. 

^P-  cit.,  p  247.  %  From  alaOrjaig,  sensation,  and  6S6q,  a  path. 

Up.  cit.,  p.  252.  ||  Op.  cit.,  p.  23. 

bee  Brown-Sequard,  "  Central  Nervous  System,"  1860,  p.  19. 
;  Op.  cit.,  p.  275. 
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tion.  The  cause  of  tins  phenomenon  has  not  been  accurately  deter- 
mined. It  is  certainly  accompanied  by  an  increased  flow  of  blood  and 
increased  tempez-ature  of  the  parts  to  which  the  nerves  are  distributed 
and  hence  M.  Brown-Sequard  seems  to  regard  it  as  having  a  peripheric 
origin ;  whilst  Schiff  considers  it  rather  as  the  result  of  irritation  (as 
from  the  inflammatory  process)  occurring  at  the  seat  of  injury  ;  the  latter 
view  is  supported  by  the  observation  of  Chauveau,  that  it  will  sometimes 
ensue  in  cases  when  the  vertebral  canal  has  merely  been  opened,  appa- 
rently as  a  consequence  of  the  exposure  and  pressure  of  the  Cord  against 
the  edges  of  the  wound  ;  and  also  by  that  of  Tlirck,  that  hyperesthesia 
may  sometimes  be  observed  in  frogs  on  the  same  side  of  the  body  above 
the  section.  Hyperesthesia  may  also  be  produced  by  section  of  the 
anterior  or  posterior  columns  alone.* 

502.  The  Cord  as  a  Conductor  of  Motor  Impulses. — However  difficult 
it  may  be  to  determine  the  exact  channels  by  which  sensory  impressions 
are  conveyed  through  the  Spinal  Cord,  the  present  inquiry  seems  to  be 
beset  with  still  greater  uncertainty.  From  the  experiments  of  Brown- 
Sequard,  it  appears  that  the  posterior  white  columns  at  least  take  no  part 
in  the  transmission  of  such  impulses  ;  for  if  these  be  divided  transversely 
in  the  dorsal  region,  no  perceptible  diminution  of  voluntary  motion  occurs; 
whilst  if  the  whole  Spinal  Cord  is  divided  with  the  exception  of  these 
columns,  the  power  of  voluntary  movement  appears  to  be  completely 
abolished.  The  results  obtained  by  various  experimenters  show  that  the 
anterior  and  antero-lateral  columns  contain  motor  tracts,  as  was  originally 
held  by  Sir  Charles  Bell ;  for  if  all  the  grey  substance  and  the  posterior 
columns  be  divided,  the  animal  can  still  perform  voluntary  movements ; 
whilst  if  at  a  higher  level  the  anterior  columns  alone  be  also  severed, 
leaving  the  remaining  portions  of  the  Cord  untouched,  movement  is  wholly 
lost.  If,  however,  in  the  lower  section  the  anterior  cornua  of  the  grey  sub- 
stance be  left,  and  the  section  above  be  again  made  only  through  the  whi 
anterior  columns,  movements  can  still  be  spontaneously  executed.  J  Con- 
siderable differences,  however,  undoubtedly  exist  in  the  position  of  th 
motor  tracts  in  different  parts  of  the  Spinal  Cord ;  and  M.  Brown-Sequard 
concludes  from  his  numerous  experiments  on  the  effects  of  section,  tha 
whilst,  in  the  dorsal  region,  all  parts  of  the  Spinal  Cord  except  the  poste 
rior  columns  are  employed  in  the  conveyance  of  the  orders  of  the  Wil 
to  the  muscles,  in  the  upper  part  of  the  cervical  region  most  of  these  con-i 
ductors  are  in  the  lateral  columns,  and  in  the  grey  substance  between  thesd 
and  the  anterior  columns,  the  latter  here  having  little  share  in  the  trans 
mission  of  such  impulses.  The  same  observer  has  satisfactorily  shown  th 
the  fibres  which  transmit  motor  impulses  decussate  almost  exclusive! 
at  the  lower  part  of  the  Medulla  Oblongata.  (See  a  r,  Fig.  175.)  Hen 
if  a  section  of  one-half  of  the  Spinal  Cord  be  made  (as  at  3,  Fig.  175),  lo 
of  movement  on  the  same  side  occurs,  in  consequence  of  the  division  oft 
ascending  motor  fibres  (a  ?•)  from  the  anterior  roots ;  whilst  if  the  secti 
be  made  at  the  level  of  the  decussation  of  the  anterior  pyramids  (as  at  ~ 
paralysis  of  the  muscles  of  both  sides  is  produced  ;  lastly,  if  a  section  t 
made  a  little  higher  (as  at  1),  paralysis  of  the  muscles  of  the  °PP0Slt^sl 
results.  Numerous  fibres  belonging  to  the  anterior  roots  undoubted 
decussate  throughout  the  greater  part  of  the  Spinal  Cord ;  but  these  a 
*  Schiff,  Op.  cit.,  p.  274.       +  Schiff,  Op.  cit.,  p.  283.      t  Op.  cit.,  p.  46. 
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i  probably  destined,  as  suggested  by  Brown-S6quard,  to  be  channels  for  the 
|  conveyance  of  reflex  actions.  Schrff  proposes  the  term  "  kinesodic*  sub- 
L  stance"  for  the  material  by  which  motor  impulses  are  conveyed  along  the 
t  Spinal  Cord,  on  the  ground  that  when  directly  stimulated  the  movements 
|  performed  are  few  and  imperfect ;  and  he  thinks  that  as  with  the  "  asthe- 
[  sodic  substance,"  so  with  the  "  kinesodic  substance,"  the  smallest  portion  is 
I  capable  of  transmitting  motor  impulses  in  any  direction.   M.  A.  Chauveau 
|  mpears  to  agree  with  Schiff  in  this  respect :  for  he  observesf  that  under 
I  ordinary  circumstances  neither  motion  nor  sensation  can  be  produced 
except  in  one  or  two  points)  by  direct  stimulation  of  the  Spinal  Cord ; 
I  ;hat  the  antero-lateral  columns  are  quite  inexcitable,  both  on  their  surface 
[fend  in  their  deeper  parts,  whether  composed  of  white  or  grey  substance ; 

hat  the  posterior  columns,  on  the  contrary  are  very  sensitive  on  their 
I  urface ;  but,  like  the  former,  do  not  respond  to  impressions  made  in  their 
ubstance ;  that  by  their  reaction  upon  direct  irritation,  pain  and  reflex 
lovements  are  produced  when  the  Cord  is  in  connection  with  the  Brain, 
[lut  reflex  movements  alone  when  the  Cord  is  divided;    that  reflex 
liiovements  are  the  only  movements  that  can  be  produced  by  direct  irri- 
ition  of  the  substance  of  the  Cord,  since  the  irritation  is  not  limited  to 
K'cial  muscles,  but  appears  to  be  propagated  as  a  motor  impulse  both 
:  upwards  and  downwards  through  the  Spinal  Cord,  so  as  to  implicate 
I.  uscles  above  and  below  the  parts  irritated ;  and  lastly,  he  observes 
i  I  iat  it  is  incorrect  to  speak  of  an  anterior  motor  and  posterior  sensory 
I  irt  of  the  Cord,  since  these  properties  are  not  localized  in  special  tracts. 
.  ibe  researches  of  Van  Deen|  and  Sanders  led  on  the  whole  to  the  same 
nclusions;  and  tended  to  show  that  the  conducting  power  both  of  the 
|  terior  and  posterior  columns  was  very  imperfect,  if  their  white  strands 
L  ;re  completely  separated  from  the  grey  matter.   Their  experiments  con- 
|-  isively  established  that  the  grey  matter,  as  well  as  the  white,  possessed 
nducting  powers  ;  additional  evidence  of  which  is  derived  from  the 
cumstance,  that  it  contains  a  large  amount  of  the  fibrous  form  of 
rve-tissue,  and  that  the  commissural  connection  between  the  two 
I  eral  halves  of  the  Cord  is  established  (according  to  Mr.  J.  L.  Clarke) 
.  I;  its  grey  substance  alone.    Sanders  made  the  following  experiment. 
;|i  divided  the  whole  of  the  Spinal  Cord  with  the  exception  of  the 
Interior  white  columns  at  the  level  of  the  4th  dorsal  vertebra  in  a 
I  bit,  and  then  divided  the  posterior  white  columns  themselves  at  the 
I  el  of  the  12th  dorsal  vertebra.    On  applying  irritation  to  the  parts 
I  rat  the  anus,  he  found  that  at  first  weak,  and  subsequently  stronger 
|  tation  was  responded  to  by  the  parts  anterior  to  the  foremost  section, 
I  aa  whence  he  concludes  that  tactile  impressions  are  conveyed  by  the 
1  ve  roots  in  various  directions  through  the  posterior  columns  into  the 
S  y  substance,  from  whence  the  fibres  after  a  longer  or  shorter  course 
•  irn  into  the  posterior  white  columns,  and  so  pass  up  to  the  sensory 
glia. 

03.  "We  have  now  to  consider  the  Spinal  Cord  as  an  independent 
re  of  nervous  power,  and  to  inquire  whether  the  movements  which  are 

From  Kivrimg,  motion,  and  olios,  a  path. 

brown-Sequard's  "  Journ.  de  la  Phyaiol.,"  1861,  torn.  iv.  p  369. 
Iraites  et  D^couvertea  sur  la  Physiologic  et  la  Moello  Epiniere,"  Leide, 
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excited  through  its  '  reflex'  activity  necessarily  involve  sensation.  These 
movements  are  most  characteristically  displayed,  when  the  Spinal  Cord  is 
cut-off  from  communication  with  the  higher  Nervous  centres  ;  prohably 
rather  because  the  nerve-force  excited  by  the  impression  reacts  through 
the  Spinal  ganglion  to  which  it  is  conveyed,  when  it  can  no  longer  pass- 
on  to  the  Encephalic  centres  (§  459),  than  because  (as  some  suppose)  the 
impulse  to  reflex  movement  is  ordinarily  neutralized  and  rendered  inope- 
rative by  an  effort  of  the  Will.  It  is  true  that  those  reflex  actions  of  the 
Spinal  Cord  which  are  necessary  to  the  maintenance  of  Organic  life,  and 
which  are  equally  performed  whether  the  Spinal  axis  be  in  communica- 
tion Avith  the  higher  Encephalic  centres  or  not,  are  continually  modified 
or  temporarily  suspended  by  the  Will ;  but  this  is  only  when  we  con- 
sciously bring  the  Will  to  bear  upon  them  ;  and  it  is  no  less  certain  that 
we  are  not  continually  making  any  such  exertions,  in  order  to  antagonize 
movements,  which  (as  we  learn  from  Pathological  evidence*)  would  be 
continually  excited  but  for  this  neutralizing  influence,  if  such  a  doctrine 
were  correct. — The  readiest  demonstration  of  the  independent  power  of 
the  Spinal  Cord,  is  derived  from  the  motions  exhibited  by  the  limbs  of 
animals,  when  irritation  is  applied  to  them  after  section  of  the  Spinal 
Cord  at  some  point  above  the  entrance  of  their  nerves  ;  the  fact  that  these 
movements  are  reflected  through  the  Cord,  and  are  not  the  product  of 
direct  stimulation  applied  to  the  part  irritated,  being  shown  by  their  com- 
plete cessation  when  the  nerve-trunks  are  divided,  or  the  substance  of  the 
Spinal  Cord  is  broken-down.  Thus,  if  a  frog  be  decapitated,  its  body  re- 
mains supported  on  its  limbs  in  the  usual  position,  and  will  recover  this 
if  it  be  disturbed  ;  irritation  of  the  feet  will  cause  it  to  leap  ;  and  tickling 
the  cloaca  with  a  probe  will  excite  efforts  to  push  away  the  instrument,  f 

*  See,  for  example,  the  case  of  '  Softening  of  the  Spinal  Marrow,'  recorded  by  Dr. 
Nairne  in  the  "  Med.-Chir.  Trans.,"  vol.  xxxiv.  ;  in  which  a  portion  of  the  Cord  at 
least  an  inch  long,  situated  opposite  the  third  and  fourth  dorsal  vertebrae,  was  "  so 
Boft  that  the  slightest  pressure  of  the  finger  broke  it  up,"  being  nearly  in  a  fluid 
state  through  its  whole  thickness  ;  yet  the  patient  felt  pain  in  his  lower  limbs,  show- 
ing that  the  power  of  upward  transmission  remained;  and  although  he  had  lost  all 
Voluntary  control  over  the  muscles  of  the  lower  part  of  the  body,  yet'  they  were 
affected  with  incessant  choreic  movement  (which,  according  to  Dr.Hughlings  Jackson, 
"  Edin.  Med.  Journ.,"  Oct.  1868,  p.  294,  originates  in  embolism  of  the  vessels  of 
the  Sensory  Ganglia),  and  these  movements  were  affected  in  such  a  marked  manner 
by  emotions,  as  plainly  to  indicate  a  downward  transmission  of  motor  power. 

+  Ithas  been  pointed-out  by  Messrs.  Todd  and  Bowman  ("  Physiological  Anatomy, 
vol.  i.  p.  315),  that  the  Spinal  Cord  of  the  male  frog,  at  the  season  of  copulation, 
naturally  possesses  a  state  of  most  extraordinary  excitability.    The  thumb  of  each 
anterior  extremity  at  this  season  becomes  considerably  enlarged ;  as  is  well  known 
to  Naturalists.    "  This  enlargement  is  caused  principally  by  a  considerable  develop- 
ment of  the  papillary  structure  of  the  skin  which  covers  it ;  so  that  large  papilla?  are 
formed  all  over  it.  A  male  frog,  at  this  season,  has  an  irresistible  propensity  to  clin 
to  any  object,  by  seizing  it  between  his  anterior  extremities.   It  is  in  this  way  tna 
he  seizes -upon,  and  clings-to  the  female  ;  fixing  his  thumbs  to  each  side  of  her  a  <H 
men,  and  remaining  there  for  weeks,  until  the  ova  have  been  completely  expe  e 
An  effort  of  the  Will  alone  could  not  keep  up  the  grasp  uninterruptedly  for  so  ton 
a  time ;  yet  so  firm  is  the  hold,  that  it  can  with  difficulty  be  relaxed.    VV  }iatevej, 
brought  in  the  way  of  the  thumbs,  will  be  caught  by  the  forcible  contraction  otu 
anterior  limbs ;  and  hence  we  often  find  frogs  clinging  blindly  to  a  piece  ot  wow  , 
a  dead  fish,  or  some  other  substance  which  they  may  chance  to  meet  witn.   -u  ^. 
finger  be  placed  between  the  anterior  extremities,  they  will  grasp  it  firmly ;  m 
they  relax  their  grasp  until  they  are  separated  by  force.    If  the  anim al  i » 
pitated  whilst  the  finger  is  within  the  grasp  of  its  anterior  extremities,  wvj 
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It  is  to  be  observed  that  a  slight  irritation  applied  to  the  peripheral 
extremities  of  the  afferent  nerves,  is  a  more  powerful  excitor  of  reflex 
action  than  a  much  stronger  impression,  which  occasions  acute  pain, 
applied  to  their  trunks ;  thus  Mr.  Grainger  found  that  he  could  remove 
the  entire  hind  leg  of  a  Salamander  with  the  scissors,  without  the 
creature  moving,  or  any  muscular  contraction  being  produced,  if  the 
Spinal  Cord  had  been  first  divided ;  yet  that  by  irritation  of  the  foot, 
especially  by  heat,  in  an  animal  similarly  circumstanced,  violent 
convulsive  actions  were  excited  in  the  legs  and  tail.  This  fact  is 
important,  not  only  as  showing  the  comparatively-powerful  effect  of 
impressions  upon  the  cutaneous  surface,  but  also  as  proving  how 
little  relation  the  amount  of  reflex  action  has  to  the  intensity  of 
sensation. 

504.  That  the  movements  executed  by  the  limbs  of  the  lower  animals, 
vhen  these  are  no  longer  connected  by  the  Spinal  Cord  with  the  Ence- 
)halon,  but  remain  in  nervous  connection  with  the  Cord  itself,  do  not 
;  ake  place  through  the  intermediation  of  sensation,  might  be  supposed  to 
be  sufficiently  proved  by  the  simple  fact,  that  division  of  the  Cord  in 
•Ian,  and  hence  by  inference  in  the  lower  animals,  reduces  the  parts 
I  ;elo\v  to  a  state  of  complete  insensibility.    But,  on  the  other  hand,  the 
-  ery  performance,  by  decapitated  animals  of  inferior  tribes,  of  actions 
,-hich  had  not  been  witnessed  in  Man  under  similar  circumstances,  has 
,  een  held  to  indicate,  that  the  Spinal  Cord  in  them  has  an  endowment 
\  diich  his  does  not  possess.    The  possibility  of  such  an  explanation, 
\  owever  unconformable  to  that  analogy  throughout  organized  nature, 
Inch,  the  more  it  is  studied,  the  more  invariably  is  found  to  guide  to 
ruth,  could  not  be  disproved.     Whatever  experiments  on  decapitated 
limals  were  appealed- to,  in  support  of  the  doctrine  that  the  Encephalon 
•I.  m tains  the  only  seat  of  sensibility,  could  be  met  by  a  simple  denial  that 

I  le  Spinal  Cord  is  everywhere  as  destitute  of  that  endowment  as  it  appears 
I':)  be  in  Man.  The  cases  of  profound  Sleep  and  Apoplexy  might  be  cited 
|i{  examples  of  reflex  action  without  consciousness  ;  but  these  have  been 
V  <5t  by  the  assertion,  that  in  such  conditions,  sensations  are  felt,  though 
,  1  ley  are  not  remembered.  It  is  difficult,  however,  to  apply  such  an  ex- 
:l:.anation  to  the  case  of  Anencephalous  human  infants  (in  which  all  the 

I  'dinary  reflex  actions  have  been  exhibited,  with  an  entire  absence  of 

I I  -am),  without  supposing  that  the  Medulla  Oblongata  is  the  seat  of  a  sen- 
\  oility  which  we  know  that  the  lower  part  of  the  Spinal  Cord  does  not 
i  assess;  and  of  this  there  is  no  evidence  whatever. — Experiments  on  the 
I  wer  animals,  then,  and  observation  of  the  phenomena  manifested  by 
I  »oplectic  patients  and  anencephalous  infants,  might  lead  to  the  conclusion 
i  at  the  Spinal  Cord  does  not  itself  possess  sensibility,  and  that  its  reflex 
i  tions  are  independent  of  sensation.  At  this  conclusion,  Unzer,  Pro- 
|;  aska,  Sir  G.  Blane,  Flourens,  and  other  physiologists  had  arrived  ;  but 
I  was  not  until  special  attention  was  directed  to  the  subject  by  Dr.  M. 

itinue  to  hold  on  firmly.  The  posterior  half  of  the  hody  may  he  cut  away,  and  yet 
I  '  anterior  extremities  will  still  cling  to  the  finger ;  but  immediately  that  the  seg- 
I  nt  of  the  Cord,  from  which  the  anterior  extremities  derive  their  nerves,  has  been 
I  noved,  all  their  motion  ceases.  This  curious  instinct  only  exists  during  the  period 
I  sexual  excitement ;  for  at  other  periods  the  excitability  of  the  anterior  extremities 
I  •onsiderahly  less  than  that  of  the  posterior." 
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Hall,  that  facts  were  obtained  by  which  a  positive  statement  of  it  could 

be  supported.  For  the  question  might  have  been  continually  asked,  If 

the  Spinal  Cord  in  Man  be  precisely  analogous  in  function  to  that  of  the 
lower  Vertebrata,  why  are  not  its  reflex  phenomena  manifested,  when  a 
portion  of  it  is  severed  from  the  rest  by  disease  or  injury?  The  answer 
to  this  question  is  twofold.  In  the  first  place,  simple  division  of  the  cord 
with  a  sharp  instrument  leaves  the  separated  portion  in  a  state  of  much 
more  complete  integrity,  and  therefore  in  a  state  much  more  fit  for  the 
performance  of  its  peculiar  functions,  than  it  ordinarily  is  after  disease  or 
violent  injury;  and  as  the  former  method  of  division  is  one  with  which 
the  Physiologist  is  not  likely  to  meet  in  Man  as  a  result  of  accident,  and 
which  he  cannot  experimentally  put  in  practice,  the  cases  in  which  reflex 
actions  would  be  manifested  are  likely  to  be  comparatively  few.  But, 
secondly,  a  sufficient  number  of  such  instances  have  now  been  accumu- 
lated, to  prove  that  the  occurrence  is  by  no  means  so  rare  as  might  have 
been  supposed ;  and  that  nothing  is  required  but  patient  observation,  to 
throw  a  great  light  on  this  interesting  question  from  the  phenomena  of 
disease.  A  most  valuable  collection  of  such  cases,  occurring  within  his 
own  experience,  has  been  published  by  Dr.  W.  Budd  ;*  and  the  leading 
facts  observed  by  him  will  be  now  enumerated. 

505.  In  the  first  case,  Paraplegia  was  the  result  of  angular  distortion  of 
the  spine  in  the  dorsal  region.  The  sensibility  of  the  lower  extremities 
was  extremely  feeble,  and  the  power  of  voluntary  motion  was  almost 
entirely  lost.  "When,  however,  any  part  of  the  skin  is  pinched  or 
pricked,  the  limb  that  is  thus  acted-on  jumps  with  great  vivacity;  the 
toes  are  retracted  towards  the  instep,  the  foot  is  raised  on  the  heel,  and 
the  knee  so  flexed  as  to  raise  it  off  the  bed  ;  the  limb  is  maintained  in 
this  state  of  tension  for  several  seconds  after  the  withdrawal  of  the 
stimulus,  and  then  becomes  suddenly  relaxed."  11  In  general,  while  one 
leg  was  convulsed,  its  fellow  remained  quiet,  unless  stimulus  was  applied 
to  both  at  once."  "In  these  instances,  the  pricking  and  pinching  were 
perceived  by  the  patient ;  but  much  more  violent  contractions  are  excited 
by  a  stimulus,  of  whose  presence  he  is  unconscious.  "When  a  feather  is 
passed  lightly  over  the  skin,  in  the  hollow  of  the  instep,  as  if  to  tickle, 
convulsions  occur  in  the  corresponding  limb,  much  more  vigorous  than 
those  induced  by  pinching  or  pricking;  they  succeed  one  another  in  a 
rapid  series  of  jerks,  which  are  repeated  as  long  as  the  stimulus  is  main- 
tained." "  When  any  other  part  of  the  limb  is  irritated  in  the  same  way, 
the  convulsions  which  ensue  are  very  feeble,  and  much  less  powerful  than 
those  induced  by  pricking  or  pinching."  "  Convulsions,  identical  with 
those  already  described,  are  at  all  times  excited  by  the  acts  of  defecation 
and  micturition.  At  these  times,  the  convulsions  are  much  more  vigorous 
than  under  any  other  circumstances,  insomuch  that  the  patient  has  been 
obliged  to  resort  to  mechanical  means  to  secure  his  person  while  engaged 
in  these  acts.  During  the  act  of  expulsion,  the  convulsions  succeed  one 
another  rapidly,  the  urine  is  discharged  in  interrupted  jets,  and  the  passage 
of  the  faeces  suffers  a  like  interruption."  The  convulsions  are  more 
vigorous,  the  greater  the  accumulation  of  urine ;  and  involuntary  con- 
tractions occur  whenever  the  bladder  is  distended,  and  also  when  the 


*  "  Medico-Chirurgical  Transactions,"  vol.  xxii. 
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desire  to  relieve  the  rectum  is  manifested.  u  In  all  these  circumstances, 
the  convulsions  are  perfectly  involuntary  ;  and  he  is  unable,  by  any  effort 
of  the-  will,  to  control  or  moderate  them."  This  patient  subsequently 
regained,  in  a  gradual  manner,  both  the  sensibility  of  the  lower  extremi- 
ties, and  voluntary  power  over  them ;  and  as  voluntary  power  increased, 
the  susceptibility  to  involuntary  movements  diminished,  as  did  also  their 
extent  and  power. — This  case,  then,  exhibits  an  increased  tendency  to 
perform  reflex  actions,  when  the  control  of  the  Brain  was  removed  ;  and 
it  also  shows  that  a  slight  impression  upon  the  surface,  of  which  the 
patient  was  not  conscious,  was  more  efficacious  in  exciting  reflex  move- 
ments, than  were  others  that  more  powerfully  affected  the  sensory  organs. 
— It  should  be  added  that,  in  the  foregoing  case,  the  nutrition  of  the 
ower  extremities  was  not  impaired,  as  it  is  in  most  cases  of  paraplegia  ; 
he  rationale  of  this  phenomenon,  which  is  to  be  constantly  observed 
,vhen  the  reflex  actions  of  the  part  remain  entire,  will  be  understood  by 
•eference  to  §§  360,  514. 

506.  In  another  case,  the  paralysis  was  more  extensive,  having  been 
•roduced  by  an  injury  (resulting  from  a  fall  into  the  hold  of  a  vessel)  at 
he  lower  part  of  the  neck.    There  was  at  first  a  total  loss  of  voluntary 
lower  over  the  lower  extremities,  trunk,  and  hands ;  slight  remaining 
oluntary  power  in  the  wrists,  rather  more  in  the  elbows,  and  still  more 
q  the  shoulders.     The  intercostal  muscles  did  not  participate  in  the 
j  lovements  of  respiration.    The  sensibility  of  the  hands  and  feet  was 
reatly  impaired.  There  were  retention  of  urine,  and  involuntary  evacua- 
on  of  the  feces.    Recovery  took  place  very  gradually  ;  and  during  its 
r  rogress,  several  remarkable  phenomena  of  reflex  action  were  observed. 
k.t  first,  tickling  one  sole  excited  to  movement  that  limb  only  which  was 
ted-upon ;  afterwards,  tickling  either  sole  excited  both  legs,  and,  on 
j  le  26th  day,  not  only  the  lower  extremities,  but  the  trunk  and  upper 
i  ^tremities  also.    Irritating  the  soles,  by  tickling  or  otherwise,  was  at 
l-rst  the  only  method,  and  always  the  most  efficient  one,  by  which  con- 
lialsions  could  be  excited.    From  the  26th  to  the  69th  day,  involuntary 
I  ovements  in  all  the  palsied  parts  continued  powerful  and  extensive, 
id  were  excited  by  the  following  causes  :  in  the  lower  extremities  only, 
I  7  the  passage  of  flatus  from  the  bowels,  or  by  the  contact  of  a  cold 
I  rinal  with  the  penis;  convulsions  in  the  upper  extremities  and  trunk, 
I  tended  with  sighing,  by  plucking  the  hair  of  the  pubes.    On  the  41st 
I  y,  a  hot  plate  of  metal  was  applied  to  the  soles,  and  was  found  to  be  a 
l  ore  powerful  excitor  of  movement  than  any  before  tried.    The  move- 
I  ents  continued  as  long  as  the  hot  plate  was  kept  applied ;  but  the  same 
I  ate,  at  the  common  temperature,  excited  no  movements  after  the  first 
I  ntact.    Though  the  contact  was  distinctly  felt  by  the  patient,  no  sensa- 
I  >n  of  heat  was  perceived  by  him,  even  when  the  plate  was  applied  hot 
I  ough  to  cause  vesication.  At  three  different  intervals  the  patient  took 
I  e-eighth  of  a  grain  of  strychnia  three  times  a  day.    Great  increase  of 
I  sceptibility  to  involuntary  movements  immediately  followed,  and  they 
1  ire  excited  by  the  slightest  causes.   No  convulsions  of  the  upper  extre- 
I  ties  could  ever  be  produced,  however,  by  irritating  their  integument ; 
I  ^ugh,  under  the  influence  of  strychnia,  pulling  the  hair  of  the  head 
[  tickling  the  chin  would  occasion  violent  spasmodic  actions  in  them, 
f  ontaneous  convulsions  of  the  palsied  parts,  which  occurred  at  other 
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times,  were  more  frequent  and  more  powerful  after  the  use  of  strychnia. 
On  the  first  return  of  voluntary  power,  the  patient  was  enabled  to 
restrain  in  some  measure  the  excited  movements ;  but  this  required  a 
distinct  effort  of  the  will ;  and  his  first  attempts  to  walk  were  curiously 
affected  by  the  persistence  of  the  susceptibility  to  excited  involuntary 
movements.    When  he  first  attempted  to  stand,  the  knees  immediately 
became  forcibly  bent  under  him ;  this  action  of  the  legs  being  excited  by 
contact  of  the  soles  with  the  ground.    On  the  95th  day  this  effect  did 
not  take  place  until  the  patient  had  made  a  few  steps  ;  the  legs  then  had 
a  tendency  to  bend-up,  a  movement  which  he  counteracted  by  rubbing 
the  surface  of  the  belly ;  this  rubbing  excited  the  extensors  to  action, 
and  the  legs  became  extended  with  a  jerk.    A  few  more  steps  were 
then  made,  the  manoeuvre  was  repeated,  and  so  on.    This  susceptibility 
to  involuntary  movements  from  impressions  on  the  soles  gradually 
diminished  ;  and  on  the  141st  day  the  patient  was  able  to  walk  about, 
supporting  himself  on  the  back  of  a  chair  which  he  pushed  before  him  ; 
but  his  gait  was  unsteady,  and  much  resembled  that  of  chorea.  Sensation 
improved  very  slowly :  it  was  on  the  53rd  day  that  he  first  slightly 
perceived  the  heat  of  the  metal  plate. — Now,  in  this  case,  the  abolition 
of  common  sensation  was  not  so  complete  as  in  the  former  instance ;  but 
of  the  peculiar  kind  of  impression  which  was  found  most  efficacious  in 
exciting  reflex  movements,  no  consciousness  whatever  was  experienced. 
Not  less  interesting  was  the  circumstance,  that  convulsions  could  be 
readily  excited  by  impressions  on  surfaces  above  the  seat  of  injury :  as, 
by  pulling  the  hair  of  the  scalp,  a  sudden  noise,  and  so  on.    This  proves 
two  important  points  :  first,  that  a  lesion  of  the  Cord  may  be  such  as  to 
intercept  the  transmission  of  voluntary  influence,  and  yet  may  allow  the 
transmission  of  that  reflected  from  incident  nerves.    Secondly,  that  all 
influences  from  impressions  on  incident  nerves  are  diffused  through  the 
Cord :  for,  in  the  instance  adduced,  the  reflected  influence  was  undoubtedly 
not  made  to  deviate  into  the  cord  by  the  morbid  condition  of  that  organ, 
but  followed  its  natural  course  of  diffusion,  being  rendered  manifest 
in  this  case  by  the  convulsions  which  were  excited,  in  consequence  oi 
increased  activity  of  the  motor  function  of  the  cord.     It  is  further 
interesting  to  remark,  that,  in  the  foregoing  case,  the  reflex  actions  were 
very  feeble  during  the  first  seven  days,  in  comparison  with  their  subse- 
quent energy ;  being  limited  to  slight  movements  of  the  feet,  which  could 
not  always  be  excited  by  tickling  the  soles.    (In  another  case  of  very 
similar  character,  it  was  three  days  after  the  accident,  before  any  reflex 
actions  could  be  produced.)    It  is  evident,  then,  that  the  Spinal  Cord 
must  have  been  in  a  state  of  concussion,  which  prevented  the  manifesta- 
tion of  its  peculiar  functions,  so  long  as  this  effect  lasted;  and  it  is  easy> 
therefore,  to  perceive,  that  a  still  more  severe  shock  might  permanently 
destroy  its  power,  so  as  to  prevent  the  exhibition  of  any  of  the  pheno- 
mena of  reflex  action.  > 

507.  So  many  cases  of  this  kind  have  now  occurred,  that  it  may  oe 
considered  as  a  demonstrated  fact,  that  the  Spinal  Cord,  or  insulated 
portions  of  it,  may  serve  in  Man,  no  less  than  in  the  lower  animals,  as 
the  centre  of  very  energetic  reflex  actions,  when  the  Encephalic  power 
which  ordinarily  operates  through  it  is  suspended  or  destroyed,  or  when 
it  is  prevented  from  influencing  the  Spinal  nerves  by  such  an  injury 
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the  Cord  above  their  points  of  connection  with  it,  as  prevents  the  trans- 
mission of  nervous  polarity  :  and  it  is  further  evident  that  these  move- 
ments are  not  more  dependent  upon  Sensation  than  they  are  upon  the 
Will,  since  they  may  be  excited  without  the  consciousness  of  the  indi- 
vidual, even  when  this  is  fully  directed  to  the  part.*  And  we  thus  have 
adequate  ground  for  the  assertion,  that  the  movements  which  may  be 
called-forth  by  stimulation  in  the  states  of  profound  Sleep  or  Coma,  are 
not  to  be  held  to  indicate  that  conscious  sensation  is  even  momentarily 
excited ;  since  we  know  that  the  reflex  power  of  the  Spinal  Cord  may  be 
•jailed  into  action  by  impressions  which  do  not  travel  onwards  to  the 
Bensorium,  or  which  are  powerless  to  affect  the  consciousness  even  when 
they  arrive  there.    These  abnormal  reflex  actions  of  the  Spinal  Cord  of 
Mau,  though  often  powerful,  have  much  less  regularity  and  apparent 
■purposiveness,  than  have  the  movements  executed  by  the  lower  Vertebrata 
(as  the  Frog,  §  503)  after  decapitation  or  section  of  the  cord ;  the  latter 
approaching,  in  respect  to  these  qualities,  to  the  reflex  movements  of 
Articulated  Animals — as  is  well  seen  in  the  following  experiment,  which 
is  much  relied  on  by  those  who  hold  that  the  Spinal  Cord  is  the  seat  of 
sensorial  functions,  j"    If  a  frog  be  decapitated  and  acetic  acid  be  applied 
aver  the  internal  condyle  of  the  femur,  the  animal  will  wipe  away  the 
icid  with  the  foot  of  the  same  side;  but  if  this  be  cut  off,  after  some 
neffectual  efforts,  and  a  short  period  of  hesitation,  it  will  perform  the 
.same  action  with  the  foot  of  the  opposite  side.    It  must  not  hence  be 
uferred,  however,  that  there  is  any  essential  difference  in  the  endow- 
nents  of  the  Spinal  Cord,  between  Man  and  the  lower  animals ;  or  that 
my  psychical  agency  exists  in  the  latter  case  which  is  wanting  in  the 
brmer.    We  have  already  seen  that  the  existence  of  even  the  most 
>erfectly-adapted  combination  of  different  muscular  actions,  all  obviously 
tearing  upon  a  definite  object,  cannot  in  itself  justify  our  attributing  this 
ouibination  to  design  or  voluntary  choice  on  the  part  of  the  organism 
hat  executes  it  (§  449) ;  whilst  on  the  other  hand,  to  remove  these 
luvements  in  any  case  from  the  category  of  automatic  actions,  would  be 
|  3  assign  to  the  Spinal  Cord  a  power  of  consciously  selecting  and  directing 
|  lem,  such  as  we  have  every  reason  for  believing  to  be  limited  to  the 
igher  parts  of  the  Cerebro-Spinal  centres.    Now  the  very  uniformity  of 
ie  movements  in  question,  or  the  slight  variation  in  effect  which  has 
!•  een  observed  to  follow  the  application  of  different  stimuli,  is  itself  an 
I  idication  that  they  do  not  proceed  from  any  purposive  choice,  but 
I  ipend  upon  the  special  endowments  of  those  centres  of  reflex  action, 

j  *  The  Author  is  informed  by  his  friend  Mr.  Paget,  that  among  the  notes  left  by 
I  An  Hunter  (which  furnished  some  of  the  materials  for  the  admirable  Catalogue  of 
I  e  Pathological  portion  of  the  Huuteriau  Museum  drawn  up  by  Mr.  Paget),  there 
aa  the  record  of  a  case  of  paraplegia,  in  which  it  appeared  that  Hunter  had  wit- 
■ssed  reflex  movements  of  the  legs  in  which  sensation  did  not  participate.  When 
e  patient  was  asked  whether  he  felt  the  irritation  by  which  the  motions  were 
'  cited,  he  significantly  replied — glancing  at  his  limbs, — "  No,  Sir ;  but  you  see  my 
E  y*  do." 

t  See  Pfliiger,  "  Die  sensorischen  Functionen  des  Riickenmarks,"  Berlin,  1853  ; 
|e  also  an  able  review  in  the  "Med.-Chir.  Review"  for  Jan.  1864,  in  which  the 
1  'Ove  experiment  is  quoted.    The  doctrine  of  the  independent  volitional  as  well  as 

Mortal  power  of  the  Spinal  Cord  is  ingeniously  sustained  in  Mr.  G.  H.  Lewes's 
I  Physiology  of  Common  Life,"  vol.  ii. ;  whilst  tho  opposite  side  is  taken  in  a  review 
1  on  that  work  contained  in  the  "  Med.-Chir.  Review,"  vol.  xxvi.  1860,  p.  423. 
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whence  the  impulses  that  call  them  forth  immediately  issue  to  the  nerves : 
and  hence  the  more  marked  adaptiveness  of  the  reflex  actions  performed 
by  many  of  the  lower  tribes  of  animals,  can  only  be  held  to  indicate  that 
a  larger  share  of  such  adaptation  is  effected  in  them  by  what  may  be 
termed  the  mechanism  of  their  nervous  centres,  and  that  less  is  left  to 
voluntary  choice  and  direction,  which  can  only  be  safely  trusted  where  a 
considerable  amount  of  intelligence  exists  to  guide  it ; — a  conclusion 
which  accords  well  with  what  has  been  already  stated,  respecting  the 
structural  differences  that  seem  to  exist  between  the  Spinal  Cord  of  Itlan, 
and  that  of  the  inferior  Vertebrata  (§  487).  If  we  endeavour  to  combine 
the  results  obtained  in  pathological  cases  and  those  observed  after  ex- 
perimental sections  of  the  Spinal  Cord  with  the  evidence  derived  from 
microscopical  investigation,  it  would  seem  probable  that  the  sensory  or  cen- 
tripetal nervous  fibres  terminate  in  the  ganglionic  cells  of  the  posterior 
horns  of  the  grey  substance  of  the  cord  (Fig.  176).  From  these  processes 
are  given-off,  one  of  which  ascends  on  the  opposite  side  to  the  sensory 
ganglia  at  the  base  of  the  Brain,  whilst  others  terminate  in  cells  that  are 
in  direct  connection  with  those  lying  in  the  anterior  horns  of  the  grey 
substance.  Generally  speaking,  sensory  impressions  follow  the  former 
and  simplest  path,  and  any  movements  that  may  occur  are  directed  by 
and  subordinate  to  the  will ;  but  if  these  ascending  fibres  are  divided, 
then  the  purely  reflex  action  of  the  Spinal  Cord  is  exhibited,  and  the  im- 
pression is  transmitted  to  one  cell  or  to  a  group  of  cells  communicating 
with  those  in  the  anterior  horn  of  its  own  side.    If  the  impression  be 

strong,  it  is  transmitted  to  the 
opposite  side  through  the  con- 
necting fibres  that  pass  from 
the  cells  of  one  anterior  horn 
to  those  of  the  other.  The 
motor  cells  of  the  Cord  are 
brought  into  communication 
with  the  Brain  through  the 
intermediation  of  the  cells  in 
the  Corpora  Striata.  A  pecu- 
liar condition  described  by 
Schiff  *  as  Analgesia  may  here 
be  alluded-to.  It  consists 
in  the  retention  of  the  capa- 
bility of  perceiving  sensations 
of  touch,  though  the  most 
severe  injuries  to  nerves  pro- 
duce no  sensations  of  pain. 
This  condition  may  be  in- 
duced, according  to  Schiff,  by 
division  of  the  whole  Spinal 
Cord  with  the  exception  of  the 
posterior  columns,  also  by 
rapid  abstraction  of  blood; 
and  it  may  be  observed  in  the  early  stages  of  the  administration  o 


Fia.  176. 


S.  Sensory  root.  m.  Motor  root. 

The  ordinary  course  of  a  sensory  impression  to  the 
brain  is  t  hrough  the  ganglion  cell,  a,  and  fibre,  a',  which 
crosses  to  the  opposite  hall' of  the  cord.  In  the  event  of 
this  beingdivided,  the  impression  is  transmitted  through 
an  intermediate  ganglion  cell,  b,  to  group  of  motor  cells 
in  the  anterior  cornu,  c,  and  is  thence  transmitted 
through  motor  nerve,  M,  to  the  muscles  of  the  same  side. 
If  the  impression  be  still  stronger,  the  muscles  of  the 
opposite  side  are  called  into  reflex  action  through  the 
communicating  fibre,  d.  The  group  of  motor  cells  may 
also  be  called  into  action  by  the  voluntary  n:-rve,/,  which 
decussates  at  the  lower  part  of  the  Medulla  Oblongata. 


*  "Physiologic,"  1859,  p.  252. 
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ither  or  chloroform.     It  seems  to  be  questionable,  however,  whether 
his  is  not  rather  to  be  considered  as  a  state  of  blunted  common 
ensibility. — There  can  be  little  doubt  respecting  the  origin  of  vaso- 
aotor  fibres  from  the    Spinal   Cord,  by  which  the  calibre  of  the 
essels  and  the  temperature  of  the  parts  supplied  by  them  is  regulated. 
\s  a  sequel  to  the  preceding  consideration  of  the  Spinal  Cord  as  a 
inductor  of  motor  and  sensory  impressions,  and  as  an  independent 
-ntre,  the  following  summary  by  M.  Brown- Sequard*  of  the  results 
i  .Man  of  any  injury  damaging  the  whole  transverse  thickness  of  a  small 
Drtion  of  one  lateral  half  of  the  cord  is  instructive.    There  may  be  ob- 
a*ved  under  these  circumstances : — A.  On  the  same  side — 1.  Paralysis 
'  voluntary  motion  ;  2.  Hyperesthesia  for  sense  of  contact,  for  tick- 
og,  for  pain,  and  for  temperature  in  the  paralyzed  parts ;  3.  An  an- 
sthetic  zone  of  small  extent,  corresponding  to  the  parts  supplied  by 
:rves  which  take  their  origin  from  that  part  of  the  Spinal  Cord  situated 
lmediately  below  the  lesion ;  4.  Hyperesthesia  in  a  greater  or  less 
:tent  of  surface  above  the  zone  of  diminished  sensibility  ;  5.  Absolute 
relative  elevation  of  temperature  in  the  paralyzed  parts,  and  often 
1 30  in  those  parts  of  which  the  sensibility  is  exalted,  but  not  in  the  parts 
ibich  are  not  paralyzed;  6.  Phenomena  indicating  paralysis  of  the 
igins  of  the  great  sympathetic  nerve  in  the  neck,  when  the  lesion  has 
l.curred  in  the  cervico-brachial  enlargement.    B.  On  the  opposite 
t  ie — 1.  Complete  anaesthesia  as  regards  contact,  tickling,  pain,  and 
j  oiperature  in  the  parts  which  correspond  to  those  that  are  paralyzed  on 
I  e  opposite  side;  2.  Perfect  preservation  of  the  voluntary  movements 
I  d  of  the  muscular  sense;  3.  A  zone  of  exalted  sensibility  of  small 
tent  and  feeble  in  degree,  situated  in  the  parts  above  those  the 
-  isibility  of  which  is  diminished.    From  his  numerous  observations, 
fc  believes  he  is  justified  in  drawing  the  conclusion  already  stated 
501),  that  complete  decussation  of  the  conductors  of  the  various  kinds 
;  sensibility  occurs  in  the  cord,  with  the  exception  of  those  only  con- 
t  f ing  the  muscular  sense. 

i  508.  The  endowments  of  the  Medulla  Oblongata  do  not  seem  to  differ 
m  those  of  the  Spinal  Cord  in  any  other  respect,  than  in  the  special 
i  .lire  of  the  reflex  movements  to  which  it  ministers.    This  part  of  the 
.  inio-Spinal  Axis  has  been  regarded  by  some  Physiologists,  indeed,  as 
;  i  peculiar  seat  of  vitality  ;  since,  although  the  other  Encephalic  masses 
I  y  be  withdrawn  from  above,  and  nearly  the  whole  of  the  Spinal  Cord 
y  be  removed  from  below,  without  the  destruction  of  life,  yet  a  com- 
I  te  stop  is  put  to  the  current  of  vital  action  when  the  Medulla  Oblongata 
iestroyed.    But  the  dependence  of  the  vital  activity  of  the  body 
I  crally  upon  the  functional  integrity  of  this  part  of  the  nervous  system, 
I  imply  consequent  upon  the  fact  that  the  Medulla  Oblongata  contains 
chief  ganglionic  centre  of  the  Eespiratory  movements ;  f  upon  the 
;  tinuance  of  which,  as  already  shown  (chap.  ix.  Sect.  3),  the  con- 
I  lance  of  the  Circulation  is  dependent,  and  with  this,  the  maintenance 
I  he  Organic  functions  generally.  A  strong  confirmation  of  this  is  found 

''Journal  do  la  Physiologic,"  vol.  vi.,  Oct.  1863,  published  in  December,  1865, 
I  124,  232  and  581 ;  and  "Archives  de  Physiologic,"  1868,  p.  610. 
I  .^rown-Sequard  considers  that  the  whole  base  of  the  Encophalon  in  Man  is 
I  lcated  1Q  Inspiration  ("  Central  Nervous  System,"  p.  191). 
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in  the  fact  that  M.  Brown-Sequard*  has  kept  frogs,  in  which  animals  the 
cutaneous  respiration  is  actively  performed,  alive  for  eight  months  after 
the  entire  removal  of  the  Medulla  Oblongata.  From  the  Medulla  Oblon- 
gata spring  the  nerves  which  exert  a  regulatory  or  inhibitory  power  on 
the  movements  of  the  heart  (§  242),  and  also  those  which  are  intimately 
associated  with  the  formation  of  sugar  in  the  liver  (§  398).    It  is  also 
the  ganglionic  centre  of  the  nerves  of  Speech  and  Deglutition  ;  the  aboli-  I 
tion  of  which  latter  function  must  of  course  be  destructive  to  life,  though  I 
less  speedily  than  that  of  Respiration.    It  is  remarked  by  Mr.  Lockhart  I 
Clarkef  that  it  is  probable  the  Olivary  bodies  are  not  only  the  centres  I 
through  which   different  movements  are  co-ordinated  for  expressing  I 
the  passions  and  emotions,  but  that  they  are  the  motor  centres  through  | 
which  different  movements  are  effected  by  sudden,  violent,  or  peculiar 
impressions  on  the  special  senses  ;  for  they  are  intimately  connected  with 
all  the  sensory  ganglia  of  the  Medulla, — with  the  grey  tubercle  (tri- 
geminus), the  vagal  nucleus,  the  post,  pyramidal  and  restiform  nuclei 
(auditory  ganglia),  and  the  corpora  quadrigemina  (optic ganglia) — through 
the  fillet,  and  not  improbably  with  the  parts  about  the  root  of  the  olfac- 
tory bulb,  since  he  has  been  able  to  trace  the  olivary  columns  nearly  to 
the  anterior  perforated  space.    As  regards  the  functions  of  the  several 
strands  composing  the  Medulla  Oblongata,  little  is  known,  excepting  that 
the  anterior  pyramids  are  the  conductors  for  voluntary  motor  impulses. 
The  Corpora  Restifbrmia,  which  constitute  the  inferior  peduncles  of 
the  Cerebellum,  do  not  appear,  according  to  M.  Brown- Sequard,J  to 
give  passage  to  any  of  the  conductors  of  sensory  impressions  proceeding 
from  the  trunk,  limbs,  or  head.    It  is  remarkable,  however,  that  after 
they  have  been  transversely  divided,  hyperesthesia  is  produced  in  every 
part  of  the  trunk  and  limbs. 

509.  Hence  the  Spinal  Cord,  with  its  Encephalic  prolongation,  may 
be  said  to  supply  by  its  '  reflex  power'  the  conditions  requisite  for  the 
maintenance  of  the  various  muscular  movements  which  are  essential  to  the 
continuance  of  the  Organic  processes;  and,  as  Dr.  M.  Hall  has  pointed- 
out,  it  especially  governs  the  various  orifices  of  ingress  and  egress.— 
Thus,  the  act  of  Deglutition  is  entirely  dependent  upon  the  Spinal  Axis 
ami  the  nerves  proceeding  from  it ;  the  Will  being  in  no  other  way  con- 
cerned in  it,  than  by  originating  the  necessary   stimulus;  and  even 
sensation  not  being  a  necessary  link  in  the  chain  of  excito-motor  action 
(§§  85-87).    The  action  of  the  cardiac  sphincter,  again, — and  probably 
that  of  the  pyloric  sphincter  also, — is  dependent  upon  its  nervous  con 
nection  Avith  the  Spinal  Axis  ;  and  is  entirely  regulated  without  sensori 
excitement  (§  87).    And  there  is  much  reason  to  believe  that  certain  o 
the  movements  of  the  stomach  itself  are  in  like  manner  dependent  upo 
its  connection  with  the  Medulla  Oblongata  (§  89),  although  there 
evidence  that  it  possesses  an  independent  motor  activity  of  its  own. 
movements  of  the  Intestinal  tube  are  unquestionably  influenced  by  \ 
Spinal  Cord,  although  perhaps  in  some  measure  independent  o  i 
(§  91);  and  the  sphincter  which  surrounds  its  orifice  of  egress  is  un- 
doubtedly placed  under  its  guardianship,  although  partly  subjected 
Man)  to  the  control  of  the  Will.    The  same  may  be  said  of  the  «jpw« 

*  "  Central  Nervous  System,"  1860,  p.  191.  ,  97 
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muscles  concerned  in  the  act  of  Defecation ;  and  of  the  expulsors  and 
sphincter  which  effect  and  control  the  act  of  Urination  (§  94). — Looking, 
a<rain,  at  the  movements  which  are  subservient  to  the  Respiratory  pro- 
cess, we  find  that  all  those  which  are  essential  to  its  regular  main- 
e  nance  are  performed  through  the  intermediation  of  the  Spinal  Axis 
done ;  that  the  Will  has  only  such  a  limited  power  over  them  as  to  bring 
hem  into  harmony  with  its  other  requirements,  as  in  the  acts  of  vocali- 
ation  and  in  extraordinary  muscular  exertions ;  and  that  the  stimulus 
3y  which  they  are  commonly  maintained  does  not  even  affect  the 
:onsciousness,  the  '  besoin  de  respirer'  only  becoming  sensible  when  the 
•espiratory  process  is  being  imperfectly  performed  (§§  294-296).  Not 
>nly  are  the  ordinary  respiratory  movements  performed  through  this 
•hannel,  but  the  aperture  of  the  Glottis  is  regulated  by  it,  in  everything 
hat  concerns  the  respiration ;  and  either  by  its  spasmodic  closure  against 
he  entrance  of  unfit  substances,  or  by  the  expulsor  effort  of  coughing 
vhich  is  excited  by  them  when  they  do  find  their  way  into  the  air- 
ages,  these  passages  are  kept  free  from  solid,  liquid,  or  gaseous  parti - 
les,  whose  presence  in  them  would  be  injurious. — In  the  expulsion  of 
iie  Generative  products  also,  the  reflex  power  of  the  Spinal  Cord  takes 
\  n  important  share.    Budge*  believes  that  he  has  discovered  a  genito- 
)inal  centre  (in  rabbits)  in  that  portion  of  the  Spinal  Cord  which  lies 
pposite  the  fourth  lumbar  vertebra ;  for  on  irritating  this  part,  contrac- 
ona  of  the  rectum,  bladder,  and  vasa  deferentia  occurred.    The  same 
fects  are  produced  on  irritating  the  ganglion  of  the  Sympathetic  nerve 
ing  on  the  fifth  lumbar  vertebra,  which  receives  communicating  branches 
'  om  this  part  of  the  cord ;  and  the  influence  of  the  nervi  erigentes  and 
|:>mmon  pudendal  nerves  observed  by  Eckhard,  on  the  erection  of  the 
j  ;nis  and  emissio  seminis,  has  been  already  fully  detailed  (§  275).  The 
oscular  contractions  which  produce  Emissio  Seminis  are  excito-motor 
their  nature  ;  being  independent  of  the  Will,  and  not  capable  of 
straint  by  it  when  once  fully  excited ;  and  being  (like  those  of  Deglu- 
I  ion)  excitable  in  no  other  way  than  by  a  particular  local  irritation.  It 
I  .s  been  shown  by  experiment,  and  also  by  pathological  observation, 
I  at  the  separation  of  the  lower  portion  of  the  Spinal  Cord  from  the 
t'per  does  not  prevent  these  movements  from  being  excited,  although 
I  i  act  is  then  unaccompanied  with  sensation,  which  proves  that  sensa- 
I  n  is  not  essential  to  its  performance ;  on  the  other  hand,  the  power 
I  emission  is  annihilated  by  destruction  of  the  lower  portion  of  the 
I  mal  Cord,  or  by  section  of  the  nerves  which  supply  the  genital  organs. 
I  ie  act  of  Parturition,  however,  seems  to  be  less  dependent  upon  the 
I  mal  Cord ;  for,  as  will  be  shown  hereafter  (chap,  xviil,  Sect.  3),  the 
■.fractions  of  the  Uterus,  which  are  alone  sufficient  to  expel  the  foetus 
I  en  there  is  no  considerable  resistance,  are  not  to  be  regarded  as 
I  'flex;'  and  it  is  only  in  the  co-operation  of  those  associated  muscles 
I  ich  come  into  play  in  the  second  stage  of  labour,  when  the  head  is 
I  sing  through  the  os  uteri  and  is  engaged  in  the  pelvic  cavity,  that 
assistance  of  the  Spinal  Cord  and  its  nerves  is  called-in.  These 
I  venients,  like  those  of  Defecation,  may  be  to  a  certain  extent  promoted 
restrained  by  voluntary  effort ;  but  when  the  exciting  influence  (the 
"  Comptes  Rendus  do  l'Acad.  des  Scien.,"  1858,  p.  586  ;  and  "Physiologic,"  1862, 
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pressure  of  the  head  against  the  parietes  of  the  vaginal  canal)  has  once 
been  fully  brought  into  operation  by  the  uterine  contractions,  the  Will 
has  little  power  over  them,  either  in  one  way  or  the  other.  The 
antagonizing  influence  of  the  sphincter  vagina?  seems,  like  that  of  the 
sphincter  ani,  to  be  dependent  upon  the  Spinal  Cord  ;  and  thus  it  hap- 
pens that  when  its  tension  and  that  of  other  muscular  parts  has  been 
destroyed  by  death,  whilst  the  uterus  still  retains  its  contractility,  the 
power  of  the  latter  has  sufficed  for  the  completion  of  the  parturient  process, 
the  child  being  expelled  after  the  respiratory  movements  have  ceased. 

510.  The  Spinal  Axis  is  not  merely  the  instrument  whereby  th 
movements  essential  to  the  maintenance  of  the  Organic  functions  are  sus- 
tained ;  it  is  also  subservient  to  other  muscular  actions,  whose  character 
is  essentially  protective.    Thus  it  was  ascertained  by  Dr.  M.  Hall*  that, 
if  the  functions  of  the  Brain  bo  suspended  or  destroyed  without  injur 
to  the  Spinal  Cord  and  its  nerves,  the  Orbicularis  muscle  will  contract,  s 
as  to  occasion  the  closure  of  the  eyelids,  upon  their  tarsal  margin  bein 
touched  with  a  feather.    This  fact  is  interesting  in  several  points  o 
view.    In  the  first  place,  it  is  a  characteristic  example  of  an  adaptiv 
action,  occurring  under   circumstances  in  which  volition  cannot  b 
imagined  to  guide  it,  and  in  which  there  is  no  valid  reason  to  believ 
that  sensation  directs  it.    Further,  it  explains  the  almost  irresistibl 
nature  of  the  tendency  to  winking,  which  is  performed  at  short  interva' 
by  the  contraction  of  the  Orbicularis  muscle ;  this  is  evidently  a  refle 
action,  capable  of  being  in  some  degree  restrained  (like  that  of  respira 
tion)  by  the  will,  but  only  until  such  time  as  the  stimulus  (resultiu 
perhaps  from  the  collection  of  minute  particles  of  dust  upon  the  eyes,  o 
from  the  dryness  of  their  surface  in  consecpuence  of  evaporation),  become 
too  strong  to  be  any  longer  resisted.    The  nervous  channel  throug 
which  this  action  is  performed,  is  completed  by  the  first  branch  of  th 
Fifth  and  the  Portio  Dura  of  the  Seventh.  Again,  we  have  in  sleep  or  i 
apoplexy  an  example  of  this  purely-spinal  action,  unbalanced  by 
influence  of  the  will,  which,  in  the  waking  state,  antagonizes  it  by  callin 
the  levator  palpebral  into  action.    As  soon  as  the  will  ceases  to  act,  t 
lids  droop,  and  close  over  the  eye  so  as  to  protect  it ;  and  if  those  of 
sleeping  person  be  separated  by  the  hand,  they  will  be  found  presently 
return.    Here,  as  in  studying  the  respiratory  and  other  movements, 
are  led  to  perceive  that  it  is  the  Brain  alone  which  is  torpid  duriu 
sleep,  and  whose  functions  are  affected  by  this  torpidity.  As  Dr.  M.  II 
very  justly  remarks,  "  the  Spinal  system  never  sleeps  ;"  it  is  constantly 
activity  ;  and  it  is  thus  that,  in  all  periods  and  phases  of  Life,  the  mov 
ments  which  are  essential  to  its  continued  maintenance  are  kept- 
without  sensible  effort. — The  closure  of  the  pupil  against  a  strong  hg 
is  another  movement  of  the  same  protective  tendency.    The  contra 
tion  of  the  pupil  is  immediately  caused  by  the  Third  pair,  or  Mo 
Oculi,  as  is  easily  shown  by  irritating  the  trunk  of  that  nerve  and  obse 
ing  the  result ;  but  the  stimulus  which  excites  it  is  conveyed  through 
Optic  nerve.    Yet  although  the  contraction  of  the  pupil  is  usually  m  cJ 
accordance  with  the  sensation  occasioned  by  the  impression  of  fight  up 
the  retina,  yet  there  is  evidence  to  prove  that  the  sensation  of  light  " 

*  "Memoirs  011  the  Nervous  System,"  1837,  p.  61. 
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always  necessary  :  for  even  when  the  sight  of  both  eyes  has  been  entirely 
destroyed  by  amaurosis,  the  normal  actions  have  been  witnessed  in  the 
pupil,  in  accordance  with  the  varying  degrees  of  light  impinging  on  the 
retina.    Such  cases  seem  to  indicate  that  the  motion  results  from  an 
impression  upon  the  retina,  which  impression  being  conducted  to  the 
Sensorium  ordinarily  produces  a  sensation  ;  but  that  even  where  no  sen- 
sation is  produced,  on  account  of  a  disordered  state  of  the  part  of  the 
ganglionic  centre  in  which  the  Optic  nerve  terminates,  if  the  central  tract 
which  connects  that  nerve  with  the  Third  pair  retain  its  integrity, 
the  reflex  contraction  of  the  pupil  may  still  be  excited  through  it.  The 
rarity  of  the  occurrence  is  easily  accounted-for,  by  the  fact  that  in 
most  eases  of  amaurosis  the  disease  lies  in  the  retina  or  in  the  trunk  of 
the  nerve,  and  thereby  checks  both  its  spinal  and  its  encephalic  actions. 
—Although  we  are  not  at  present  acquainted  with  any  similar  protec- 
tive movements  in  the  Human  being,  designed  to  keep  the  organ  of  Hear- 
ing from  injury,  yet  there  can  be  little  doubt  that  those  which  we  are 
lonstantly  witnessing  in  other  animals  possessed  of  large  external  ears,  are 
-eflex  actions  excited  by  the  irritation  applied  to  them.    In  regard  to  the 
S'ose,  we  find  a  remarkably  complex  action — that  of  Sneezing — adapted 
»  o  drive-off  any  cause  of  irritation  (§  300).    The  stimulus  is  conveyed,  in 
his  case,  not  through  the  Olfactory  nerve,  but  through  the  Fifth  pair ; 
I  o  that  it  is  not  dependent  upon  the  excitement  of  the  sensation  of  Smell. 
\  The  act  of  Coughing,  also,  may  be  regarded  as  of  a  protective  character  ; 
;  eing  destined  to  remove  sources  of  irritation  from  the  air-passages. 
1  [any  of  the  automatic  movements  performed  by  the  limbs  of  Frogs  and 
j  ther  animals,  when  their  connection  with  the  brain  has  been  cut  off  (§  503) 
1  ppear  destined  to  remove  these  parts  from  sources  of  irritation  or  injury ; 
:  nd  they  may  thus  be  rightly  placed  under  the  same  category. 

511.  The  fact  that  Sensation  is  very  commonly  associated  with  the 
jj  sflex  actions  we  have  been  considering,  being  produced  by  the  impres- 
;i :  on  that  excites  them,  has  led  many  to  suppose  that  it  necessarily  parti- 
cipates in  them;  a  doctrine  which  we  have  seen  to  be  untenable.  But 
|  ie  question  not  unnaturally  arises,  why  Sensation  should  so  constantly 
j  anticipate  in  these  operations,  if  not  essential  to  them  ;  and  the  answer 
this  question  is  to  be  found  in  the  fact,  that  it  is  only  through  sensa- 
>n  that  a  higher  set  of  actions,  mental  and  bodily,  is  called  into  play, 
j  <uch  is  essential  to  the  continued  maintenance  of  those  belonging  to 
e  present  category.    Illustrations  of  this  truth  might  be  drawn  from 
t  ty  of  the  functions  already  noticed ;  but  the  Ingestion  of  food  will 
•Pply  us  with  one  of  the  most  apposite.    We  have  seen  that  the  act  of 
sglutition  is  in  itself  independent  of  sensation ;  anything  that  comes 
thin  the  grasp  of.  the  pharyngeal  constrictors  being  conveyed  down- 
l  irds  by  their  reflex  contraction,  just  as  anything  which  touches  the 
us  of  a  Polype  is  entrapped  by  them  and  drawn  into  the  stomach, 
it  this  action  is  attended  with  sensation,  in  the  ordinary  condition  of 
!  higher  Animal,  apparently  in  order  that  guidance  may  be  thus 
orded  in  the  performance  of  those  other  movements  of  prehension, 
cation,  &c,  by  which  the  food  may  be  brought  within  reach  of  the 
ratus  of  deglutition  ;  and  the  sensations  which  are  linked  with  these 
mong  the  influences  \*hich  prompt  to  those  higher  mental  operations, 
eby  food  is  provided  for  the  digestive  apparatus  to  make  use  of. 
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The  Zoophyte  is  dependent  for  its  supplies  of  aliment  upon  what  the 
currents  in  the  surrounding  fluid,  or  other  chances,  may  bring  into  its 
neighbourhood  ;  and  if  these  should  fail,  it  starves.  The  anencephalous 
Infant,  again,  can  swallow,  and  even  suck  ;  but  it  can  execute  no  other 
movements  adapted  to  obtain  the  supply  of  food  continually  necessary 
for  its  maintenance,  because  it  has  not  a  mind  which  sensations  could 
awake  into  activity.  The  sensation  connected  with  excito-motor  actions 
has  not  only  this  important  end,  but  it  frequently  contributes  to  enjoy- 
ment, as  in  Suction  and  Emissio  seminis.  The  sensation  accompany- 
ing the  actions  of  this  class,  moreover,  frequently  affords  premonition 
of  danger,  or  gives  excitement  to  supplementary  actions  destined  to 
remove  it,  as  in  the  case  of  Respiration ;  for  where  anything  interferes 
with  the  due  discharge  of  the  function,  the  uneasy  sensation  that  ensues 
occasions  unwonted  movements,  which  are  more  or  less  adapted  to 
remove  the  impediment,  in  proportion  as  they  are  guided  by  judg- 
ment as  well  as  by  consciousness.  Again,  sensation  often  gives 
warning  against  inconvenience,  as  in  the  Excretory  functions ;  and  here 
it  is  very  evident,  that  its  purpose  is  not  only  (if  it  be  at  all)  to 
excite  the  associated  muscles  necessary  for  the  excretion,  but  actually 
to  make  the  Will  set  up  the  antagonizing  action  of  the  sphincters 
(§§  93,  94). 

512.  We  have  now  to  inquire  how  far  the  independent  action  of  the 
Spinal  Cord  is  concerned  in  the  general  muscular  movements  of  Man, 
and  especially  in  the  locomotive  actions  of  his  inferior  extremities.  On 
this  point,  it  is  obvious  that  we  must  not  be  guided  by  the  analogy  o 
the  lower  animals ;  since  the  locomotive  and  other  movements  of  Man 
are  for  the  most  part  volitional  and  purposive,  and  he  has  to  acquire  b 
experience  that  control  over  his  muscular  apparatus  which  is  necessary 
to  enable  him  to  perform  them  ;  whilst  in  Invertebrata  generally,  and 
a  large  part  of  the  lower  Vertebrata,  it  is  evident  that  the  movements  o 
progression,  &c.  which  are  characteristic  of  each  species,  come  uuder  th 
general  category  of  automatic  actions,  and  are  provided-for  in  the  origina 
organization  of  its  nervous  centres,  being  performed  without  any  educa- 
tion, and  under  circumstances  which  render  the  notion  of  a  purpose  o 
the  Animal's  own  part  quite  untenable.    In  so  far  as  these  instinctiv 
movements  require  the  guidance  and  direction  of  sensations,  they  inustb 
referred  to  the  '  consensual'  group  ;  but  clear  evidence  is  afforded  by  th 
continuance  of  many  of  them  after  the  removal  of  the  centres  of  sensation 
that  they  are  excito-motor  in  their  character,  and  that  they  require  n 
higher  centre  than  the  ganglia  which  correspond  to  the  Spinal  Cord  o 
Man*    There  can  be  little  doubt  that  the  habitual  movements  of  loco 
motion,  and  others  which  have  become  '  secondarily  automatic,'  may  b 
performed  by  Man  (under  particular  circumstances)  through  the  agenc 
of  the  Spinal  Cord  alone,  under  the  guidance  and  direction  of  the  Sen 
sorial  centres,  or  even  without  such  guidance ;  the  required  conditio 
being,  that  the  influence  of  the  Cerebrum  shall  be  entirely  withdraw 
Thus,  numerous  instances  are  on  record,  in  which  soldiers  have  continue 
to  march  in  a  sound  sleep  ;  and  the  Author  has  been  assured  by  an  infreJ 
ligent  witness,  that  he  has  seen  a  very  accomplished  pianist  complete  i 

*  See  "Princ.  of  Comp.  Phys.,"  §§  649-654. 
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performance  of  a  piece  of  music  in  the  same  state.*    A  case  has  been 
mentioned  to  him  by  his  friend  Dr.  William  Budd,  of  a  patient  labouring 
under  the  form  of  epilepsy  in  which  there  was  simply  a  temporary  sus- 
oensionof  consciousness  without  convulsion,  who,  whenever  the  paroxysm 
•ame-on,  persisted  in  the  kind  of  movement  in  which  he  was  engaged  at 
he  moment ;  and  thus  on  one  occasion  fell  into  the  water  through  con- 
inuing  to  walk  onwards,  and  frequently  (being  a  shoemaker  by  trade) 
vounded  his  fingers  with  the  awl  in  his  hand,  by  a  repetition  of  the 
novement  by  which  he  was  endeavouring  to  pierce  the  leather.  Such 
acts  as  these  add  great  strength  to  the  probability,  that  when  the  Cere- 
H\il  power  is  not  suspended,  but  merely  directed  into  another  channel, 
i  is  in  the  states  of  Reverie  or  Abstraction,  and  the  attention  is  entirely 
irawn-off  from  the  movements  of  locomotion,  the  continuance  of  these  is 
Uie  to  the  independent  automatic  action  of  the  Spinal  Cord,  the  direction 
\  leing  given  to  them  by  the  Sensory  Ganglia.    This  point,  however,  will 
[  .e  more  fully  considered  hereafter  (§  537) ;  at  present  it  may  be  remarked, 
[  hat,  when  a  regular  train  of  movements  is  being  performed  under  such 
;  onditions,  every  single  action  may  be  probably  regarded  as  affording  the 
|;timulus  to  the  next ;  each  contact  of  the  foot  with  the  ground,  in  the 
ct  of  walking,  exciting  the  muscular  contractions  which  constitute  the 
ext  step  ;"{■  and  each  movement  of  the  musician  prompting  that  which 
tas  customarily  followed  it,  after  the  same  fashion. 

513.  Now  in  all  these  cases,  it  seems  reasonable  to  infer,  that  the  same 
ind  of  connection  between  the  excitor  and  motor  nerves  comes  to  be 
L  irmed  by  a  process  of  gradual  development,  as  originally  exists  in  the 
■  tervous  systems  of  those  animals  whose  movements  are  entirely  auto- 
1'iatic ;  this  portion  of  the  nervous  system  of  Man  being  so  constituted, 
m  5  to  grow-to  the  mode  in  which  it  is  habitually  called  into  play.  Such 
j  i  idea  is  supported  by  all  that  we  know  of  the  formation  and  persistence 
1 1  '  habits  of  nervo-muscular  action.    For  it  is  a  matter  of  universal  ex- 
h  irience  that  such  habits  are  far  more  readily  acquired  during  the  periods 
"  infancy,  childhood,  and  youth,  than  they  are  after  the  attainment  of 
Mult  age  ;  and  that,  the  earlier  they  are  acquired,  the  more  tenaciously 
e  they  retained.  Now  it  is  whilst  the  organism  is  growing  most  rapidly, 
|.  id  the  greatest  amount  of  new  tissue  is  consequently  being  formed, 
at  we  should  expect  such  new  connections  to  be  most  readily  esta- 
|  ished ;  and  it  is  then,  too,  that  the  assimilative  processes  most  readily 
I  ke-on  that  new  mode  of  action  (§  334),  which  often  becomes  so  com- 
I  etely  a  'second  nature,'  as  to  keep  up  a  certain  acquired  mode  of 
I  itrition  through  the  whole  subsequent  life.    It  is  an  additional  and 
lost  important  confirmation  of  this  view,  to  find  that  when  a  nerve- 
ink  has  been  cut -across,  the  re-establishment  of  its  conductive  power 
\  nch  takes  place  after  a  certain  interval  is  effected,  not  by  the  re-union 

In  playing  by  memory  on  a  musical  instrument,  the  muscular  sense  often  suggests 
I  ;  sequence  of  movements  with  more  certainty  tban  the  auditory  ;  and  since  the  im- 
|  ssions  derived  from  the  muscles  may  prompt  and  regulate  successional  movements, 
nout  affecting  the  consciousness,  there  iB  no  such  improbability  in  the  above  state- 
!  nt  as  might  at  first  sight  appear. 

lbe  truth  of  this  view  seems  to  the  Author  to  be  strongly  supported  by  observa- 
I  i  ot  the  mode  in  which  Infants  learn  to  walk ;  for  it  may  often  be  observed  that 
|  E  before  they  can  stand,  they  will  instinctively  perform  the  movements  of  walking, 
uey  be  so  supported  that  the  feet  touch  the  ground. 
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of  the  divided  fibres,  but  by  the  development  of  a  new  set  of  peripher 
fibres  in  the  place  of  the  old  ones  (which  undergo  a  gradual  degeneration) 
this  development  proceeding  from  the  point  of  section,  and  the  centra 
fibres  remaining  unaltered.* — That  an  actual  continuity  of  nerve-fibre 
however,  is  not  requisite  for  the  establishment  of  those  connection 
between  excitor  and  motor  nerves,  in  which  the  central  organs  take  pa 
seems  probable  from  the  fact,  that  under  particular  circumstances  w 
find  the  influence  of  such  impressions  radiating  in  every  direction,  an 
extending  to  nerves  which  they  do  not  ordinarily  affect.    Still  there  ca 
be  no  doubt  that  the  nerve-force  is  disposed  to  pass  in  special  tracks 
and  it  seems  probable  that  whilst  some  of  these  are  originally  marked 
out  for  the  automatic  movements,  others  may  be  gradually  worn-in  (so 
speak)  by  the  habitual  action  of  the  Will ;  and  that  thus,  when  a  trai 
of  sequential  actions  primarily  directed  by  the  Will  has  been  once  set 
operation,  it  may  continue  without  any  further  influence  from  that  sourc 

514.  Another  manifestation  of  the  independent  power  of  the  Sp' 
Cord,  is  seen  in  its  influence  on  ]\[uscular  Tension. — The  various  muscl 
of  the  body,  even  when  there  is  the  most  complete  absence  of  effor 
maintain  in  the  healthy  state  of  the  system  a  certain  degree  of  firmne 
by  their  antagonism  with  each  other  ;  and  if  any  set  of  muscles  be  co 
pletely  paralyzed,  the  opposing  muscles  will  draw  the  part  on  which  the 
act,  out  of  its  position  of  repose ;  as  is  well  seen  in  the  distortion  of  th 
face  which  is  characteristic  of  paralysis  of  the  facial  nerve  on  one  sid 
This  condition  has  been  designated  as  the  tone  of  the  Muscles  ;  but 
term  renders  it  liable  to  be  confounded  with  their  tonic  contraction,  win 
is  also  concerned  in  maintaining  their  firmness,  but  which  is  a  ma 
festation  of  the  simple  contractility  of  their  tissue,  and  is  exhibited  a1 
by  the  striated  and  the  non-striated  forms  of  muscular  fibre,  but  mo 
especially  by  the  latter.  On  the  other  hand,  the  condition  now  allude 
to,  which  may  perhaps  be  appropriately  termed  their  tension,  is  the  res 
of  a  moderate  though  continued  excitement  of  that  contractility,  throu 
the  nervous  centres.  It  has  been  proved  by  Dr.  M.  Hall,  that  the  M 
cular  Tension  is  dependent,  not  upon  the  influence  of  the  Brain,  b 
upon  that  of  the  Spinal  Cord  ;  as  the  following  experiments  demonstra 
— "  Two  Rabbits  were  taken  ;  from  one  the  head  was  removed ;  from 
other  also  the  head  was  removed,  and  the  spinal  marrow  was  cautio 
destroyed  with  a  sharp  instrument :  the  limbs  of  the  former  retained 
certain  degree  of  firmness  and  elasticity ;  those  of  the  second  were  pe 
fectly  lax."  Again  :  "  The  limbs  and  tail  of  a  decapitated  Turtle  possess 
a  certain  degree  of  firmness  or  tone,  recoiled  on  being  drawn  from  th 
position,  and  moved  with  energy  on  the  application  of  a  stimulus, 
withdrawing  the  spinal  marrow  gently  out  of  its  canal,  all  these  phe 
mena  ceased.  The  limbs  were  no  longer  obedient  to  stimuli,  and  bee 
perfectly  flaccid,  having  lost  all  their  resilience.  The  sphincter  lost 
circular  form  and  contracted  state,  becoming  lax,  flaccid,  and  shapele 
The  tail  was  flaccid,  and  unmoved  on  the  application  of  stimuli. "f  It 
further  remarked  by  Messrs.  Todd  and  Bowman,  that  "  a  decapitated  ft 
will  continue  in  the  sitting  posture  throiigh  the  influence  of  the  spi 

*  See  Dr.  Waller's  important  researches  on  the  Keproduction  of  Nervous  Subs 
in  Miiller's  "  Archiv,"  1852,  Heft  iv. 

+  "  Memoirs  on  the  Nervous  System,"  1837,  p.  93. 
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cord ;  but  immediately  this  organ  is  removed,  the  limbs  fall  apart." — 
This  operation  of  the  Spinal  Cord  is  doubtless  but  a  peculiar  manifestation 
of  its  ordinary  reflex  function.  A  curious  experiment  by  M.  Brown- 
Sequard*  shows  that  this  effect  is  not  due  to  loss  of  contractility  in  the 
muscles ;  for  although,  after  division  of  the  Spinal  Cord,  there  is  a  tem- 
porary diminution  in  their  power,  after  a  short  interval  the  muscles  when 
stimulated  to  contract  will  not  only  raise  an  equal  but  even  a  greater 
weight  than  before,  the  effect  lasting  in  healthy  frogs  for  24  hours  or 
more.  Thus,  two  Frogs,  A  and  B,  had  weights  fastened  to  the  hind-legs 
until  they  were  unable  to  raise  them  ;  the  weighting  amounted  in  each  case 
to  925  grains.  Immediately  after  division  of  the  Cord  they  were  able 
to  raise — 


5  min. 
after. 

15  min. 
after 

25  min. 
after. 

1  hour 
after. 

2  hours 
after. 

4  hours 
after. 

24  hours 
after. 

48  hours 
after. 

A,  308  grains 

B,  154  grains 

694 
463 

925 
617 

1223 
925 

 _ 

2003 
1540 

2160 
1851 

2160 
2003 

2314 
2160 

2314 
2160 

We  shall  hereafter  see  how  much  the  influence  of  the  Will  in  producing 
the  active  contraction  of  a  muscle,  is  dependent  upon  sensations  received 
from  it ;  and  it  seems  highly  probable  that  the  impression  of  the  state  of 
the  muscle,  conveyed  by  the  afferent  fibres  proceeding  from  it  to  the 
spinal  cord,  is  sufficient  to  excite  this  state  of  moderate  tension  through 
the  motor  nerves  arising  from  the  latter.  Such  a  view  derives  probability 
from  the  fact,  which  must  have  fallen  under  the  observation  of  almost 
every  one,  that  most  reflex  actions  become  increased  in  energy,  if  resis- 
tance be  made  to  them.   Of  this  we  have  familiar  examples  in  the  action 
)f  the  expulsor  muscles  which  operate  in  defecation,  urination,  and 
arturition,  if,  when  they  are  strongly  excited,  their  efforts  be  opposed, 
w  spasmodic  contraction  of  the  sphincters,  or  by  mechanical  means. 
Many  forms  of  convulsive  movement  exhibit  the  same  tendency,  their 
iolence  being  proportional  to  the  mechanical  force  used  to  restrain  them, 
fere  it  is  evident  that  the  impression  of  resistance  conveyed  to  the  Spinal 
^ord  is  the  source  of  the  increased  energy  of  its  motor  influence ;  from 
vhicli  we  may  fairly  infer  that  the  moderate  resistance  occasioned  by  the 
latural  antagonism  of  the  muscles,  is  the  source  of  their  continued  and 
loderate  tension,  whilst  they  are  under  the  influence  of  the  Spinal  Cord. 
'  his  constant  though  gentle  action  serves  to  keep-up  the  nutrition  of  the 
|  mscles  which  are  paralyzed  to  the  will ;  and  this  is  still  more  com- 
■letely  maintained,  if  the  portion  of  the  nervous  centres  with  which  they 
emain  connected  be  so  unduly  irritable,  that  the  muscles  are  called  into 
contraction  upon  the  slightest  excitation,  and  are  thus  continually  exhi- 
Uing  twitchings,  startings,  or  more  powerful  convulsive  movements.  It 
I !  uPon  the  continuance  of  the  nutrition  of  the  muscles,  that  the  per- 
l  stence  of  their  contractility  depends ;  and  hence  the  Spinal  Cord  has  an 
I  ldirect  influence  upon  this  peculiar  property,  which  is  more  likely  to  be 
[  3taiued  when  the  muscle  is  still  subject  to  the  influence  of  the  Spinal  Cord, 
tough  cut-off  from  that  of  the  Brain,  than  when  it  is  completely  para- 
;zed  by  the  entire  severance  of  its  connection  with  the  nervous  centres. 


*  "  Comptes  Rondiis,"  1847. 
Q  Q 
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3.  Of  the  Sensory  Ganglia  and  their  Functions. — Consensual  Movements 
515.  At  the  base  of  the  Brain  in  Man,  concealed  by  the  Cerebral 
Hemispheres,  but  still  readily  distinguishable  from  them,  we  find  the 
series  of  ganglionic  masses  which  have  been  already  mentioned  as  being 
in  direct  connection  with  the  nerves  of  Sensation,  and  which  appear  to 
have  functions  quite  independent  of  those  of  the  other  components  of  the 
Encephalon.    These  are  the  Olfactory  and  Optic  ganglia  (Corpora  Qua- 
drigemina),  with  the  Auditory  and  Gustatory  centres  contained  in  the 
Medulla  Oblongata.    The  structure  of  the  Corpora  Quadrigemina  has 
been  shown  by  Mr.  Lockhart  Clarke*  to  consist  of  nerve  cells  together 
with  oblique,  transverse,  and  longitudinal  nerve-fibres  resting  on  an 
arched  transparent  lamina,  which  forms  the  roof  of  the  Sylvian  Aque- 
duct.   A  large  proportion  of  the  Optic  tract  is  connected  with  the 
nates. — But  besides  these,  at  the  base  of  the  Cerebral  Hemispheres,  we 
find  two  other  large  ganglionic  masses  on  either  side,  through  which 
nearly  all  the  fibres  appear  to  pass  that  connect  the  Hemispheres  with 
the  Medulla  Oblongata :  namely,  the  Thalami  Optici,  and  the  Corpora 
Striata.    Now,  although  these  are  commonly  regarded  in  the  light  of 
appendages  merely  to  the  Cerebral  Hemispheres,  it  is  evident  from  the 
large  quantity  of  vesicular  matter  they  contain,  that  they  must  rank  as 
independent  ganglionic  centres ;  and  this  view  is  supported  alike  by  the 
evidence  of  Comparative  Anatomy,  and'  by  that  afforded  by  the  history  of 
Development.    For  it  is  certain  that  the  size  of  the  Thalami  Optici  and 
Corpora  Striata  presents  no  more  relation,  in  different  tribes  of  animals, 
to  that  of  the  Cerebrum,  than  does  that  of  the  ganglia  of  Special  Sense; 
and  they  may  even  present  a  considerable  development,  when  the  condi- 
tion of  the  Cerebrum  is  quite  rudimentary.  Thus  in  the  Osseous  Fishes, 
a  careful  examination  of  the  relations  of  the  body  which  is  known  as  the 
Optic  lobe  (Fig.  144,  c)  makes  it  apparent  that  this  is  the  representative, 
not  merely  of  the  proper  Optic  ganglion  of  Man,  but  also  of  the  Thalamus 
Opticus  ;  whilst,  again,  the  mass  which  is  designated  as  the  Cerebral  lobe 
(b)  is  chiefly  homologous  with  the  Corpus  Striatum  of  higher  animals. 
The  nature  of  the  latter  body  is  made  apparent,  in  the  higher  Cartila- 
ginous Fishes,  by  the  presence  of  a  ventricle  in  its  interior ;  the  floor 
of  this  cavity  being  formed  by  the  Corpus  Striatum,  whilst  the  thin 
layer  of  nervous  matter  which  forms  its  roof  is  the  only  representative 
of  the  Cerebral  hemisphere.    So  in  the  Human  embryo  of  the  6th  week, 
we  find  a  distinct  vesicle  for  the  Thalami  Optici,  interposed  between  the 
vesicle  of  the  Corpora  Quadrigemina  and  that  which  gives  origin  to  the 
Cerebral  Hemispheres ;  whilst  the  Corpora  Striata  constitute  the  floor 
of  the  cavity  or  ventricle  which  exists  in  the  latter,  this  being  as  yet 
of  comparatively   small  dimensions. — Now,   as   already  pointed-outj 
(§  489),  we  may  distinguish  in  the  Medulla  Oblongata  and  Crural 
Cerebri,  a  sensory  and  a  motor  tract,  by  the  endowments  of  the  nervesi 
which  issue  from  them.    The  sensory  tract  may  be  traced  upwards,! 
until  it  almost  entirely  spreads  itself  through  the  substance  of  thel 
Thalamus.     Moreover,  the  Optic  nerves  and  the  peduncles  of  tnel 
Olfactory  may  be  shown  to  have  a  distinct  connection  with  the  Thalannj 
the  former  by  the  direct  passage  of  a  portion  of  their  roots  into  tnesa 
*  "  Proceedings  of  the  Royal  Society,"  June  20,  1861. 
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angliaj  and  the  latter  through  the  medium  of  the  Fornix.  Hence  we 
iay  fairly  regard  the  Thalami  Optici  as  the  chief  focus  of  the  Sensory 
erves,  and  more  especially  as  the  ganglionic  centre  of  the  nerves  of 
omvion  sensation,  which  ascend  to  it  from  the  Medulla  Oblongata  and 
pinal  Cord. — On  the  other  hand,  the  Corpora  Striata  are  implanted  on 
ie  Motor  tract  of  the  Crura  Cerebri,  which  descend  into  the  Pyramidal 
alumns ;  and  their  relation  to  the  fibres  of  which  that  tract  is  composed, 
ppears  to  be  essentially  the  same  as  that  which  the  Thalami  bear  to  the 
jnsory  tract. — The  Corpora  Striata  are  connected  with  each  other,  on 
tie  median  plane,  by  the  anterior  commissure ;  and  the  Thalami  Optici, 
y  the  soft  and  the  posterior  commissures.  The  Corpus  Striatum  and 
'halamus  Opticus  of  the  same  side  are  very  closely  connected  by  com- 
lissural  fibres,  stretching  from  one  to  the  other ;  and,  if  the  preceding 
:count  of  the  respective  offices  of  these  bodies  be  correct,  they  may  "be 
yarded  as  having  much  the  same  relation  to  each  other,  as  that  which 
<ists  between  the  posterior  and  anterior  peaks  of  vesicular  matter  in 
ie  Spinal  Cord;*  the  latter  issuing  motor  impulses  in  respondence  to 
insations  excited  through  the  former.  They  are  also  intimately  con- 
noted with  other  ganglionic  masses  in  their  neighbourhood,  such  as  the 
ocus  niger,'  and  the  vesicular  matter  of  the  '  tuber  annulare  ;'  which, 
jain,  are  in  close  relation  with  the  vesicular  matter  of  the  Medulla 
blongata. 

516.  It  has  been  commonly  supposed  that  the  fibres  of  the  Crura 
-erebri,  after  entering  the  Corpora  Striata  and  Thalami  Optici,  pass 
I  mtinuously  through  these  bodies,  receiving  '  reinforcements'  of  addi- 
i  mal  fibres  from  their  ganglionic  matter  ;  and  that  they  then  radiate 
r  the  internal  surface  of  the  grey  matter  of  the  Cerebral  Hemispheres, 
ich  would  certainly  be  the  conclusion  to  which  a  superficial  examina- 
..m  of  their  course  would  lead.  But  very  strong  reasons  have  recently 
ben  advanced  for  the  belief,  that  the  fibres  of  the  Crura  Cerebri  for  the 
|sost  part,  if  not  entirely,  terminate  in  the  vesicular  substance  of  the 
j"  -rpora  Striata  and  Thalami  Optici ;  and  that  the  radiating  fibres  of 
|  e  Hemispheres  take  a  fresh  departure  from  these  ganglia,  serving,  in 
[  )t,  the  part  of  commissures  to  connect  their  vesicular  substance  with 
rat  of  the  Cerebral  ganglia,  f  And  this  view,  as  we  shall  hereafter  see, 
1.  in  complete  accordance  with  the  existence  of  a  very  decided  physiolo- 
I  '.al  separation  between  these  two  sets  of  organs. — Altogether  it  is 
I  ry  evident,  that  a  series  of  true  ganglionic  centres  exists  at  the  base 
I  the  Encephalon,  which  are  really  as  distinct  from  either  the  Cerebrum 
I  Cerebellum  as  the  latter  are  from  each  other ;  and  as  these  centres 
I  i  in  immediate  connection  with  the  nerves  both  of  special  and  of  general 
•nse,  they  may  be  appropriately  designated  the  Sensory  Ganglia. — An 
;  piiry  into  the  distribution  and  endowments  of  their  nerves  will  assist 
|  in  the  determination  of  the  functions  of  the  central  organs  in  which 
I  iy  terminate. 

I  517.  Nerves  of  Special  Sense. — Through  the  First  pair,  or  Olfactory 
\  've,  are  transmitted  the  impressions  made  by  odorous  emanations 

kit'  This  was  first  pointed-out  by  Messrs.  Todd  and  Bowman,  in  their  "  Physiological 
I  atomy,"  vol.  i.  pp.  347-350. 

I"  See  especially  Messrs.  Todd  and  Bowman's  "Physiological  Anatomy,"  vol.  i. 
I  *77 ;  and  Prof.  Kblliker's  "  Mikroskopische  Anatomie,"  Bd.  ii.  §  118. 

Q  Q  2 
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upon  the  surface  it  supplies ;  and  it  is  not  susceptible  to  impressions  of 
any  other  kind.    Anatomical  examination  of  the  distribution  of  this 
nerve  proves  that  it  is  not  one  ■which  directly  conveys  motor  influence 
to  any  muscles,  since  all  its  branches  are  distributed  to  the  membrane 
lining  the  nasal  cavity ;  and  experimental  inquiry  leads  to  the  same 
result,   for  no  irritation  of  the  peduncles  or  branches  excites  any 
muscular  movement.    Further,  no  irritation  of  any  part  of  this  nerve 
excites    reflex  actions   through    other  nerves.      Again,   it  is  not  a 
nerve  of  '  common'  sensation ;    for  animals  exhibit  no  signs  of  pain 
when  it  is  subjected  to  any  kind   of  irritation.     Neither  the  divi- 
sion of  the  nerve,  nor  the  destruction  of  the  olfactive  ganglia,  seems 
to  inconvenience  them  materially.    They  take  their  food,  move  with 
their   accustomed  agility,  and  exhibit  the  usual  appetites  of  their 
kind.    The  'common'  sensibility  of  the  parts  contained  in  the  olfac- 
tive organ  is  in  no  degree  impaired,  as  is  shown  by  the  effect  of 
irritating  vapours ;  but  the  animals  are  destitute  of  the  sense  of  smell, 
as  is  shown  by  the  way  in  which  these  vapours  affect  them ;  for  at  first 
they  appear  indifferent  to  their  presence,  and  then  suddenly  and  vehe- 
mently avoid  them  as  soon  as  the  Schneiderian  membrane  becomes  irri- 
tated.   Moreover,  if  two  dogs,  with  the  eyes  bandaged,  one  having  the 
olfactory  nerves  and  ganglia  sound,  and  the  other  having  had  them 
destroyed,  are  brought  into  the  neighbourhood  of  the  dead  body  of  an 
animal,  the  former  will  examine  it  by  its  smell;  whilst  the  latter,  even 
if  he  touches  it,  pays  no  attention  to  it.    This  experiment  Valentin* 
states  that  he  has  repeated  several  times,  and  always  with  the  same 
results.    Further,  common  observation  shows  that  sensibility  to  irritants, 
such  as  snuff,  and  acuteness  of  smell,  bear  no  constant  proportion  to  one 
another  ;  and  there  is  ample  pathological  evidence,  that  the  want  of  this 
sense  is  connected  with  some  morbid  condition  of  the  olfactory  nerves 
or  ganglia. — It  is  well  known  that  Magendie  has  maintained,  that  the 
Fifth  pair  in  some  way  furnishes  conditions  requisite  for  the  exercise 
of  the  power  of  smell ;  asserting  that,  when  it  is  cut,  the  animal  is  de 
prived  of  this  sense.    But  his  experiments  were  made  with  irritating  I 
vapours,  which  excite  sternutation  or  other  violent  muscular  actions, 
not  through  the  Olfactory  nerve,  but  through  the  Fifth  pair ;  and  the 
experiments  of  Valentin,  just  related,  fully  prove  that  the  animals  are 
not  sensitive  to  odours,  strictly  so  called,  after  the  Olfactory  nerve  has 
been  divided.    The  acuteness  of  the  true  sense  of  smell  is  lessened  by 
section  of  the  Fifth  pair ;  but  this  is  because  the  Schneiderian  membrane 
is  then  no  longer  duly  moistened  by  its  proper  secretion,  and  when 
dry  it  is  less  susceptible  of  the  impressions  made  by  those  minute  par- 
ticles of  odoriferous  substances,  to  which  the  excitement  of  the  sensation 
must  be  referred. 

518.  That  the  Second  pair,  or  Optic  nerve,  has  an  analogous  character, 
appears  alike  from  anatomical  and  experimental  evidence.  No  chemical 
or  mechanical  stimulus  of  the  trunk  produces  direct  muscular  motion , 
nor  does  it  give  rise,  so  far  as  can  be  ascertained,  to  indications  of  pain, 
whence  it  may  be  concluded  that  this  nerve  is  not  one  of  '  common  sp" 
sation.  That  the  ordinary  sensibility  of  the  eyeball  remains,  when  1 
functions  of  the  Optic  nerve  are  completely  destroyed,  is  well  known  : 
*  "  De  Functionibus  Nervorum  Cerebralium,"  &c,  Beoias,  1839. 
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-is  also  the  fact,  that  division  of  it  puts  an  end  to  the  power  of  vision. 
Valentin  states  that,  although  the  Optic  nerve  may,  like  other  nerves,  be 
in  appearance  completely  regenerated,  he  has  never  been  able  to  obtain 
any  evidence  that  the  power  of  sight  has  been  in  the  least  degree  reco- 
vered.   He  remarks  that  animals  suddenly  made  blind  exhibit  great 
mental  disturbance,  and  perform  many  unaccustomed  movements ;  and 
ihat  the  complete  absence  of  the  power  of  vision  is  easily  ascertained. 
.Morbid  changes  are  sometimes  observed  to  take  place  in  eyes  whose 
Optic  nerve  has  been  divided ;  but  these  are  by  no  means  so  constant 
)r  so  extensive,  as  when  the  Fifth  pair  is  paralyzed ;  and  they  may  not 
mprobably  be  attributed  to  the  injury  occasioned  by  the  operation  itself, 
,o  the  parts  within  the  orbit. 

519.  The  Optic  nerve,  though  analogous  to  the  Olfactory  in  all  the 
joints  hitherto  mentioned,  differs  from  it  in  one  important  respect ; — that 
,  t  has  the  power  of  conveying  impressions  which  excite  reflex  muscular 
s  notions.    This  is  especially  the  case  in  regard  to  the  Iris,  the  ordinary 
kctions  of  which  are  regulated  by  the  degree  of  light  impinging  on  the 
I  etina.   When  the  Optic  nerve  is  divided,  contraction  of  the  pupil  takes 
l  >lace ;  but  this  does  not  occur,  if  the  connection  of  this  nerve  with  the 
[.  hird  pair,  through  the  nervous  centres,  be  in  any  way  interrupted.  After 
uch  division  (if  complete),  the  state  of  the  pupil  is  not  affected  by  varia- 
I  ions  in  the  degree  of  light  impinging  on  the  retina  ;  except  in  particular 
ases,  in  which  it  is  influenced  through  other  channels.    Thus,  in  a 
atient  suffering  under  amaurosis  of  one  eye,  the  pupil  of  the  affected  eye  is 
it-ften  found  to  vary  in  size,  in  accordance  with  that  of  the  other  eye  ;  but 
lis  effect  is  due  to  the  action  of  light  on  the  retina  of  the  sound  eye, 
ii/hich  produces  a  motor  change  in  the  third  pair  on  both  sides.  Further, 
■1-3  already  shown  (§  510),  the  impression  only  of  light  upon  the  retina  may 
I  ive  rise  to  contraction  of  the  pupil,  by  reflex  action,  when  the  Optic 
Irerve  is  itself  sound  ;  whilst  no  sensations  are  received  through  the  eye, 
J.  i  consequence  of  disease  in  the  sensorial  portion  of  the  nervous  centres. 
.  I;  lthough  the  contraction  of  the  pupil  is  effected  by  the  influence  of  motor 
jjtbres,  which  proceed  to  the  sphincter  of  the  Iris  from  the  third  pair  of 
i-erves,  through  the  Ophthalmic  ganglion,  its   dilatation  (as  we  shall 
r  5reafter  see)  depends  upon  the  influence  it  derives  from  the  Sympa- 
thetic system,  of  which  that  ganglion  forms  part. — Besides  the  contraction 
the  pupil,  another  action  of  a  1  reflex'  character  is  produced  through 
I  ie  Optic  nerve ;  namely,  the  contraction  of  the  Orbicularis  muscle  under 
I  e  influence  of  strong  light,  or  when  a  foreign  body  is  suddenly  brought 
1  Jar  the  eye.    But  this  cannot  be  excited  without  a  consciousness  of  the 
I  sual  impression ;  in  fact,  it  is  a  movement  of  a  '  consensual'  kind,  pro- 
I  iced  by  the  painful  sensation  of  light,  which  gives  rise  to  the  condition 
I  ell  characterized  by  the  term  photophobia.  The  involuntary  character  of 
I  must  be  evident  to  every  one  who  has  been  engaged  in  the  treatment 
i  diseases  of  the  eyes ;  and  the  effect  of  it  is  aided  by  a  similarly -invo- 
i  ntary  movement  of  the  eyeball  itself,  which  is  rotated  upwards  and  in- 
1  irds,  to  a  greater  extent  than  the  Will  appears  able  to  effect. — Another 
I  Hex  movement  excited  through  the  visual  sense,  is  that  of  Sneezing, 
^ch  is  induced  in  many  individuals  by  the  sudden  exposure  of  the  eyea 
a  strong  light :  of  the  purely  automatic  character  of  this  movement 
j  ere  can  be  no  question,  since  it  cannot  be  imitated  voluntarily  ;  and 
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that  it  is  not  excito-motor,  is  proved  by  the  fact  that  it  is  not  excited 
unless  the  light  be  seen.* 

520.  There  is  a  further  peculiarity,  of  a  very  marked  kind,  attending 
the  course  of  the  Optic  nerves ;  this  is  the  crossing  or  '  decussation'  which 
they  undergo  more  or  less  completely,  whilst  passing  between  their  ganglia 
and  the  eyes.  In  some  of  the  lower  animals,  in  which  the  two  eyes  (from 
their  lateral  position)  have  entirely  different  spheres  of  vision,  the  decus- 
sation is  complete  ;  the  whole  of  the  fibres  from  the  right  optic  ganglion 
passing  into  the  left  eye,  and  vice  versd.  This  is  the  case,  for  example, 
with  most  of  the  Osseous  Fishes  (as  the  cod,  halibut,  &c.) ;  and  also,  in 
great  part  at  least,  with  Birds. j"  In  the  Human  subject,  however,  and  in 
animals  which,  like  him,  have  the  axes  of  both  eyes  directed  to  the  same 
object,  the  decussation  seems  less  complete  ;  but  there  is  a  very  remark-j 
able  arrangement  of  the  fibres,  which  seems  destined  to  bring  the  two  eyes 
into  peculiarly  consentaneous  action.  The  posterior  border  of  the  Optic 
Chiasma  is  formed  exclusively  of  commissural  fibres,  which  pass  from  one] 
optic  ganglion  to  the  other,  without  entering  the  real  optic  nerve.  Again, 
the  anterior  border  of  the  Chiasma  is  composed  of  fibres,  which  seem,  inj 
like  manner,  to  act  as  a  commissure  between  the  two  retinm ;  passing  from! 
one  to  the  other,  without  any  connection  with  the  optic  ganglia.  Thel 
tract  Avhich  lies  between  the  two  borders,  and  occupies  the  middle  of  thel 
Chiasma,  is  the  true  Optic  Nerve  ;  and  in  this  it  would  appear  that  a  por-l 
tion  of  the  fibres  decussates,  whilst  another  portion  passes  directly  fronJ 
each  Optic  ganglion  into  the  corresponding  eye.  The  fibres  which  proceecfl 
from  the  ganglia  to  the  retinae,  and  constitute  the  proper  Optic  Nerves! 
may  be  distinguished  into  an  internal  and  an  external  tract.  Of  these  thJ 
external,  on  each  side,  passes  directly  onwards  to  the  eye  of  that  side  I 
whilst  the  internal  crosses  over  to  the  eye  of  the  opposite  side.  The  disl 
tribution  of  these  two  sets  of  fibres  in  the  retina  of  each  eye  respectively! 
is  such  that,  according  to  Mr.  Mayo,  the  fibres  from  either  optic  gangliom 
will  be  distributed  to  its  own  side  of  both  eyes  ;  J  the  right  optic  ganglioJj 
being  thus  exclusively  connected  with  the  outer  part  of  the  retina  of  thu 
right  eye,  and  with  the  inner  part  of  the  retina  of  the  left ;  whilst  the  lenj 
optic  ganglion  is  connected  exclusively  with  the  outer  side  of  the  leal 
retina,  and  with  the  inner  side  of  the  right.  Now  as  either  side  of  the  eyll 
receives  the  images  of  objects  which  are  on  the  other  side  of  its  axis,  ith 
follows,  if  this  account  of  the  distribution  of  the  nerves  be  correct,  that 
Man,  as  in  the  lower  animals,  each  ganglion  receives  the  impressions  afc 
objects  situated  on  the  opposite  side  of  the  body.  The  purpose  of  this  del  (  i 
cussation  may  be,  to  bring  the  visual  impressions,  which_are  so  importaift) 

*  A  patient  was  for  some  time  in  the  London  Hospital,  in  -whom  there  was  such  4fl 
undue  impressibility  of  the  retina,  that  she  could  not  remain  in  even  a  moderate  IiglpJ 
without  a  continual  repetition  of  the  act  of  Sneezing. 
T  See  Solly  on  "  The  Human  Brain,"  2nd  edit.,  p.  288.  11 
j  This  arrangement  was  first  hypothetically  suggested  by  Dr.  Wollaston  (  /mlfl 
Trans.,"  1824),  as  facilitating  the  explanation  of  some  of  the  phenomena  of  vision,  aapj 
more  particularly  single  vision  with  two  eyes.    We  shall  hereafter  see,  however,  tuM 
the  singleness  of  the  impression  resulting  from  the  formation  of  two  pictures  upon  oin 
retinre,  is  not  attributable  to  any  such  anatomical  arrangement,  their  combinati|-t 
being  a  mental  process,  and  the  fusion  of  two  dissimilar  pictures  being  requisite  I 
enable  us  to  exercise  one  of  the  highest  attributes  of  the  visual  sense,  the  percept  im 
of  projection.    (See  chap.  xvii.  Sect.  5.) 
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in  directing  the  movements  of  the  body,  into  proper  harmony  with  the 
motor  apparatus  ;  so  that  the  decussation  of  the  motor  fibres  in  the  pyra- 
mids being  accompanied  by  a  decussation  of  the  optic  nerves,  the  same 
effect  is  produced  as  if  neither  decussated, — which  last  is  the  case  with 
Invertebrated  animals  in  general.  The  view  above  stated  has  received 
important  corroboration  from  the  interesting  observation  of  Mr.  Towne, 
that  a  blending  of  two  colours  occurs  if  their  images  are  simultaneously 
presented  to  the  inner  side  of  one  retina  and  the  outer  side  of  the  other 
retina,  but  not  otherwise.* 

521.  The  functions  of  the  Auditory  nerve,  or  Portio  Mollis  of  the  7th, 
are  easily  determined,  by  anatomical  examination  of  its  distribution,  and 
by  observation  of  pathological  phenomena,  to  be  analogous  to  those  of 
the  two  preceding.    Atrophy  or  lesion  of  the  trunk  destroys  the  sense  of 
Hearing ;  whilst  irritation  of  it  produces  auditory  sensations,  but  does 
not  occasion  pain.    From  experiments  made  upon  the  nerve  before  it 
leaves  the  cranial  cavity,  it  appears  satisfactorily  ascertained  that  this 
nerve  is  not  endowed  either  with  common  sensibility  or  with  the  power 
of  directly  stimulating  muscular  movement.    Nor  can  any  obvious  reflex 
ictions  be  executed  by  irritation  of  this  nerve ;  but  it  seems  never- 
theless by  no  means  improbable,  that  the  muscles  which  regulate  the 
ension  of  the  Tympanum  are  called  into  action  by  impressions  made 
lpon  it  and  reflected  through  the  auditory  ganglion,  in  the  same  manner 
is  the  diameter  of  the  pupil  is  regulated  through  the  optic  nerve.  In 
he  involuntary  start,  however,  which  is  occasioned  by  a  loud  and 
Hidden  sound,  we  have  an  example  of  a  consensual  movement  excited 
hrough  the  Auditory  nerve,  which  is  evidently  analogous  to  the  closure 
r  if  the  eyes  to  a  strong  light.    In  certain  morbidly-impressible  states 
f  the  nervous  system,  as  will  be  presently  shown  (§  535),  the  effect  of 
|  ounds  on  the  motor  apparatus  is  far  more  remarkable. — It  has  been 
I  ttempted  by  Flourens  to  show,  that  the  division  of  the  Auditory  nerve 
duch  proceeds  to  the  Semicircular  canals,  has  functions  altogether 
li  ifferent  from  that  portion  which  supplies  the  Vestibule  and  Cochlea. 
I  .his  inference,  however,  is  grounded  only  upon  the  movements  exhi- 
\  ited  by  animals  in  which  these  nerves  are  irritated ;  which  movements 
|  re  capable  of  a  different  explanation  (§  528). 

,    522.  The  nerves  which  minister  to  the  sense  of  Taste  are  destitute  of 
I  ie  peculiarities  which  distinguish  the  preceding ;  being  no  other  than 
;rtain  brandies  of  ordinary  afferent  nerves, — the  Fifth  Pair  and  Glosso- 
\  (laryngeal  (§  480)— the  pecul  iar  endowments  of  which  seem  to  depend 
I  ither  upon  the  structure  and  actions  of  the  papilla?  at  their  peripheral 
f  toemities,  than  upon  anything  special  in  their  own  character ;  for,  as 
the  case  of  the  ordinary  nerves  of  1  common'  sensation,  mechanical 
I  ritation  applied  to  them  calls-forth  indications  of  pain. — From  the  ob- 
!  rvations  and  experiments  of  M.  CI.  Bernard,f  it  appears  that  the 
I  icial  nerve  (portio  dura  of  the  7th)  supplies  some  condition  requisite 
"  the  sense  of  Taste,  through  the  branch  known  as  the  Chorda 
mpani,  which  is  the  motor  nerve  of  the  Lingualis  muscle  and  Sub- 

'  Hr  additional  facts  bearing  on  this  subject,  see  the  observations  of  Mr.  Towne 
«M  Stereoscope  and  Stereoscopic  Kesults,'  in  "  Guy's  Hospital  licports"  for  1862, 
A  and  1863,  p.  103.  * 

Archives  Generates  de  Mcdecinc,"  1844. 
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maxillary  gland  (§99).    When  paralysis  of  the  Facial  exists  in  Man,  j 
the  sense  of  taste  is  very  much  impaired  on  the  corresponding  side  of 
the  tongue,  provided  that  the  cause  of  the  paralysis  be  seated  above  the 
origin  of  the  Chorda  Tympani  from  its  trunk.    Similar  results  have 
been  obtained  from  experiments  upon  other  animals.    The  effect  may  j 
possibly  be  attributable  to  the  secretion  of  Saliva  being  interfered  with. 

523.  Nerves  of  Common  Sensation. — To  the  sense  of  Touch  all  thel 
afferent  nerves  of  the  body  (save  the  nerves  of  special  sense)  appear  to  j 
minister;  in  virtue — according  to  the  doctrine  already  propounded! 
(§  486) — of  the  direct  connection  of  certain  of  their  fibrils  with  theji 
Sensorium  commune.  But  the  degree  in  which  they  are  capable  of  pro-| 
ducing  Sensations  does  not  bear  any  constant  relation  to  their  power  off 
exciting  reflex  actions.  Thus,  the  Glosso-pharyngeal  is  not  nearly  sol 
sensitive  as  the  Fifth  pair ;  though  more  powerful  as  an  excitor  nerve.l 
The  Par  Vagum  appears  to  have  even  less  power  of  arousing  sensory! 
changes ;  although  it  is  the  most  important  of  all  the  excitors  to  reflexl 
action.  So  again,  the  afferent  nerves  of  the  inferior  extremities,  ini 
Man,  are  less  concerned  in  ministering  to  sensations,  than  are  those  ofl 
the  superior ;  and  yet  they  appear  to  be  much  more  efficient  as  txcitoral 
to  muscular  movement. — These  differences  may  be  accounted-for,  byB 
supposing  that  the  proportion  which  ,  the  fibres  having  their  centre  injj 
the  ganglionic  matter  of  the  Spinal  Cord,  bears  to  that  of  the  fibreJj 
which  pass  on  to  the  Sensorium,  is  not  constant,  but  is  liable  to  varia-H 
tion  in  different  nerves  ;  the  former  predominating  in  the  Par  VagumH 
and  the  Glosso-pharyngeal,  whilst  the  latter  are  more  numerous  in  thajj 
Fifth  Pair,  and  in  most  of  the  Spinal  nerves. 

524.  Motor  Nerves. — No  motor  nerves  issue  from  the  Sensory  Ganglia™ 
with  the  same  directness  that  afferent  nerves  proceed  towards  themij; 
but  the  reflex  actions  of  these  centres  find  a  ready  channel  in  the  motoJIi 
nerves  of  the  Cranio-Spinal  axis  generally.     For,  as  we  have  seeifl 
(§  515),  the  motor  tract  of  the  Crura  Cerebri,  which  is  in  connectioijx. 
with  the  motor  Encephalic  nerves,  and  also  (through  the  vesicular  sub*  ■ 
stance  of  the  Spinal  Cord)  with  the  anterior  roots  of  the  Spinal  nervesE* 
passes-up  into  the  Corpora  Striata  and  Corpora  Quadrigemina.  AlthougrJ . 
the  direct  connection  of  the  other  ganglia  of  Special  Sense  with  tha 
Motor  columns  is  at  present  a  matter  of  presumption  only,  yet  this  prej 
sumption  is  strongly  supported  by  the  analogy  of  the  Optic  ganglia;  thj 
distinctness  of  this  connection  in  their  case  being  easily  accounted-foij 
when  it  is  remembered  in  how  great  a  degree  the  general  movements  ol  i 
the  body  are  guided  by  the  visual  sense. 

525.  Functions  of  the  Sensory  Ganglia. — We  have  now  to  considel 
what  deductions  may  be  drawn  with  regard  to  the  functions  of  thj. 
Sensory  Ganglia  in  Man,  from  the   facts  supplied   by  Comparative 
Anatomy,  by  Experimental  inquiry,  and  by  Pathological  phenomenal 
The  determination  of  these  functions  may  seem  to  be  the  more  difficult • 
as  it  is  impossible  to  make  any  satisfactory  experiments  upon  the  ganj 
glionic  centres  in  question,  by  isolating  them  completely  from  tiji; 
Cerebral  Hemispheres  above,  and  from  the  Medulla  Oblongata  anj  i 
Spinal  Cord  below.     But  the  evidence   derived  from  Comparatr>1  . 
Anatomy  appears  to  be  in  this  case  particularly  clear ;  and,  rightly  coij 
sidered,  affords  us  nearly  all  the  information  we  require.    In  the  serifj  6 
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of  "  experiments  prepared  for  us  by  nature,"  which  is  presented  to  us  in 
the  descending  scale  of  animal  life,  we  witness  the  effects  of  the  gradual 
change  in  the  relative  development  of  the  Sensory  ganglia  and  Cerebral 
hemispheres,  which  are  presented  to  us  in  descending  through  the 
Vertebrated  scale ;  and  the  results  of  the  entire  withdrawal  of  the 
latter,  and  of  the  sole  operation  of  the  former,  which  are  exhibited  in 
the  higher  Invertebrata  (see  §§  448,  451).* — Thus  we  are  led  by  the 
very  cogent  evidence  which  Comparative  Anatomy  supplies,  to  regard 
this  series  of  Ganglionic  centres  as  constituting  the  real  Sensonum  ;  each 
ganglion  having  the  power  of  rendering  the  Mind  conscious  of  the  im- 
pressions derived  from  the  organ  with  which  it  is  connected.  If  this 
position  be  denied,  we  must  either  refuse  the  attribute  of  consciousness 
to  such  animals  as  possess  no  other  Encephalic  centres  than  these ;  or 
we  must  believe  that  the  addition  of  the  Cerebral  hemispheres,  in  the 
Vertebrated  series,  alters  the  endowments  of  the  Sensory  ganglia, — an 
idea  which  is  contrary  to  all  analogy. 

526.  So  far  as  the  results  of  Experiments  can  be  relied-on,  they 
afford  a  corroboration  of  this  view.  The  degree  in  which  animals  high 
in  the  scale  of  organization  can  perform  the  functions  of  life,  without  any 
other  centres  of  action  than  the  Ganglia  of  Special  sense,  the  Medulla 
Oblongata,  and  the  Cerebellum,  appears  extraordinary  to  those  who  are 
accustomed  to  regard  the  Cerebral  Hemispheres  as  the  centre  of  all 
energy.  From  the  experiments  of  Flourens,f  Hertwig,J  Magendie,§ 
Longet,||  and  others,  it  appears  that  not  only  Reptiles,  but  Birds  and 
Mammals,  may  survive  for  many  weeks  or  even  months  (if  their  physical 
wants  be  duly  supplied)  after  the  removal  of  the  entire  Cerebrum.  It 
is  difficult  to  substantiate  the  existence  in  them  of  actual  sensation ;  but 
some  of  their  movements  appear  to  be  of  a  higher  kind  than  those  re- 
sulting from  mere  excito-motor  action.  One  of  the  most  remarkable 
phenomena  exhibited  by  such  a  being,  is  the  power  of  maintaining  its 
equilibrium,  which  could  scarcely  exist  without  consciousness.  If  it  be 
laid  upon  the  back,  it  rises  again;  if  pushed,  it  walks.  If  a  Bird  thus 
mutilated  be  thrown  into  the  air,  it  flies ;  if  a  Frog  be  touched,  it  leaps. 
It  swallows  food  and  liquid,  when  they  are  placed  in  its  mouth ;  and  the 
digestive  operations,  the  acts  of  excretion,  &c,  take  place  as  usual.  In 
the  case  of  a  Pigeon  experimented  on  by  Malacorps,  which  is  recorded 
by  Magendie,  there  appears  sufficient  proof  of  the  persistence  of  a  certain 
amount  of  sensation.  Although  the  animal  was  not  affected  by  a  strong 
light  suddenly  made  to  fall  upon  its  eyes,  it  was  accustomed,  when  con- 

*  It  is  worthy  of  special  notice,  that  the  development  of  the  Cephalic  ganglia  in  the 
Invertebrata  always  bears  an  exact  proportion  to  the  development  of  tbe  eyes  ;  the  other 
organs  of  special  sense  being  comparatively  undeveloped  ;  whilst  these,  in  all  the  higher 
classes  at  least,  are  instruments  of  great  perfection,  and  are  evidently  connected  most 
intimately  with  the  direction  of  the  movements  of  the  animals.  Of  this  fact  we  have  a 
remarkable  illustration  in  the  history  of  the  metamorphosis  of  Insects  ;  the  eyes  being 
almost  rudimentary,  and  the  Cephalic  ganglia  comparatively  small,  in  most  Larvae ; 
whilst  both  these  organs  attain  a  high  development  in  the  Imago,  to  whose  actions  the 
facility  of  sight  is  essential. 
|„r  "-Kecherches  Experimentales  sur  les  Propriety  et  les  Fonctions  du  Systeme 
Nerveux,"  2nd  edit.,  1845. 

+  "Exper.  de  effect,  lsesion.  in  partibus  Encephali,"  Berol.,  1826. 

\  „metons  8ur  les  Fonctions  du  Systdme  Nerveux,"  Paris,  1839. 

II     Iraite  de  Physiologie,"  torn.  ii.  partie  2,  1860,  p  411. 
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fined  in  a  darkened  or  partially-illuminated  room,  to  seek-out  the  light 
parts  ;  and  it  avoided  objects  that  lay  in  its  way.  In  the  same  manner, 
it  did  not  seem  to  be  affected  by  sudden  noises ;  but  at  night,  when  it 
slept  with  its  eyes  closed  and  its  head  uuder  its  wing,  it  would  raise  its 
head  in  a  remarkable  manner,  and  open  its  eyes,  on  the  slightest  noise ; 
speedily  relapsing  into  a  state  of  complete  unconsciousness.  Its  prin- 
cipal occupation  was  to  prune  its  feathers  and  scratch  itself.  And 
Longet  mentions  that  a  Pigeon  from  which  he  had  removed  the  entire 
Cerebrum,  gave  many  indications  of  consciousness  of  light ;  for  not  only 
did  the  pupil  contract,  but  the  lids  closed,  when  a  strong  light  was 
suddenly  made  to  fall  upon  the  eye,  the  animal  having  been  previously 
kept  in  darkness ;  and  when  a  lighted  candle  teas  made  to  move  in  a  circle 
before  it,  the  animal  executed  a  corresponding  movement  with  its  head.* — 
The  condition  of  such  beings  seems  to  resemble  that  of  a  Man,  who  is 
in  a  slumber  sufficiently  deep  to  lose  all  distinct  perception  of  external 
objects,  but  who  is  yet  conscious  of  sensations,  as  'appears  from  the 
movements  occasioned  by  fight  or  by  sounds,  or  from  those  which  he 
executes  to  withdraw  the  body  from  an  uneasy  position. 

527.  The  results  of  other  experiments  made  upon  the  Sensory 
ganglia  themselves,  and  upon  the  organs  from  which  they  derive  their 
impressions,  confirm  this  view ;  by  showing  that  the  ordinary  move- 
ments are  seriously  perturbed,  and  that  in  some  instances  a  new  set  of 
automatic  movements  is  induced,  when  the  normal  relations  between  the 
sensory  and  motor  apparatus  are  disarranged.  Of  the  functions  of  the 
ganglia  of  special  sense,  those  of  the  Corpora  Quadrigemina  are  the 
chief  which  have  been  examined  experimentally.  The  researches  of 
Flourens  and  Hertwig  have  shown,  that  the  connection  of  these  bodies 
with  the  visual  function  which  might  be  inferred  from  their  anatomical 
relations,  is  thus  substantiated.  The  partial  loss  of  the  ganglion  on  one 
side  produces  partial  loss  of  power  and  temporary  blindness  on  the 
opposite  side  of  the  body,  without  necessarily  destroying  the  mobility 
of  the  pupil ;  but  the  removal  of  a  larger  portion,  or  complete  extirpa- 
tion of  it,  occasions  permanent  blindness  and  immobility  of  the  pupil, 
with  temporary  muscular  weakness  on  the  opposite  side.  This  tem- 
porary disorder  of  the  muscular  system  sometimes  manifests  itself  in  a 
tendency  to  move  on  the  axis,  as  if  the  animal  were  giddy.  No  dis- 
turbance of  consciousness  appears  to  be  produced ;  and  Hertwig  states 
that  he  never  witnessed  the  convulsions,  which  Flourens  mentions  as  a 
consequence  of  the  operation,  and  which  were  probably  occasioned  by 
his  incision  having  been  carried  too  deeply.  As  Longet  has  justly  re- 
marked, it  is  difficult,  if  not  impossible,  to  remove  one  or  both  of  these 
ganglionic  masses,  without  doing  such  an  injury  to  the  Crura  Cerebri 
on  which  they  repose,  as  shall  in  great  degree  account  for  such  disturbed 
movements  (§  531).  Irritation  of  one  of  the  Tubercula  Quadrigemina 
has  been  observed,  both  by  Flourens  and  Longet,  to  produce  contrac- 
tion of  the  pupils  of  both  eyes. — These  results  of  experiment  are  partly 

*  It  must  not  be  forgotten  that,  in  such  experiments,  the  severity  of  the  operation 
will  of  itself  occasion  a  suspension  or  disturbance  of  the  functions  of  parts  that ;  remai , 
so  that  the  loss  of  a  power  must  not  be  at  once  inferred  from  the  absence  ot  its  mani- 
festations.    But  the  persistence  of  a  power,  after  the  removal  of  a  particular  orga  , 
a  clear  proof  that  it  cannot  be  the  peculiar  attribute  of  that  organ. 
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confirmed  by  Pathological  phenomena  in  Man ;  for  there  are  many 
instances  on  record,  in  which  blindness  has  been  one  of  the  consequences 
of  diseased  alterations  in  one  or  both  tubercles ;  and  in  some  of  the 
cases  in  which  the  lesion  extended  to  parts  seated  beneath  the  tubercles, 
disturbed  movements  were  observed. — The  subservience  of  these  bodies 
to  the  exercise  of  the  visual  sense,  appears,  on  the  whole,  to  be  the 
point  best  established  in  regard  to  their  functions ;  and  considering  the 
degree  in  which  this  sense  is  concerned  in  the  regulation  of  the  general 
movements  of  the  body,  it  is  not  surprising  that  lesions  of  its  centre 
should  occasion  a  perversion  of  these  movements.  This  appears  the 
more  probable  from  the  fact,  that,  in  animals  whose  Sensory  ganglia 
bear  so  large  a  proportion  to  the  whole  Encephalon,  that  we  must  look 
upon  them  as  the  principal  centres  of  motor  activity,  instead  of  being 
chiefly  concerned  (as  in  Man)  in  the  mere  guidance  of  movements  whose 
origin  is  Cerebral,  lesions  of  the  organ  of  sense  from  which  the  impres- 
sions that  excite  the  sensori-motor  impulses  are  derived,  produce  a  cor- 
responding disturbance.  Thus  Flourens  found  that  a  vertiginous  move- 
ment may  be  induced  in  Pigeons  by  simply  blinding  one  eye ;  and 
Longet  produced  the  same  effect  by  evacuating  the  humours  of 
the  eye. 

528.  It  is  probably  on  the  same  principle,  that  we  are  to  account  for 
the  remarkable  results  obtained  by  Flourens*  from  section  of  the  por- 
tion of  the  Auditory  nerve  proceeding  to  the  Semicircular  canals.  Section 
of  the  horizontal  semicircular  canal  in  Pigeons,  on  both  sides,  induces  a 
rapid  jerking  horizontal  movement  of  the  head,  from  side  to  side  ;  and  a 
tendency  to  turn  to  one  side  which  manifests  itself  whenever  the 
animal  attempts  to  walk  forwards.    Section  of  a  vertical  canal,  whether 
the  superior  or  inferior,  of  both  sides,  is  followed  by  a  violent  vertical 
movement  of  the  head.    And  section  of  the  horizontal  and  vertical  canals, 
at  the  same  time,  causes  horizontal  and  vertical  movements.  Section 
of  either  canal  on  one  side  only,  is  followed  by  the  same  effect  as  when 
the  canal  is  divided  on  both  sides ;  but  this  is  inferior  in  intensity. 
The  movements  continue  to  be  performed  during  several  months.  In 
Rabbits,  section  of  the  horizontal  canal  is  followed  by  the  same  move- 
•  nents  as  are  exhibited  by  Pigeons ;  and  they  are  even  more  constant, 
hough  less  violent.    Section  of  the  anterior  vertical  canal  causes  the 
unmal  to  make  continued  forward  '  somersets ;'  whilst  section  of  the 
posterior  vertical  canal  occasions  continued  backward  '  somersets.'  The 
novements  cease  when  the  animal  is  in  repose ;  and  they  recommence 
j  when  it  begins  to  move,  increasing  in  violence  as  its  motion  is  more 
apid. — These  curious  results  are  supposed  by  M.  Flourens  to  indicate, 
hat  the  nerve  supplying  the  semicircular  canals  does  not  minister  to 
i  he  sense  of  hearing,  but  to  the  direction  of  the  movements  of  the 
nimal ;  but  they  are  fully  explained  upon  the  supposition,  that  the 
lormal  function  of  the  semicircular  canals  is  to  indicate  to  the  animal 
ji  he  direction  of  sounds,  and  that  its  movements  are  partly  determined  by 
f  "ese ;  so  that  a  destruction  of  one  or  other  of  them  will  produce  an 
I  Regularity  of  movement  (resulting,  as  it  would  seem,  from  a  sort  of 
jiadiness  on  the  part  of  the  animal),  just   as  when  one  of  the 


*  Op.  cit. 
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eyes  of  a  bird  is  covered  or  destroyed,  as  in  the  experiments  pre- 
viously cited. 

529.  The  numerous  experiments  which  have  been  made  for  the  pur- 
pose of  determining  the  functions  of  the  Thalami  Optici  and  Corpora 
Striata,  have  not  yielded  any  very  satisfactory  results ;  and  this  on 
account  of  the  impossibility  of  completely  isolating  them  in  such  a 
manner  as  to  limit  the  operation  (whether  this  be  section,  removal,  or 
irritation)  to  them  alone.    Thus  it  is  impossible  to  remove  them,  either 
separately  or  conjointly,  without  first  removing  the  Cerebral  Hemi- 
spheres ;  and  the  Thalami  cannot  be  entirely  removed,  without  dividing 
the  stratum  of  fibres  which  traverse  their  deeper  portion  in  their  passage 
to  the  Corpora  Striata. — The  Thalami  Optici  have  not  that  relation  to 
the  visual  sense  which  their  designation  would  imply ;  for  (according  to 
the  affirmation  of  Longet)  they  may  be  completely  destroyed  in  Mam- 
mals and  Birds,  without  destruction  of  sight  or  loss  of  the  activity  of  the 
pupil.    And  irritation  of  one  or  both  of  them  produces  no  contraction 
of  the  pupil.    It  seems  probable,  therefore,  that  the  loss  of  sight  with 
dilatation  and  immobility  of  the  pupil,  which  is  frequently  observed  in 
cases  of  apoplectic  effusion  into  the  substance  of  the  Thalami,  is  really 
due  to  the  compression  of  the  Optic  nerves  which  lie  beneath  them. 
These  bodies  appear,  however,  to  possess  a  very  decided  influence  on  the 
power  of  voluntary  movement ;  for  although  an  animal  maintains  its 
balance,  and  can  be  made  to  move  onwards,  after  the  removal  of  the 
Cerebral  Hemispheres,  and  even  after  the  removal  of  the  Corpora 
Striata,  yet  if  either  of  the  Thalami  Optici  be  removed,  the  sensibility! 
and  power  of  voluntary  movement  are  destroyed  on  the  opposite  side  ofl 
the  body,  and  the  animal  consequently  falls  over  to  that  side  (Longet).l 
If,  instead  of  the  entire  removal  of  one  of  the  Thalami,  an  incision  bel 
made  in  it  without  the  previous  removal  of  the  Cerebrum,  the  animall 
keeps  turning  to  one  side  in  a  circular  manner  (evolution  du  manage)  :| 
according  to  Longet  and  Lafargue,  this  movement  is  directed  in  thel 
rabbit  towards  the  opposite  side ;  whilst  Flourens  states  that  in  thel 
frog  its  direction  is  towards  the  injured  side  ;  and  according  to  Schifrl 
the  destruction  of  the  three  anterior  fourths  of  this  organ  in  the  rabbit! 
determines  this  movement  towards  the  injured  side,  whilst  that  of  thel 
posterior  fourth,  determines  the  movement  towards  the  opposite  sidej 
Brown-Sequard  attributes  the  rolling  movements  in  many  of  these! 
cases  to  certain  muscles  being  in  a  state  of  spasm,  in  other  instances  tdi 
vertigo.    No  mechanical  irritation  of  the  Thalami  produces  either  signaj 
of  pain  or  muscular  movement ;    and  this  fact  might  at  first  appeaili 
to  negative  the  doctrine  that  these  organs  are  the  ganglia  of  commoa 
sensation.    But  it  must  be  borne  in  mind  that  the  production  of  panj 
by  mechanical  injuries  is  by  no  means  an  universal  phenomenon  in  thjj 
case  of  the  nerve-trunks  which  minister  to  sensation, — the  olfactiveH 
optic,  and  auditory  nerves  being  exempted ;  and  it  need  occasion  stilj 
less  surprise,  therefore,  that  a  nervous  centre  should  be  destitute  of  thij 
kind  of  impressibility,  which  we  have  seen  to  be  wanting  also  m  tn  ( 
Spinal  Cord.  . 

530.  The  effects  of  lesions  of  the  Corpora  Striata  are  less  distincui 
marked.    It  was  affirmed  by  Magendie  that  there  exists  in  them  a  mot* 

*  Eoser  and  Wunderlioh's  "  Archiv  fur  Physiol.  Heilkunde,"  1846,  §  667. 
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power  which  excites  backward  movement,  and  that  a  corresponding  power 
of  exciting  forward  movement  exists  in  the  Cerebellum  ;  that  these  two 
powers  ordinarily  balance  one  another ;  but  that  if  either  organ  be  re- 
moved, the  power  of  the  other  will  occasion  a  continual  automatic  move- 
ment, the  removal  of  the  Corpora  Striata  causing  an  irresistible  tendency 
to  forward  progression,  whilst  the  division  of  the  peduncles  of  the  Cere- 
bellum (according  to  him)  occasions  the  reverse  movement.  These 
assertions,  however,  have  not  been  confirmed  by  other  experimenters. 
According  to  Longet,*  SchifF,f  and  Lafargue,^  the  results  of  removal 
of  the  Corpora  Striata  with  the  anterior  part  of  the  Cerebral  hemi- 
spheres, are  for  the  most  part  negative ;  for  the  animal  usually  remains 
in  a  state  of  profound  stupor,  although  still  retaining  the  erect  position  ; 
and  it  is  only  when  irritated  by  pinching  or  pricking,  that  it  will 
execute  any  rapid  movements.  No  mechanical  irritation  of  the  Corpora 
Striata  produces  either  signs  of  pain  or  muscular  movement. 

531.  When  the  fibrous  tracts  which  connect  these  ganglionic  masses 
with  the  Medulla  Oblongata,  and  which  are  commonly  (but  erroneously) 
designated  as  the  Crura  Cerebri,  are  completely  divided,  the  result,  as 
might  be  anticipated,  is  the  annihilation  of  sensibility  and  of  the  power  of 
voluntary  movement  in  the  body  generally. §    When,  however,  the  Crura 
Cerebri  of  a  rabbit  are  not  completely  divided,  but  one  of  them  is  partially 
cut-through  a  little  in  front  of  the  Pons  Varolii,  the  animal  is  said  by 
Longet  and  Schiff  to  exhibit  a  constant  tendency  to  turn  towards  the  side 
opposite  to  that  of  the  lesion,  so  that  it  performs  the  circular  evolution  du 
manege ;  the  diameter  of  its  circle  of  movement  being  smaller,  in  propor- 
tion as  the  incision  approaches  the  edge  of  the  Pons.    But  if  one  of  the 
Crura  be  completely  divided,  the  animal  then  falls-over  on  the  opposite 
ride  ;  the  limbs  of  that  side  being  paralyzed  to  the  influence  of  the  Ence- 
phalic centres,  though  they  may  be  still  caused  to  exhibit  reflex  motions. 
Sence  it  appears  that  the  circular  movements  whieh  are  performed  after 
ncomplete  lesions  of  the  Crus  Cerebri  and  Thalamus  Opticus  of  either 
ide,  are  due  to  the  weakening  of  the  sensori-motor  apparatus  of  the  oppo- 
se side,  whereby  the  balance  of  the  muscular  actions  of  the  two  sides  is 

destroyed.  Nearly  the  same  results  have  been  obtained  on  this  point  by 
^onget,  Lafargue,  and  Schiff. 

532.  Considerable  importance  is  attached  by  some  Physiologists  to  the 
j  art  of  the  Encephalon  known  as  the  Tuber  Annulare,  to  which  the  name 
I  i '  Mesocephale  has  also  been  given.  This  is  not  altogether  synonymous 
I;  ith  the  Pons  Varolii,  as  some  Anatomists  have  represented  it ;  for, 
j  bile  the  latter  consists  of  transverse  fibres  which  form  the  commissure 

Jtween  the  hemispheres  of  the  Cerebellum,  surrounding  and  passing  be- 
'een  the  longitudinal  fibres  of  the  Sensory  and  Motor  tracts  which  con- 

I  *  ^  "  ^e  V1  motori&  baseos  Encephali,"  Bockenhemii,  1845. 

Jf  +  "  Essai  sur  la  Valeur  des  Localisations  Enc^phaliques,"  &c,  These  Inaug.,  Paris, 

M  It  is  considered  by  Longet  that  these  functions  are  not  completely  destroyed,  because 
j  ;  animals  on  whom  this  operation  has  been  performed  still  retain  some  power  of 

vement,  and  respond  by  cries  to  impressions  that  ordinarily  produce  pain.  There 
J  io  proof,  however,  that  such  actions  are  other  than  '  excito-motor  ;'  they  certainly 
I  infJt  in  themselves  be  admitted  as  proving  the  persistence  of  consciousness  in  the 

Y  segment  of  the  Cerebrospinal  axis.  (See  Brown-Sequard,  "  Central  Nervous 
.  I  'km,  1860,  p.  225;  and  Schroeder  v.  d.  Kolk,  Syd.  Soc.  Trans.,  1859,  p.  76.) 
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stitute  the  Crura  Cerebri,  the  Tuber  Annulare  (which  exists  in  animals 
whose  Cerebellum  has  no  hemispheres)  is  a  projection  from  the  surface  of 
the  proper  Medulla  Oblongata,  containing  a  considerable  nucleus  of  vesi- 
cular matter.    M.  Brown-Sequard*  has  drawn  the  following  conclusions 
respecting  the  functions  of  this  part  of  the  Encephalon,  chiefly  based  on 
pathological  evidence: — 1.  That  the  restiform  bodies  and  their  prolonga- 
tions into  the  Pons,  and  into  the  Cerebellum,  are  not,  as  has  been  supposed, 
the  conductors  of  sensory  impressions.    2.  That  whilst  hyperajsthesia 
occurs  on  the  same  side  of  the  body  when  the  Spinal  Cord  is  injured, 
especially  in  its  posterior  part,  it  appears  on  the  opposite  side  of  the  body 
when  a  section  is  made  either  of  the  anterior  or  posterior  surface  of  the 
Pons;  and  this  he  believes  to  favour  his  view  of  the  decussation  of  the 
sensory  fibres  in  the  Cord,  and  to  be  opposed  to  the  old  view  of  the 
decussation  of  these  fibres  below  the  Tubercula  Quadrigemina,  or  in 
the  substance  of  the  Pons  itself.    3.  The  transmission  of  sensory  im- 
pressions in  the  Pons  appears  to  be  chiefly  effected  by  its  central  portion, 
whilst  the  anterior  portion  is  chiefly  instrumental  in  the  conduction 
of  the  mandates  of  the  Will  to  the  Muscles.  The  experiments  of  Longet 
led  him  to  the  conclusion,  that  the  Tuber  Annulare,  the  structure  of 
which  is  very  complicated,  is  an  independent  centre  of  sensation  and 
of  motor  power  :  but  they  do  not  afford  any  clear  information  as  to  its 
special  attributes.    He  states,  however,  that  convulsive  movements  are 
excited  by  irritating  it,  and  especially'  by  the  transmission  of  an  electric 
current  through  its  substance.    These  movements,  however,  accordin 
to  the  testimony  of  Dr.  Todd,  appear  to  be  of  a  different  characte 
from  those  which  are  excited  by  the  application  of  the  same  stimulus 
the  Spinal  Cord  and  Medulla  Oblongata ;  for  he  states  that  whilst  th 
convulsions  excited  by  the  transmission  of  the  current  of  the  magneto 
electric  machine  through  the  parts  just  named,  are  tetanic,  the  muscle 
being  thrown  into  a  state  of  fixed  contraction, — those  which  ensue  whe 
the  current  is  transmitted  through  the  region  of  the  Mesocephale  and  Cor 
pora  Quadrigemina,  are  epileptic,  being  combined  movements  of  alternat 
contraction  and  relaxation,  flexion  and  extension,  affecting  the  muscl 
of  all  the  limbs,  of  the  trunk,  and  of  the  eyes,  which  roll-about  just 
in  epilepsy,  f 

533.  The  evidence  afforded  by  Pathology  regarding  the  functions 
these  Ganglionic  masses  is  not  altogether  self-consistent ;  but  this  arise 
probably,  from  the  circumstance  that  the  effects  of  morbid  chang 
(particularly  of  sanguineous  effusions)  in  any  part  of  the  Encephalo 
extend  themselves  to  other  parts  than  those  in  which  the  obvious  lesio 
are  found ;  as  is  abundantly  proved  by  the  great  variety  of  phenome 
which  present  themselves  as  the  results  of  lesions  apparently  simil 
and  by  the  similarity  of  the  phenomena  that  are  frequently  conseque 
upon  lesions  of  very  different  parts.    It  is  established  by  abundant  e 
dence  that  disease  of  the  Corpora  Striata,  or  Thai  ami  Optici,  or  haani 
rhage  into  these  bodies  produces  hemiplegia,  or  paralysis  of  the  oppo 
side.    This  paralysis,  however,  is  not  uniform,  but  affects  chiefly 
arm  and  leg,  and  in  a  less  degree  the  face,  whilst  sensation  is  usua 

*  "  Journ.  de  la  Physiol.,"  vol.  i.  p.  762;  vol.  ii.  p.  121. 
f  Lumleian  Lectures  '  On  the  Pathology  and  Treatment  of  Convulsive  LMsea. 
in  "Medical  Gazette,"  May  11,  1849. 
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only  slightly  affected,  or  escapes  altogether.    An  ingenious  attempt  has 
been  made  by  Dr.  Broadbent*  to  explain  the  phenomena  observed  in 
these  cases.    He  observes  that  the  relative  situation  of  the  two  ganglia 
(Corpus  Striatum  and  Optic  Thalamus)  will  in  some  measure  account 
for  the  circumstance  that  sensation  so  frequently  escapes  when  motor 
power  is  lost ;  since  the  Corpus  Striatum — the  motor  ganglion — is  in  front 
of  and  external  to  the  Thalamus,  and  may  therefore  easily  be  extensively 
damaged  without  involving  the  latter,  or  the  fibres  passing  from  it  to  the 
Cord.   The  Thalamus — the  sensory  ganglion — on  the  other  hand,  lying 
behind  the  Corpus  Striatum,  and  upon  the  fibres  connecting  it  with  the 
Cord,  can  scarcely  be  seriously  affected  without  injury  to  these  fibres  or 
the  Corpus  Striatum  itself.    Again,  the  Optic  Thalamus,  according  to 
b  v  pothesis,  standing  with  respect  to  the  Corpus  Striatum  in  the  relation 
:  of  a  sensory  to  a  motor  nerve-nucleus,  it  would  almost  follow  that 
severe  injury  to  the  former  would  paralyze  the  latter  by  inhibitory  in- 
\  fluence,  even  when  the  injury  was  confined  to  the  Thalamus,  and  did 
I  not  reach  the  Corpus  Striatum  directly  or  indirectly.    Lastly,  the  ex- 
(  periments  of  M.  Brown-Sequard  may  be  referred-to,  as  showing  that  in 
S  :he  case  of  the  Spinal  Cord,  a  very  much  more  complete  destruction  of 
jhe  grey  matter  is  requisite  to  destroy  sensation  entirely  than  is  requisite 
or  the  abolition  of  the  power  of  motion.    Dr.  Broadbent  considers  that 
\  he  partial  character  of  the  paralysis  may  further  be  referred  to  Ihe 

I  node  of  functional  activity  of  the  muscles  affected  as  compared  with 
[those  which  escape,  and  believes  it  may  be  shown  that  where  the 
fcl.QUscles  of  the  corresponding  parts  on  opposite  sides  of  the  body  con- 
stantly act  in  concert,  and  seldom  if  ever  independently,  the  nerve 
:r.|  uclei  of  these  muscles  are  so  connected  by  commissural  fibres  as  to  be 
|lc  to  tanto  a  single  nucleus.    This  combined  nucleus  will  have  a  set  of 

i  bres  from  each  Corpus  Striatum,  and  will  usually  be  called  into  action 
|  y  both ;  but  it  will  also  be  capable  of  being  excited  by  either  singly, 
[  I  lough  more  or  less  completely  according  as  the  commissural  con- 
>  I  ection  between  the  two  halves  is  more  or  less  perfect.    In  support  of 
Hms  statement,  it  may  be  observed  that  those  muscles  which  are 

I I  )mmonly  associated  in  their  movements  like  the  ocular  muscles,  are 

I  ot  paralyzed  ;  those  of  the  cheek,  on  the  other  hand,  exhibit  a  degree 

independence  of  action,  and  are  slightly  paralyzed ;  and  lastly,  the 
Li-uscles  of  the  arm  and  leg,  which  are  almost  completely  independent 
their  action,  are  most  severely  affected.     It  is  found  also  that  in 
I  nlateral  convulsion  or  spasm,  the  movements  are  bilateral  in  those 
I  .rt3  which  escape  paralysis  in  Hemiplegia — i.e.,  the  combined  nucleus 
I  ansnaits  the  irregular  one-sided  impulse  along  the  nerves  of  both 

I I  les. 

I  534.  In  employing  the  information  derived  from  the  foregoing  sources, 
I  a  guide  in  the  inquiry  into  the  part  performed  by  the  Sensory  Ganglia 
I  the  ordinary  operations  of  the  Cerebro- Spinal  system,  we  have  to 
anguish,  as  in  the  case  of  the  Spinal  Cord,  between  their  operation 
I  independent  centres,  and  their  action  in  subservience  to  the  Cere- 
I  im,  which  is  superposed  upon  them. — We  have  seen  reason  to  conclude 
t,  in  their  former  capacity,  they  are  to  be  regarded  as  the  true  seat  of 
|  nation  (i.e.  the  material  instruments  through  which  the  consciousness 

*  "  Med.-Chir.  Kev.,"  April,  1866. 
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becomes  affected  by  external  impressions),  and  as  the  instrument  in 
virtue  of  their  own  1  reflex'  power,  of  that  class  of  Instinctive  or  Auto- 
matic movements,  which  require  to  be  prompted  and  guided  by  sensa- 
tions, and  which  cannot,  therefore,  be  referred  to  the  excito-motor 
group.    But  although  it  is  sufficiently  obvious  that  such  movements 
constitute  the  highest  manifestations  of  Animal  fife  in  the  Invertebrata 
generally,  and  that  they  are  but  little  modified  by  any  higher  principle 
of  action  even  in  the  lower  Vertebrata,  yet  it  is  no  less  obvious  that  in 
adult  Man,  in  whom  the  Intelligence  and  Will  are  fully  developed,  we 
have  comparatively  little  evidence  of  this  independent  reflex  action  of 
the  Sensory  Ganglia : — all  those  automatic  actions  which  are  imme- 
diately necessary  for  the  maintenance  of  his  Organic  life,  being  provided- 
for  by  the  excito-motor  portion  of  the  apparatus,  so  that  although  sensa- 
tion ordinarily  accompanies  most  of  them,  it  is  not  essential  to  them ; 
whilst  those  which  are  necessary  to  provide  more  remotely  for  its  re-  I 
quirements,  are  for  the  most  part  committed  to  the  guidance  of  his  Reason.  I 
For  the  impressions  which  have  been  brought  by  the  afferent  nerves  to  | 
his  Sensorium,  and  which  have  there  produced  sensations,  do  not  in  1 
general  react  at  once  upon  the  motor  apparatus  (as  they  do  in  those! 
animals  in  which  the  Sensory  Ganglia  are  the  highest  of  the  nervous  | 
centres),  but  usually  transmit  their  influence  upwards  to  the  Cerebrum, 
through  whose  instrumentality  they  give  rise  to  ideas  and  reasoning 
processes,  which  operate  upon  the  motor  apparatus  either  emotionally  or 
volitionally.    And  it  is  for  the  most  part  only  when  this  upward  trans 
mission  is  checked,  either  by  the  non-development  or  the  functional 
inactivity  of  the  Cerebrum,  or  by  its  complete  occupation  in  some  other] 
train  of  action, — or,  on  the  other  hand,  when  the  reflex  action  of  the 
Sensory  ganglia  is  called  into  play  with  unusual  potency, — that  we  have 
any  manifestations  of  the  sensori-motor  or  consensual  mode  of  operation 
in  Man,  that  are  at  all  comparable  in  variety  or  importance  to  those  in-l 
stinctive  acts  which  are  so  remarkable  in  the  lower  animals  (§  449). 

535.  Still,  sufficient  evidence  of  the  existence  of  this  class  of  reflejj 
movements  may  be  drawn  from  observation  of  the  actions  of  Man  in  hij 
ordinary  condition;  examples  of  it  being  furnished  (as  we  have  seen)  bj 
the  closure  of  the  eyes  to  a  dazzling  light,  the  start  caused  by  a  loud  and 
unexpected  sound,  and  the  sneezing  excited  by  sensory  impressions  oi 
the  Schneiderian  membrane  or  on  the  Retina.    To  these  may  be  addej 
the  vomiting  produced  by  various  sensory  impressions,  as  the  sight  of  I 
loathsome  object,  a  disagreeable  smell,  a  nauseous  taste,  or  that  pecuhaj 
feeling  of  want  of  support  which  gives  rise  to  '  sea-sickness,'  especialll 
when  combined  with  the  sight  of  continually-shifting  lines  and  surface* 
which  itself  in  many  individuals  disposes  to  the  same  state;  the  idj 
voluntary  laughter  which  is  excited  by  tickling,  and  also  that  whicj 
sometimes  bursts-forth  at  the  provocation  of  some  sight  or  sound  t 
which  no  ludicrous  idea  or  emotion  can  be  attached  ;  the  yawning  wind  I 
is  excited  by  an  internal  sensation  of  uneasiness  (usually  arising  fro** 
deficient  respiration),  or  by  the  sight  or  sound  of  the  act  as  perform^ 
by  another  ;  and  those  involuntary  movements  of  the  body  and  lima 
excited  by  uneasy  sensations  (probably  muscular),  which  are  conimoni 
designated  as  '  the  fidgets.'    When  the  reflex  activity  of  the  bensoi 
ganglia  is  more  strongly  excited,  in  consequence  either  of  an  unu  ir 
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potency  of  the  sensory  impressions,  or  of  an  unusual  excitability  of  this 
part  of  the  nervous  centres,  a  much  greater  variety  of  sensori-motor 
actions  is  witnessed.    The  powerful  involuntary  contraction  of  the  orbi- 
cularis and  of  the  muscles  which  roll  the  eyeball  upwards  and  inwards, 
in  cases  of  excessive  irritability  of  the  retina  (§  519),  is  one  of  the  best 
examples  of  this  kind ;  but  another  very  curious  illustration  is  afforded 
by  the  involuntary  abridgment  of  the  excito  motor  actions  of  respiration, 
when  the  performance  of  these  is  attended  with  pain, — the  dependence  of 
this  abridgment  upon  the  direct  stimulus  of  sensation,  rather  than  upon 
I  voluntary  restraint,  being  obvious  from  the  fact  that  it  often  presents 
itself  on  one  side  only,  a  limitation  which  the  Will  cannot  imitate, 
gain,  there  are  certain  Convulsive  disorders  which  appear  to  depend 
.  upon  an  undue  excitability  of  these  centres,  the  paroxysms  being  excited 
by  impressions  which  act  through  the  organs  of  sense,  and  are  not  thus 
\  operative  unless  the  patient  be  conscious  of  them ;  thus  in  Hydrophobia, 
\  we  observe  the  immediate  influence  of  the  sight,  sound,  or  contact,  of 
liquids,  or  of  the  slightest  currents  of  air,  in  exciting  muscular  contrac- 
tions; and  in  many  Hysteric  subjects,  the  sight  of  a  paroxysm  in  another 
;  individual  is  the  most  certain  means  of  its  induction  in  themselves.  A 
:  remarkable  case  of  this  general  exaltation  of  purely  sensorial  excitability 
I  has  been  recorded  by  Dr.  Cowan,  who  gives  the  following  account  of  its 
:  phenomena,  which  can  scarcely  be  referred  to  any  other  than  this  cate- 

I  gory.  "  The  shadow  of  a  bird  crossing  the  window,  though  the  blind  and 
i  bed-curtains  are  closed,  the  displacement  of  the  smallest  portion  of  the 
;  wick  of  a  candle,  the  slightest  change  in  the  firelight,  induce  a  sudden 
!  ierking  of  the  spinal  muscles,  extending  to  the  arms  and  legs  when 

v  iolent,  and  this  without  the  slightest  mental  emotion  of  any  kind  beyond 
i  consciousness  of  the  movement.    At  times  the  vocal  organs  are  impli- 
cated, and  a  slight  cry,  quite  involuntary,  takes  place.  At  these  periods 
i|(ihe  is  unusually  susceptible  of  all  noises,  especially  the  least  expected 
nd  least  familiar.    Movements  in  the  next  house  inaudible  to  others, 
jl.he  slightest  rattle  in  the  lock  of  a  door,  tearing  a  morsel  of  paper,  and 
thousand  little  sources  of  sound  not  to  be  catalogued,  induce  results 

I I  imilar  to  those  of  visual  impressions."* 

l|<  536.  It  is,  however,  when  the  Cerebrum  is  not  in  a  state  which  renders 
lie.  capable  of  receiving  and  acting-upon  Sensorial  impressions,  that  we 
I  nd  the  independent  reflex  activity  of  the  Sensory  ganglia  most  strikingly 
isplayed.    Thus  in  the  Infant  for  some  time  after  its  birth,  it  is  obvious 
$  1 3  an  attentive  observer,  that  a  large  part  of  its  movements  are  directly 
rompted  by  sensations  to  which  it  can  as  yet  attach  no  distinct  ideas,  and 
J  >at  they  do  not  proceed  from  that  purposive  impulse  which  is  essential 
I  >  render  them  voluntary.    This  is  well  seen  in  the  efforts  which  it 
(■>  akes  to  find  the  nipple  with  its  lips ;  being  probably  guided  thereto  at 
I  *st  by  the  smell,  but  afterwards  by  the  sight  also ;  when  the  nipple  has 
I  ien  found,  the  act  of  suction  is  purely  excito-motor,  as  already  explained. 
I  >  in  the  Idiot  whose  brain  has  never  attained  its  normal  development, 
I  e  influence  of  sensations  in  directly  producing  respondent  movements 
I  obvious  to  all  who  examine  his  actions  with  discrimination;  and  are- 
I  u-kable  case  has  been  described, \  in  which  an  entire,  though  temporary 
J  spension  of  Cerebral  power,  reducing  the  subject  of  it  to  the  condition 
*  "Lancet,"  Oct.  4,  1845.  t  Ibid.,  Nov.  15  and  29,  1845. 
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Of  one  of  the  lowest  Vertebrata,  gave  a  very  satisfactory  proof  of  the 
independent  action  of  this  division  of  the  Encephalic  centres. 

537.  But  we  do  not  require  to  go  so  far  in  search  of  characteristic 
examples  of  this  kind  of  reflex  action ;  since  they  are  afforded  by  the 
performance  of  habitual  movements,  which  are  clearly  under  Sensorial 
guidance,  when  the  Cerebrum  is  occupied  in  some  train  of  action  alto- 
gether disconnected  with  them.   An  individual  who  is  subject  to  '  absence 
of  mind,'  may  fall  into  a  reverie  whilst  walking  the  streets ;  his  attention 
may  be  entirely  absorbed  in  a  train  of  thought,  and  he  may  be  utterly 
unconscious  of  any  interruption  in  its  continuity ;  and  yet  during  the 
whole  of  that  time  his  limbs  shall  have  been  in  motion,  carrying  him 
along  the  accustomed  path,  whilst  his  vision  shall  have  given  to  these 
movements  the  direction  which  is  requisite  to  guide  him  along  a  parti- 
cular line,  or  to  move  him  out  of  it  for  the  avoidance  of  obstacles.  As 
already  pointed-out  (§  512),  there  seems  strong  reason  for  regarding  the 
ambulatory  movements  of  the  limbs  as  in  themselves  excito-motor  ;  but 
the  guidance  of  these  movements  by  the  visual  sense  indicates  the  par- 
ticipation of  the  Sensorium  in  this  remarkable  performance. — It  has 
been  maintained  by  some  Metaphysicians  and  Physiologists,  that  these 
'  secondarily  automatic'  actions  always  continue  to  be  voluntary,  be- 
cause their  performance  is  originally  due  to  a  succession  of  volitional 
acts,  and  because,  in  any  particular  case,  it  is  the  Will  which  first  ex- 
cites them,  whilst  an  exertion  of  the  Will  serves  to  check  them  at  any 
time.    But  this  doctrine  involves  the  notion  that  the  Will  is  in  a  state 
of  pendulum-like  oscillation  between  the  train  of  thought  and  the  train 
of  movement ;  whereas  nothing  is  more  certain  to  the  individual  who  is 
the  subject  of  both,  than  that  the  former  may  be  as  uninterrupted  as  if  the 
body  were  perfectly  at  rest,  and  his  reverie  were  taking  place  in  th 
quietude  of  his  own  study.    And  as  it  commonly  happens  that  th 
direction  taken  is  that  in  which  the  individual  is  most  in  the  habit  o 
walking,  it  will  not  unfrequently  occur  that  if  he  had  previously  in 
tended  to  pursue  some  other,  he  finds  himself,  when  his  reverie  is  a 
an  end,  in  a  locality  which  may  be  very  remote  from  that  toward 
Avhich  his  walk  was  originally  destined  ;  which  would  not  be  the  case 
if  his  movements  had  been  still  under  the  purposive  direction  of  th 
will.    And  although  it  is  perfectly  true  that  these  movements  can  be  a 
any  time  checked  by  an  effort  of  the  will,  yet  this  does  not  really  in 
dicate  that  the  will  has  been  previously  engaged  in  sustaining  them 
since,  for  the  will  to  act  upon  them  at  all,  the  attention  must  be  recalle 
to  them,  and  the  Cerebrum  must  be  liberated  from  its  previous  sell 
occupation.     And  the  gradual  conversion  of  a  volitional  into  a 
automatic  train  of  movements,  so  that  at  last  this  train,  once  stai  n 
shall  continue  to  run-down  of  itself,  will  be  found  to  be  less  improbabl 
than  it  would  at  first  appear,  when  it  comes  to  be  understood  that  th 
mechanism  of  both  sets  of  actions  is  essentially  the  same,  and  that  the 
merely  differ  as  regards  the  nature  of  the  stimulus  which  originall 
excites  them  (§  546).    That  the  same  automatic  movements  are  n 
excited  by  the  same  sensations,  when  the  Cerebrum  is  in  its  ordinar 
state  of  functional  connection  with  the  Sensorium,  is  a  fact  entirely  i 
harmony  with  the  principle  already  laid-down  (§§  458,  459).    The  con 
plete  occupation  of  the  mind  in  other  ways,  as  in  close  conversation 
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argument,  or  even  (it  may  be)  in  the  voluntary  direction  of  some  other 
train  of  muscular  movements,  is  no  less  favourable  than  the  state  of 
reverie  to  that  independent  action  of  the  Automatic  centres  which  has 
been  now  described. 

538.  In  the  state  of  entire  functional  activity  of  the  nervous  centres 
of  Man,  however,  there  can  be  no  doubt  that  the  operation  of  the 
Sensory  Ganglia  is  entirely  subordinated  to  that  of  the  Cerebrum  ;  and 
that  it  furnishes  an  essential  means  of  connection  between  the  actions  of 
the  Cerebrum  on  the  one  hand,  and  those  of  the  organs  of  Sense  and 
Motion  on  the  other,  by  the  combination  of  which  the  Mind  is  brought 
into  relation  with  the  external  world.    For,  in  the  first  place,  it  may 
be  affirmed  with  certainty  that  no  mental  action  can  be  originally  ex- 
cited, save  by  the  stimulus  of  Sensations ;  and  it  is  the  office  of  the 
*  Sensory  ganglia  to  form  these  out  of  the  impressions  brought  to  them 
from  the  organs  of  sense,  and  to  transmit  such  sensorial  changes  to  the 
Cerebrum.    But  they  have  a  no  less  important  participation  in  the 
I:  downward  action  of  the  Cerebrum  upon  the  motor  apparatus:  for  no 
r  voluntary  action  can  be  performed  without  the  assistance  of  a  guiding 

I  sensation,  as  was  first  prominently  stated  by  Sir  C.  Bell.* — In  the 
it  majority  of  cases,  the  guiding  or  controlling  sensation  is  derived  from 

the  muscles  themselves,  of  whose  condition  we  are  rendered  cognizant 
by  the  sensory  nerves  with  which  they  are  furnished ;  but  there  are 
i    certain  cases  in  which  it  is  ordinarily  derived  from  one  of  the  special 
tit  senses,  and  in  which  the  '  muscular  sense'  can  only  imperfectly  supply 
1  the  deficiency  of  such  guidance ;  whilst,  again,  if  the  '  muscular  sense' 

I I  be  deficient,  one  of  the  special  senses  may  supply  the  requisite  informa- 
.   tion.    The  proof  of  this  necessity  is  furnished  by  the  entire  impossibility 

of  making  or  sustaining  voluntary  efforts,  without  a  guiding  sensation  of 
i  I  some  kind.    Thus,  in  complete  ansesthesia  of  the  lower  extremities, 
I  without  loss  of  muscular  power,  the  patient  is  as  completely  unable  to 
i  walk  as  if  the  motor  nerves  had  also  been  paralyzed,  unless  the  deficient 
sensorial  guidance  be  replaced  by  some  other  ;  and  in  similar  affections 
j  of  the  upper  extremities,  there  is  a  like  inability  to  raise  the  limb  or  to 
i  sustain  a  weight.    But  in  such  cases,  the  deficiency  of  the  'muscular 
sense' may  be  made  good  by  the  visual;  thus,  the  patient  who  cannot 
'eel  either  the  contact  of  his  foot  with  the  ground,  or  the  muscular 
effort  he  is  making,  can  manage  to  stand  and  walk  by  looking  at  his 
imbs ;  and  the  woman  who  cannot  feel  the  pressure  of  her  child  upon 
i  Jer  arms,  can  yet  sustain  it  so  long  as  she  keeps  her  eyes  fixed  upon  it, 
V  3Ut  no  longer, — the  muscles  ceasing  to  contract,  and  the  limb  drooping 
lowerless,  the  moment  that  the  eyes  are  withdrawn  from  it.    Thus  it 
s,  too,  that  when  we  are  about  to  make  a  muscular  effort,  the  amount 
J  >f  force  which  we  put-forth  is  governed  by  the  mental  conception  of 
I  hat  which  will  be  required,  as  indicated  by  the  experience  of  former 
i  ensations ;  just  as  the  contractions  of  the  muscles  of  vocalization  are 
j  egulated  by  the  conception  of  the  sound  to  be  produced.    Hence  if  the 
I  veight  be  unknown  to  us,  and  it  prove  either  much  heavier  or  much 
ighter  than  was  expected,  we  find  that  we  have  put-forth  too  little  or 
great  a  muscular  effort. 

i  *  See  his  chapter  '  On  the  Nervous  Circle  which  connects  the  Voluntary  Muscles 
>  I  'ith  the  Brain,'  in  his  work,  "On  the  Nervous  System  of  the  Human  Body." 
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539.  There  are  two  groups  of  muscular  actions,  however,  which 
although  no  less  voluntary  in  their  character  than  the  foregoing,  are 
yet  habitually  guided  by  other  sensations  than  those  derived  from  the 
muscles  themselves.    These  are,  the  movements  of  the  Eyeball,  and 
those  of  the  Vocal  apparatus. — The  former  are  directed  by  the  visual 
sense,*  by  which  the  action  of  the  muscles  is  guided  and  controlled,  in 
the  same  manner  as  that  of  other  muscles  is  directed  by  their  own 
'  muscular  sense  ;'  and  hence  it  happens  that,  when  we  close  our  eyes, 
we  cannot  move  them  in  any  required  direction  without  an  effort  that 
strongly  calls-forth  the  muscular  sense,  by  which  the  action  is  then 
guided.    In  persons  who  have  become  blind  after  having  once  enjoyed 
sight,  an  association  is  formed  by  habit  between  the  muscular  sense  and 
the  contractile  action,  that  enables  the  former  to  serve  as  the  guide  after 
the  loss  of  the  visual  sense ;  but  in  those  who  are  born  perfectly  blind, 
or  who  have  become  so  in  early  infancy,  this  association  is  never 
formed,  and  the  eyes  of  such  persons  exhibit  a  continual  indeterminate 
movement,  and  cannot  by  any  amount  of  effort  be  steadily  fixed  in  one 
spot,  or  be  turned  in  any  definite  direction.    A  very  small  amount  of 
the  visual  sense,  however,  such  as  serves  merely  to  indicate  the  direc- 
tion of  light,  is  sufficient  for  the  government  of  the  movements  of  the 
eyeball. — In  the  production  of  vocal  sounds,  again,  that  nice  adjustment 
of  the  muscles  of  the  Larynx,  which  is' requisite  to  the  giving-forth  of 
determinate  tones,  is  ordinarily  directed  by  the  auditory  sense :  being 
learned  in  the  first  instance  under  the  guidance  of  the  sounds  actually 
produced  ;  but  being  subsequently  effected  voluntarily,  in  accordance 
with  the  mental  conception  (a  sort  of  inward  sensation)  of  the  tone  to  be 
uttered,  which  conception  cannot  be  formed,  unless  the  sense  of  hearing 
has  previously  brought  similar  tones  to  the  mind.    Hence  it  is  that 
persons  who  are  born  deaf  are  also  dumb.    They  may  have  no  malfor- 
mation of  the  organs  of  speech ;  but  they  are  incapable  of  uttering 
distinct  vocal  sounds  or  musical  tones,  because  they  have  not  the 
guiding  conception,  or  recalled  sensation,  of  the  nature  of  these.  By 
long  training,  however,  and  by  imitative  efforts  directed  by  muscular 
sensations  in  the  larynx  itself,  some  persons  thus  circumstanced  have 
acquired  the  power  of  speech ;  but  the  want  of  a  sufficiently  definite 
control  over  the  vocal  muscles  is  always  very  evident  in  their  use  of  the 
organ. — It  is  very  rarely  that  a  person  who  has  once  enjoyed  the  sense 
of  hearing,  afterwards  becomes  so  completely  deaf,  as  to  lose  all  auditory 
control  over  his  vocal  organs.    An  example  of  this  kind,  however,  has 
been  commimicated  to  the  public  by  a  well-known  author,  as  havm 
occurred  in  himself ;  and  the  record  of  his  experiences-)"  contains  man 
points  of  much  interest.    The  deafness  was  the  result  of  an  acciden 
occurring  in  childhood,  which  left  him  for  some  time  in  a  state  o 
extreme  debility ;  and  when  he  made  the  attempt  to  speak,  it  was  wit- 
considerable  pain  in  the  vocal  organs.    This  pain  probably  resulte 
from  the  unaccustomed  effort  which  it  was  necessary  to  make,  when  tn 
usual  guidance  was  wanting ;  being  analogous  to  the  uneasiness  wmc 
we  experience,  when  we  attempt  to  move  our  eyes  with  the  lids  close 

*  See  Dr.  Alison's  Memoir  on  the  'Anatomical  and  Phj'siological  Inferences 
Study  of  the  Nerves  of  the  Orbit,'  in  "  Trans,  of  Roy.  Soc.  of  Edinb.,"  vol.  xv. 
f  See  the  "  Lost  Senses,"  by  Dr.  Kitto  ;  vol.  i.,  chapters  2  and  3. 
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His  voice  at  that  time  is  described  as  being  very  similar  to  that  of  a 
person  born  deaf-and-dumb,  but  who  has  been  taught  to  speak.  With 
the  uneasiness  in  the  use  of  the  vocal  organs,  was  associated  an  extreme 
mental  indisposition  to  their  employment ;  and  thus,  for  some  years,  the 
voice  was  very  little  exercised.  Circumstances  afterwards  forced  it, 
however,  into  constant  employment ;  and  great  improvement  sub- 
sequently took  place  in  the  power  of  vocalization,  evidently  by  attention 
to  the  indications  of  the  muscular  sense.  It  is  a  curious  circumstance 
fully  confirming  this  view,  that  the  words  which  had  been  in  use  pre- 
viously to  the  supervention  of  the  deafness,  were  still  pronounced  (such 
of  them,  at  least,  as  were  kept  in  employment)  as  they  had  been  in 
childhood ;  the  muscular  movements  concerned  in  their  articulation 
having  still  been  guided  by  the  original  auditory  conception,  in  spite  of 
the  knowledge  derived  from  the  information  of  others  that  such  pronun- 
ciation was  erroneous.  On  the  other  hand,  all  the  words  subsequently 
learned  were  pronounced  according  to  their  spelling ;  the  required  asso- 
ciations between  the  muscular  sensations  and  the  written  signs  being  in 
this  case  the  obvious  guide. 

510.  It  is  through  the  '  muscular  sense,'  in  combination  with  the 
visual  and  tactile,  that  those  movements  are  regulated  which  are  con- 
cerned alike  in  ordinary  progression,  and  in  the  maintenance  of  the 
,  equilibrium  of  the  body.    That  the  visual  sense  has,  in  most  persons,  a 
large  share  in  this  regulation,  is  evident  from  the  simple  fact,  that  no 
one  who  has  not  been  accustomed  to  the  deprivation  of  it,  can  continue 
to  walk  straight- forwards,  when  blind-folded,  or  in  absolute  darkness, 
towards  any  point  in  the  direction  of  which  he  may  have  been  at  first 
LL  raided.    But  the  blind  man,  who  has  been  accustomed  to  rely  exclu- 
1  sively  upon  his  muscular  sense,  has  no  difficulty  in  keeping  to  a  straight 
1.  >ath ;  and  moves  onwards  with  a  confidence  which  is  in  remarkable 
I  :ontrast  with  the  gait  of  a  man  who  has  been  deprived  of  sight  for  the 
|  'ccasion  only.    In  fact,  as  Mr.  Mayo  has  well  remarked,*  in  our  ordinary 
I  novements,  "  we  lean  upon  our  eyesight  as  upon  crutches." — When  our 
j.  'ision,  however,  instead  of  aiding  and  guiding  us,  brings  to  the  mind 
j  ensations  of  an  antagonistic  character,  our  movements  become  uncer- 
I  ain,  from  the  loss  of  that  power  of  guidance  and  control  over  them, 

hich  the  harmony  of  the  two  sensations  usually  gives.  Thus  a  person 
!  naccustomed  to  look  down  heights,  feels  insecure  at  the  top  of  a  tower 
[  ra  precipice,  although  he  knows  that  his  body  is  properly  supported ; 
tar  the  void  which  he  sees  below  him  contradicts  (so  to  speak)  the 
I  actile  sensations  by  which  he  is  made  conscious  of  the  due  equilibrium 
I  f  his  body.  So,  again,  although  any  one  can  walk  along  a  narrow 
!  lank,  which  forms  part  of  the  floor  of  a  room,  or  which  is  elevated  but 

little  above  it,  without  the  least  difiiculty,  and  even  without  any  con- 
I  piousness  of  effort,  if  that  plank  be  laid  across  a  chasm,  the  bottom 
I  f  which  is  so  far  removed  from  the  eye  that  the  visual  sense  gives  no 
I  -ssistance,  even  those  who  have  braced  their  nerves  against  all  emotional 

istraction,  feel  that  an  effort  is  requisite  to  maintain  the  equilibrium 

unng  their  passage  over  it ;  that  effort  being  aided  by  the  withdrawal  of 
I  ie  eyes  from  the  abyss  below,  and  the  fixation  of  them  on  a  point 
I  eyond,  which  at  the  same  time  helps  to  give  steadiness  to  the  move- 
*  "Outlines  of  Physiology,"  3rd  edit.,  p.  355. 
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ments,  and  distracts  the  mind  from  the  sense  of  its  danger.  The  degree 
in  which  the  4  muscular  sense  '  is  alone  sufficient  for  the  guidance  of  such 
movements,  when  the  mind  has  no  consciousness  of  the  danger,  and 
when  the  visual  sense  neither  affords  aid  nor  contributes  to  distract  the 
attention,  is  remarkably  illustrated  by  the  phenomena  of  Somnam- 
bulism ;  for  the  sleep-walker  traverses,  without  the  least  hesitation,  the 
narrow  parapet  of  a  house,  and  crosses  narrow  and  insecure  planks, 
clambers  roofs,  &c,  under  circumstances  that  clearly  indicate  the  nature 
of  the  guidance  by  which  he  is  directed. — The  dependence  of  our  ordi- 
nary power  of  maintaining  our  equilibrium,  upon  the  combination  of  the 
guiding  sensations  derived  through  the  sight  and  the  touch,  is  further 
well  illustrated,  as  Mr.  Mayo  has  pointed-out  (loc.  cit.),  by  what  happens 
to  a  landsman  on  first  going  to  sea.    "  It  is  long  before  the  passenger 
acquires  his  '  sea-legs.'    At  first,  as  the  ship  moves,  he  can  hardly  keep  j 
his  feet ;  the  shifting  lines  of  the  vessel  and  surface  of  the  water  unsettle 
his  visual  stability  ;  the  different  inclinations  of  the  planks  he  stands-on, 
his  muscular  sense.    In  a  short  time,  he  learns  to  disregard  the  shifting 
images  and  changing  motions,  or  acquires  facility  in  adapting  himself  I 
(like  one  on  horseback)  to  the  different  alterations  in  the  line  of  direction  I 
in  his  frame."    And  when  a  person  who  has  thus  learned  by  habit  to  I 
maintain  his  equilibrium  on  a  shifting  surface,  first  treads  upon  firm! 
ground,  he  feels  himself  almost  as  much  at  fault  as  he  did  when  he  first  I 
went  to  sea:  and  it  is  only  after  being  some  time  on  shore,  that  he  is  I) 
able  to  resume  his  original  manner  of  walking.    Indeed,  most  of  those  I 
who  spend  the  greater  part  of  their  time  at  sea,  acquire  a  peculiar  gait,l 
which  becomes  so  habitual  to  them,  that  they  are  never  able  to  throwf 
it  off. 

541.  But  further,  there  is  very  strong  physiological  evidence,  that  thel: 
Sensory  Ganglia  are  not  merely  the  instruments  whereby  our  voluntary!; 
movements  are  directed  and  controlled,  in  virtue  of  the  guiding  sen-|, 
sations  which  they  furnish,  but  that  they  are  actually  the  immediate!1 
centres  of  the  motor  influence  which  excites  muscular  contractions,  inl 
obedience  to  impulses  transmitted  downwards  from  the  Cerebrum.  Itj. 
has  usually  been  considered  that  the  Cerebrum  acts  directly  upon  thel 
muscles,  in  virtue  of  a  direct  continuity  of  nerve-fibres  from  the  greyl 
matter  of  its  convolutions,  through  the  Corpora  Striata,  the  motoA 
tract  of  the  Medulla  Oblongata,  the  anterior  portion  of  the  Spinal';- 
Cord,  and  the  anterior  roots  of  the  nerves ;  and  that  in  the  performance 
of  any  voluntary  movement,  the  Will  determines  the  motor  force  to  thai 
muscle  or  set  of  muscles  by  whose  instrumentality  it  may  be  producedj 
To  this  doctrine,  however,  the  anatomical  facts  already  stated  con}  ■ 
stitute  a  very  serious  objection ;  for  the  motor  tract  cannot  be  state* 
with  certainty  to  have  any  higher  origin  than  the  Corpora  Striata ;  and 
it  is  impossible  to  imagine  that  the  fibres  which  converge  towards  thj 
surface  of  these  bodies  from  all  parts  of  tlje  Cerebrum,  can  be  s|< 
closely  compacted-together  as  to  be  included  in  the  motor  columns  cj 
the  Spinal  Axis.    The  fact  would  rather  seem  to  be,  that  these  conl 
verging  fibres  bear  the  same  kind  of  anatomical  relation  to  the  Corpor! 
Striata  and  the  other  Sensorial  centres  of  motor  power,  as  do  the  fibrd  I 
of  the  afferent  nerves  which  proceed  to  them  from  the  Retina,  tni,, 
Schneiderian  membrane,  and  other  peripheral  expansions  of  nervoifcj 
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matter ;  aud  hence  we  might  infer  that  the  nerve-force  generated  in  the 
convolutions,  instead  of  acting  immediately  on  the  motor  nerves,  is  first 
directed  towards  the  Automatic  centres,  and  excites  the  same  kind  of 
motor  response  in  them,  as  would  be  given  to  an  impression  transmitted 
to  them  through  a  sensory  nerve.  We  shall  find  that  such  a  view  of 
the  structural  arrangements  of  these  parts  is  in  remarkable  accordance 
with  their  functional  relations,  as  indicated  by  a  careful  analysis  of  the 
mechanism  of  what  is  commonly  regarded  as  '  voluntary  '  movement. 
The  Cerebrum  may  thus  call  the  motor  apparatus  into  action,  as  the 
instrument  either  of  ideas,  of  emotions ,  or  of  volitional  determinations ;  but 
we  must  limit  our  present  examination  to  voluntary  movements  alone, 
■  having  been  usually  regarded  as  in  such  complete  antagonism  to 
those  of  the  automatic  group,  that  even  separate  sets  of  nerve-fibres  have 
been  thought  requisite,  to  account  for  the  transmission  of  these  two  dis- 
tinct orders  of  motor  impulses  to  the  muscles. 

542.  Now  in  the  first  place,  it  may  be  asserted,  with  some  confidence, 
that  no  effort  of  the  Will  can  exert  that  direct  influence  on  the  muscles, 
which  our  ordinary  phraseology,  and  even  the  language  of  scientific 
reasoners,  would  seem  to  imply  ;  but,  on  the  other  hand,  that  the  Will  is 
solely  concerned  in  determining  the  result ;  the  selection  and  combination 
of  muscular  movements  required  to  bring  about  this  result,  not  being 
effected  by  the  Will,  but  by  some  intermediate  agency.  If  it  were 
otherwise,  we  should  be  dependent  upon  anatomical  knowledge  for  our 
power  of  performing  the  simplest  movement  of  the  body  ;  whereas  we 
find  the  fact  to  be,  that  the  man  who  has  not  the  least  idea  of  the 
mechanism  of  muscular  action,  can  acquire  as  complete  a  command 
over  his  movements,  and  can  adapt  them  as  perfectly  to  the  desired  end, 
as  the  most  accomplished  anatomist  could  do.  Further,  we  cannot,  by 
any  exertion  of  the  will,  single-out  a  particular  muscle,  and  throw  it  into 
contraction  by  itself,  unless  that  muscle  be  one  Which  is  alone  concerned 
in  an  action  that  we  can  voluntarily  perform  ;  and  even  then  we  single  it 
out  by  willing  the  action.  Thus  we  can  put  the  levator  palpebral  in 
action  by  itself ;  but  this  we  do,  not  by  any  conscious  determination  of 
power  to  the  muscle  itself,  but  by  willing  to  raise  the  eyelids ;  and  it  is 
only  by  our  anatomical  knowledge  that  we  know  that  but  a  single  muscle 
is  concerned  in  this  movement.  So  far  as  our  own  consciousness  can 
inform  us,  there  is  no  difference  between  the  mechanism  of  this  action 
and  that  of  the  flexion  of  the  knee-  or  elbow-  joint ;  and  yet  in  these 
latter  movements,  several  muscles  are  concerned,  not  one  of  which  can  be 
smgled-out  by  any  effort  of  the  will,  and  thrown  into  action  separately 
from  the  rest. — The  idea  that  the  will  is  directly  exerted  upon  the  muscles 
called  into  action  to  produce  a  particular  movement,  may  seem  to  derive 
some  support  from  the  sense  of  muscular  effort  of  which  we  are  conscious 
in  making  the  exertion,  and  which  we  refer  to  the  muscles  which  are 
concerned  in  it;  but  this  sense  of  effort  is  nothing  else  than  the  '  mus- 
cular sense'  already  alluded-to,  which  has  its  origin  in  the  state  of  tension 
°f  the  muscles,  and  which  is  no  more  an  indication  of  mental  effort 
directed  to  them,  than  the  sensation  of  light  or  sound  is  an  indication  of 
p  determination  of  voluntary  power  to  the  eyes  or  ears. 

:»43.  There  are  two  cases,  already  referred-to  under  another  head,  in 
"  Inch  it  is  very  easy  to  show  that  the  Will  is  concerned  with  the  result 
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alone,  and  is  not  directly  exerted  upon  the  instruments  by  which  that 
result  is  brought  about :  these  are,  the  movements  of  the  Eyes,  and  the 
production  of  Vocal  tones.  In  neither  of  them  are  we  conscious  of  any 
effort  in  the  muscular  apparatus,  unless  the  contraction  be  carried  beyond 
its  accustomed  extent ;  the  ordinary  movements  being  governed,  as  already 
remarked,  not  by  the  muscular  sense,  but  by  the  visual  and  auditory 
senses  respectively. — Nothing  can  be  more  simple,  to  all  appearance, 
than  the  act  of  turning  the  eyes  upwards  or  downwards,  to  one  side  or 
the  other,  in  obedience  to  a  determination  of  the  Will ;  and  yet  the  Will 
does  not  impress  such  a  determination  upon  the  muscles.  That  which 
the  Will  really  does,  is  to  cause  the  eyeballs  to  roll  in  a  given  direction, 
in  accordance  with  a  visual  sensation ;  and  it  is  only  when  there  is  an 
object  towards  which  the  eyes  can  be  turned,  that  we  can  move  them 
with  our  usual  facility.  When  the  eyelids  are  closed,  and  we  attempt  to 
roll  the  globes  upwards  or  downwards,  to  one  side  or  to  the  other,  we  feel 
that  we  can  do  so  but  very  imperfectly,  and  with  a  sense  of  effort  referred 
to  the  muscles  themselves, — this  sense  being  the  result  of  the  state  of 
tension  in  which  the  muscles  are  placed  by  the  effort  to  move  the  eyes 
without  the  guiding  visual  sensation.  Now,  on  the  other  hand,  the  Will 
may  determine  to  fix  the  eyes  upon  an  object ;  and  yet  this  very  fixation 
may  bo  only  attainable  by  a  muscular,  movement,  which  movement  is 
directly  excited  by  the  visual  sense,  without  any  exertion  of  voluntary 
power  over  the  muscles.  Such  is  the  case  when  we  determinately  look 
steadily  at  an  object,  while  we  move  the  head  horizontally  from  side  to  side; 
for  the  eyeballs  will  then  be  moved  in  the  contrary  direction  by  a  kind  of 
instinctive  effort  of  the  external  and  internal  recti,  which  tends  to  keep  the 
retina;  in  their  first  position,  and  to  prevent  the  motion  of  the  images 
over  them.  So,  when  we  look  steadily  at  an  object,  and  incline  the  head 
towards  either  shoulder,  the  eyeballs  are  rotated  upon  their  anteropos- 
terior axis  (probably  by  the  agency  of  the  oblique  muscles)  apparently 
with  the  very  same  purpose, — that  of  preventing  the  images  from  moving 
over  the  retina3  (see  chap,  xv.,  Sect.  3).  Now  we  cannot  refuse  to  this 
rotation  any  of  the  attributes  which  really  characterize  the  so-called 
voluntary  movements ;  and  yet  we  are  not  even  informed  by  our  own 
consciousness  that  such  a  movement  is  taking  place,  but  know  it  only  by 
observation  of  others,  or  by  the  reflection  in  a  mirror. 

544.  The  muscular  contractions  which  are  concerned  in  the  production 
of  Vocal  tones,  are,  in  like  manner,  always  accounted  voluntary ;  and  yet^ 
it  is  easy  to  show  that  the  Will  has  no  direct,  power  over  the  muscles  oi 
the  larynx.    For  we  cannot  raise  or  depress  the  larynx  as  a  whole,  nor  i 
move  the  thyroid  cartilage  upon  the  cricoid,  nor  separate  or  approximate 
the  arytenoid  cartilages,  nor  extend  or  relax  the  vocal  ligaments,  by 
simply  willing  to  do  so,  however  strongly.    Yet  we  can  readily  do  any 
or  all  these  things,  by  an  act  of  the  Will  exerted  for  a  specific  purpose. 
We  conceive  of  a  tone  to  be  produced,  and  we  will  to  produce  it ;  al 
certain  combination  of  the  muscular  actions  of  the  larynx  then  *?*e  \ 
place,  in  most  exact  accordance  with  one  another ;  and  the  predetermine  | 
tone  is  the  result.    This  anticipated  or  conceived  sensation  is  the  gui  J 
to  the  muscular  movements,  when  as  yet  the  utterance  of  the  voice  iasi 
not  taken  place  ;  but  whilst  we  are  in  the  act  of  speaking  or  singing,  I 
contractile  actions  are  regulated  by  the  present  sensations  derived  4 
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he  sounds  as  they  are  produced. — It  can  scarcely  but  be  admitted,  then, 
hat  the  Will  does  not  directly  govern  the  movements  of  the  Larynx ; 
nit  that  these  movements  are  immediately  dependent  upon  some  other 
gency. 

545.  Now  what  is  true  of  the  two  preceding  classes  of  actions,  is 
anally  true  of  all  the  rest  of  the  so-called  voluntary  movements  ;  for  in 
ach  of  them  the  power  of  the  Will  is  really  limited  to  the  determination 
>f  the  result ;  and  the  production  of  that  result  is  entirely  dependent  upon 
he  concurrence  of  a  'guiding  sensation,'  which  is  usually  furnished  by 
be  very  muscles  that  are  called  into  action.  It  is  obvious,  therefore, 
hat  we  have  to  seek  for  some  intermediate  agency,  which  executes  the 
ctions  determined  by  the  Will ;  and  when  the  facts  and  probabilities 
heady  stated  are  duly  considered,  they  tend  strongly  in  favour  of  the 
lea  that  even  voluntary  movements  are  executed  by  the  instrumentality 
f  the  Automatic  apparatus,  and  that  they  differ  only  from  the  auto- 
matic or  instinctive  in  the  nature  of  the  stimulus  by  which  they  are 
xcited, — the  determination  of  the  Will  here  replacing,  as  the  exciting 
ause  of  its  action,  the  sensory  impression  which  operates  as  such  in 
le  case  of  an  instinctive  movement,  and  Avhich  is  still  requisite  for  its 
i  uidance. 

5-46.  This  view  of  the  case  derives  a  remarkable  confirmation  from 
le  analysis  of  two  classes  of  very  familiar  phenomena  :  the  first  consist- 
;g  of  cases  in  which  movements  that  are  ordinarily  Automatic  are  per- 
>rmed  by  Voluntary  determination,  or  simply  in  respondence  to  an  Idea; 
I  le  second  consisting  of  those  in  which  movements  originally  Voluntary 
pme  by  habit  to  be  Automatically  performed. — Of  the  first  class,  the  act 
I  F  Coughing  is  a  good  example.  This  action,  which  is  ordinarily  automatic, 
riay  also  be  excited  by  a  voluntary  determination ;  such  a  determination, 
however,  is  directed  to  the  result,  rather  than  exercised  in  singling-out 

I  ie  different  movements  and  then  combining  them  in  the  necessary 
k  -quence ;  and  the  Will  thus  seems  obviously  to  take  the  place  of  the 
t.  ryngeal  or  tracheal  irritation,  as  the primum  mobile  of  the  series,  which, 

I I  its  actual  performance,  is  as  automatic  in  the  latter  case  as  in  the 
rmer.   So,  again,  we  know  that  many  of  the  automatic  movements 

I  mch  have  been  already  referred-to  as  examples  of  the  sensori-motor 
[  '0UP  (§  535),  and  which  the  Will  cannot  call-forth,  may  be  performed 
respondence  to  ideas  or  conceptions,  which  are  Cerebral  states  that 
I  em  to  recal  the  same  condition  of  the  Sensorium  as  that  which  was 
I  iginally  excited  by  the  Sensory  impression.  Thus  it  is  well  known  that 
I  e  act  of  Vomiting  may  be  induced  by  the  remembrance  of  some  loath- 
1  me  object  or  nauseous  taste,  excited  by  some  act  of  '  suggestion  ;'  and 
1  e  Author  has  known  an  instance  in  which  a  violent  fit  of  sea-sickness 
j  is  brought-on  by  the  sight  of  a  vessel  tossed  about  at  sea,  which 
I  called  the  former  experience  of  that  state.    So  the  Hydrophobic 
roxysm  may  be  excited  by  the  mention  of  the  name  of  water,  which  of 
I  urse  calls  up  the  idea;  and  a  tendency  to  yawn  is  in  like  manner 
I  iquently  induced  by  looking  at  a  picture  of  yawners,  or  by  speaking  of 
,  -  act,  or  by  voluntarily  commencing  the  act  which  may  then  be 
tomatically  completed. — The  automatic  performance  of  actions  which 
re  originally  voluntary  has  already  been  fully  discussed  (§  537) ;  and 
nave  therefore  only  to  remark  here,  that  the  fact  very  strongly  sup- 
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ports  the  view  now  advanced,  as  to  the  singleness  of  the  mechanism  which 
serves  as  the  instrument  of  both  classes  of  actions,  and  the  essential 
uniformity  of  its  operation  in  the  two  cases. — It  would  be  difficult  to 
explain  either  set  of  phenomena  satisfactorily,  on  the  hypothesis  that 
there  is  a  'distinct  system'  of  fibres  for  the  volitional  and  for  the  automatic 
movements  ;  since  it  is  not  readily  to  be  conceived  how  a  set  of  move- 
ments originally  performed  by  the  one  can  ever  be  transferred  to  the 
other  ;  whilst,  on  the  other  hand,  it  is  easy  to  understand  how  the  same 
motorial  action  may  be  excited  in  the  automatic  centres,  either  by  an 
external  impression  conveyed  thither  by  an  afferent  nerve  from  a 
Sensory  surface  (as  that  of  the  irritation  in  the  air-passages,  which 
excites  the  act  of  coughing),  or  by  a  stimulus  proceeding  from  the  con- 
voluted surface  of  the  Cerebrum,  and  conveyed  along  those  connecting 
fibres  which  Reil  with  great  sagacity  termed  the  '  nerves  of  the  internal 
senses.' 

547.  To  sum-up,  then,  we  seem  justified  in  concluding  that  the  Cranio- 
spinal Axis  of  Man  and  other  Vertebrata, — consisting  of  the  Sensory 
Ganglia,  Medulla  Oblongata,  and  Spinal  Cord, — is  (like  the  chain  of 
cephalic  and  ventral  ganglia  of  Articulata  with  which  it  is  homologous) 
the  immediate  instrument  of  all  sensorial  and  motor  changes  ;  that  by  its 
sole  and  independent  action  are  produced  all  those  movements  which  are 
ranked  as  automatic  or  instinctive,  these  being  performed  in  respondence 
to  external  impressions  which  may  or  may  not  affect  the  consciousness; 
but  that  when  acting  in  subordination  to  the  Cerebrum,  the  Cranio- 
spinal Axis  transmits  upwards  to  it  the  influence  of  Sensorial  changes, 
and  receives  from  it  the  downward  impulses,  which  it  directs  automa- 
tically into  the  appropriate  channel  for  the  execution  of  the  movements 
which  the  Mind  has  directed.    The  number  of  purely-automatic  actions 
diminishes  in  proportion  to  the  development  of  the  Cerebrum,  and  to  the 
subjection  of  the  Automatic  apparatMs  to  its  control ;  but  even  in  Man, 
those  most  closely  connected  with  the  maintenance  of  the  organic  func- 
tions, or  most  necessary  for  the  conservation  of  the  bodily  structure, 
remain  quite  independent  of  any  mental  agency,  and  most  of  them  d 
not  require  consciousness  for  their  excitation.    But  if  the  activity  of  th 
Cerebrum  be  suspended  or  be  otherwise  directed,  without  any  affectio 
of  the  automatic  apparatus,  movements  which  have  long  been  habituall 
performed  in  a  particular  sequence,  may  be  kept-up,  when  the  will  ha 
once  set  them  in  action,  through  the  automatic  mechanism  alone ;  th 
impressional  or  sensational  change  produced  by  each  action,  supplym 
the  stimulus  which  calls-forth  the  next. — It  may  further  be  conclude 
that  the  Sensory  Ganglia,  which  are  the  instruments  whereby  we  ar 
rendered  conscious  of  external  impressions,  are  also  the  seat  of  tho 
simple  feelings  of  pleasure  and  pain  which  are  immediately  linked-on  t 
that  consciousness  :  for  it  can  scarcely  be  doubted  that  such  feelings  mus 
be  associated  with  particular  sensations,  in  animals  that  have  no  ganglioni 
centres  above  these  ;  since  we  must  otherwise  regard  the  whole  series 
Invertebrated  tribes  as  neither  susceptible  of  enjoyment,  nor  capable 
feeling  pain  or  discomfort.    And  it  likewise  seems  probable  that  tn 
Sensory  Ganglia  are  also  the  seat  of  those  perceptional  acts,  which  bnn 
the  consciousness  into  direct  relation  with  the  external  object  t  ir 
aroused  the  sensation  ;  since  the  recognition  of  externality  seems  evi  eL 
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in  the  actions  of  the  tribes  just  referred  to.*  A  few  remarks  may  here 
perhaps  appropriately  be  introduced,  indicating  the  effects  of  lesion  of 
the  several  ganglia  at  the  base  of  the  brain  from  above  downwards.  In 
the  event  of  lesion,  as  haemorrhage,  occurring  in  front  of  or  above  the 

II  corpora  striata,  no  paralysis  either  motor  or  sensory  is  observed  unless 
the  damage  be  very  great.  The  intellectual  faculties  are  probably  always 

X  more  or  less  affected,  though  it  may  not  be  easy  to  determine  in  what 

it  mode  or  to  what  degree.  As  will  subsequently  be  shown,  if  the  posterior 
frontal  convolutions,  especially  of  the  left  side,  be  affected,  aphasia  is 
likely  to  occur.  If  the  haemorrhage  occiir  in  the  Corpus  Striatum,  there 
is  motor  paralysis  of  the  opposite  side  only.  If  in  the  Thalamus  Opticus, 
there  would  be  motor  paralysis  of  the  opposite  side,  with  more  or  less 
;  paralysis  of  sensation.    If  in  the  Crus  Cerebri  there  would  be  paralysis 

[In  of  the  opposite  side,  which  might  be  either  motor  or  sensory,  or  both. 
If  the  muscles  of  the  eye  be  paralysed,  it  is  on  the  same  side,  and  would 

t    chiefly  affect  those  supplied  by  the  third.    If  in  the  Pons,  there  would 

jf  be  paralysis  of  motion  or  of  sensation,  or  of  both,  of  the  opposite  side  of 
,  the  body  and  the  same  side  of  the  face, — in  those  muscles  mainly  sup- 
j  plied  by  the  5th  and  7th,  that  is — there  would  be  crossed  paralysis.  If 
in  the  Medulla  Oblongata,  the  great  centres  of  respiration,  deglutition, 

>t\  &c->  would  be  affected,  and  a  fatal  issue  soon  occurs. 

4.  Of  the  Cerebellum,  and  its  Functions. 

548.  The  Cerebellum  is  an  organ  which,  though  confined  to  the  Ver- 
;  t  tebrated  sub-Kingdom,  is  yet  in  peculiarly-intimate  relation  with  the 
|i  Automatic  apparatus.    In  that  highest  state  of  development  which  it 
i  I  presents  in  Man,  we  find  it  to  consist  of  two  lateral  lobes  or  hemispheres, 
i  composed  of  nerve-fibres  invested  in  a  very  peculiar  manner  by  vesicular 
substance,  and  of  a  central  lobe,  also  containing  a  combination  of  the 
vesicular  and  fibrous  substances,  which  is  known  under  the  designation 
i    of  the  '  vermiform  process.'    The  hemispheres  are  connected  with  each 
r  other  not  only  by  this  central  lobe,  but  also  by  the  fibrous  commissure 
which  passes  beneath  the  Medulla  Oblongata,  and  is  known  as  the  '  Pons 
^  arolii.'    The  commissural  fibres  form  part  of  the  '  Crura  Cerebelli ;' 
:  but  another  portion  is  formed  by  the  strands  which  connect  the  Cere- 
.  bellum  with  the  anterior  and  posterior  columns  of  the  Spinal  Cord  and 
Medulla  Oblongata  (§  489)  ;  and  in  addition  to  these,  we  find  a  fasciculus 
of  fibres  passing  between  the  Cerebellum  and  the  Corpora  Quadrigemina, 
-he  '  iter  a  cerebello  ad  testes.'  The  peduncle  of  its  hemispheres  on  either 
J  side  contains  a  mass  of  grey  matter,  the  1  corpus  rhomboideum,'  or 
\  dentatum,'  which  seems  to  be  a  ganglionic  centre  for  the  fibres  that 
8  upwards  to  it  from  the  Spinal  Cord.    The  Cerebellum  has  no  direct 
V  connection  with  the  Cerebrum,  and  its  relations  are  entirely  with  the 
1 1  -^anio- Spinal  Axis.f    The  inquiries  of  Engel  %  have  shown  that  the 

I  ,  *  It  may  here  be  remarked  that  the  term  Sensation  is  now  understood  to  imply  the 
I  iniple  consciousness  of  an  impression,  whilst  Perception  refers  that  impression  to  some- 
f  lr'g  out  of  the  ego.  For  the  production  of  a  Sensation  a  conscious  state  of  the  mind 
r  »a  that  is  required;  but  for  the  exercise  of  the  Perceptive  power  a  certain  degree  of 
1  P  n  18  requisite. 

f  kl  Z°r  an  adrnirable  description  of  the  Human  Cerebellum,  see  Stilling's  Essay  on 
I  Structure  of  the  Organ.  Cassel,  1867. 
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development  of  the  Cerebellum  is  completed  in  infancy,  and  remains 
unaltered  up  to  the  50th  year,  after  which  the  number  of  the  lamellae 
especially  of  the  sivperior  vermiform  process,  begin  to  diminish. 

549.  When  we  examine  into  the  relative  development  of  the  Cere- 
bellum in  the  different  classes  of  Vertebrata,  we  find  that  it  presents 
some  very  remarkable  differences.*    In  its  simpler  forms,  this  organ  is 
found  to  consist  entirely  of  the  representative  of  the  central  lobe  of  the  I 
Human  Cerebellum,  the  hemispheres  not  making  their  appearance  until! 
we  have  ascended  to  the  class  of  Birds.    On  ascending  the  scale  of I 
Mammiferous  animals,  on  the  other  hand,  we  cannot  but  be  struck  with  I 
the  rapid  advance  in  the  proportional  size  of  the  Cerebellum,  which  wel 
observe  as  we  rise  from  the  lowest  (which  are  surpassed  in  this  respect! 
by  many  Birds),  towards  Man,  in  whom  it  attains  a  development  which! 
appears  enormous,  even  when  contrasted  with  that  of  the  Quadru-I 
mana.    In  proportion,  in  fact,  as  the  extremities  acquire  the  power  off 
prehension,  and  together  with  this  a  power  of  application  to  a  great! 
variety  of  purposes, — still  more,  in  proportion  as  the  animal  becomes! 
capable  of  maintaining  the  erect  posture,  in  which  a  constant  muscular! 
exertion,  consisting  of  a  number  of  most  elaborately-combined  actions, 
is  required, — do  we  find  the  size  of  the  Cerebellum,  and  the  complexity 
of  its  structure,  undergoing  a  rapid  increase.    Thus,  even  between  the 
Dog  and  the  Bear  there  is  a  marked  difference  ;  the  latter  being  capable  Ji 
of  remaining  for  some  time  in  the  erect  posture,  and  often  spontaneously  ji 
assuming  it ;  whilst  to  the  former  it  is  anything  but  natural.    In  the 
semi  -erect  Apes,  again,  there  is  a  very  great  advance  in  the  propor- 1. 
tional  size  of  the  Cerebellum ;  and  those  which  most  approach  Man  in 
the  tendency  to  preserve  habitually  the  erect  posture  also  come  nearest  [j 
to  him  in  the  dimensions  of  this  organ. — Thus  on  looking  at  the  size  oi 
the  Cerebellum,  in  relation  to  the  general  motor  activity  of  the  Verte-  |i 
brated  classes  respectively,  and  especially  taking  into  account  the  vanetil 
of  their  respective  movements,  and  the  number  of  separate  musculail 
actions  which  are  combined  in  each,  we  can  scarcely  help  noticing  than 
it  is  in  the  tribes  which  are  most  distinguished  in  these  respects,  that  thtf 
largest  Cerebellum  is  usually  found.    Now  it  is  evident  that  ManJ 
although  far  inferior  to  many  of  the  lower  animals  in  the  power  of  per-j 
forming  various  particular  kinds  of  movement,  far  surpasses  them  all  n*. 
the  number  and  variety  of  the  combinations  which  he  is  capable  o. 
executing,  and  in  the  complexity  of  the  combinations  themselves.  Thusl 
if  we  attentively  consider  the  act  of  walking,  we  shall  find  that  there  li. 
scarcely  a  muscle  of  the  trunk  or  extremities  which  is  not  actively  conf 
cerned  in  it ;  some  being  engaged  in  performing  the  necessary  moye| 
ments,  and  others  in  maintaining  the  equilibrium  of  the  body  whica 
is  disturbed  by  them.    On  the  other  hand,  in  the  Horse  or  Camel,  thj 
muscular  movements  are  individually  numerous,  but  they  do  notrequirj 
nearly  the  same  perfect  co-ordination.    And  in  the  Bird,  the  number  cj 
muscles  employed  in  the  movements  of  flight,  and  in  directing  the  cours 

*  See  "Princ.  of  Comp.  Phys.,"  §  635.— Fuller  information  on  this  point  will  J 
found  in  M.  Serres'  "  Anat.  Comp.  du  Cerveau,"  and  M.  Leuret  s    Anat.  oomp. 
Systeme  Nerveux. "— For  a  general  discussion  of  the  evidence  afforded  by  oo mp*  . 
Anatomy  in  regard  to  the  functions  of  the  Cerebellum,  Bee  the  "  Brit,  and  J?oi.  me  fJl 
ltev.,"  vol.  xxii.  pp.  535-541. 
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of  these,  is  really  comparatively  small ;  as  may  at  once  be  perceived,  by 
comparing  the  rigidity  of  the  skeleton  of  the  trunk  of  the  Bird  with  that 
of  Man,  and  by  remembering  the  almost  complete  inactivity  of  the  lower 
extremities  during  the  active  condition  of  the  upper.  In  fact,  the 
motions  of  the  wings  are  so  simple  and  regular,  as  to  suggest  the  idea, 
that,  as  in  Insects,  their  character  is  more  reflex  than  voluntary : — an 
idea  which  is  supported  by  the  length  of  time  during  which  they  can  be 
kept-up  without  apparent  fatigue,  and  also  by  the  important  facts 
already  mentioned  (§  526),  which  experimental  research  has  disclosed. 

550.  We  have  next  to  inquire  what  evidence  can  be  drawn  from 
Experimental  investigations  on  the  same  subject :  and  in  reference  to 
this  it  is  desirable  to  remark,  in  the  first  place,  that  the  experimental 
mode  of  inquiry  is  perhaps  more  applicable  to  this  organ  than  to  other 
parts  of  the  Encephalon ;  inasmuch  as  it  can  be  altogether  removed 
with  little  disturbance  of  the  actions  immediately  essential  to  life,  the 
animals  soon  recovering  from  the  shock  of  the  operation,  and  seeming 
:>ut  little  affected  except  in  some  easily-recognized  particulars.  The 
irincipal  experimenters  upon  this  subject  have  been  Rolando,  Flourens, 
\lagendie,  Hertwig,  Longet,  Schiff ,  Brown-Sequard,  and  Wagner.    It  is 
lot  to  be  expected  that  there  should  be  an  exact  conformity  among  the 
•esults  obtained  by  all.    Every  one  who  has  been  engaged  in  physio- 
ogical  experiments  is  aware  of  the  amount  of  difference  caused  by  very 
ninute  variations  in  their  circumstances  ;  in  no  department  of  inquiry 
s  this  more  the  case,  than  in  regard  to  the  Nervous  System ;  and  such 
rlifferences  are  yet  more  likely  to  occur  in  experiments  made  upon  its 
centres,  than  in  those  which  concern  its  trunks. — The  investigations  of 
l.|1lourens*  seem  the  most  clear  and  decisive  in  their  results ;  and  of 
I-  iese  we  shall  accordingly  take  a  general  survey.    He  found  that,  when 
\  :ie  Cerebellum  was  mechanically  injured,  the  animals  gave  no  signs  of 
L  msibility,  nor  were  they  affected  with  convulsions.    When  the  Cere- 
ellum  was  being  removed  by  successive  slices,  the  animals  became 
It  istless,  and  their  movements  were  irregular  ;  and  by  the  time  the  last 
:  ortion  of  the  organ  was  cut  away,  the  animals  had  entirely  lost  the 
blower  of  springing,  flying,  walking,  standing,  and  preserving  their 
i  luilibrium, — in  short,  of  performing  any  combined  muscular  move- 
|  lents,  which  are  not  of  a  simply-reflex  character.    When  an  animal  in 
I  lis  state  was  laid  upon  the  back,  it  could  not  recover  its  former 
isture ;  but  it  fluttered  its  wings  and  did  not  lie  in  a  state  of  stupor. 
I  ^hen  placed  in  the  erect  position,  it  staggered  and  fell  like  a  drunken 
•in, — not,  however,  with  out  making  efforts  to  maintain  its  balance.  When 
I  ireatened  with  a  blow,  it  evidently  saw  it,  and  endeavoured  to  avoid 
I  •    It  did  not  seem  that  the  animal  had  in  any  degree  lost  voluntary 
I  nver  over  its  several  muscles ;  nor  did  sensation  appear  to  be  impaired. 
I  he  faculty  of  combining  the  actions  of  the  muscles  in  groups,  however, 
r  as  completely  destroyed ;  except  so  far  as  those  actions  (like  that  of 
|  sspiration)  were  dependent  only  upon  the  reflex  function  of  the  Spinal 
f  )rd.    The  experiments  afforded  the  same  results,  when  made  upon  each 
| 133  °f  Vertebrated  animals ;  and  they  have  been  since  repeated,  with 
I  «rly  corresponding  effects,  by  Bouillaud,  Hertwig,  and  by  many  other 

'Rcchcrches  Exp&im.  sur  les  Propri«St6s  et  les  Functions  du  Systome  Nerveux." 
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experimenters.*  Wagner  found  that  the  chief  symptoms  produced  in 
Pigeons  from  which  he  had  removed  the  whole  or  the  greater  part  of  the 
Cerebellum  were — 1.  A  remarkable  tendency  on  the  part  of  the  animal 
to  throw  itself  on  one  side,  and  to  keep  the  legs  completely  extended 
with  an  indisposition  to  move  them,  though  it  was  still  evidently  capable 
of  flexing  them  by  an  effort  of  the  will.  2.  Torsion  of  the  head  on  the 
neck.  3.  Persistent  trembling  of  the  muscles  of  the  body  generally, 
resembling  paralysis  agitans.  4.  Vomiting  frequently  accompanied  b 
liquid  alvine  evacuations ;  and  5.  The  animals  became  thinner,  the 
feathers  fell  off,  and  the  temperature  was  much  depressed.  No  symptoms 
were  observed  having  reference  to  the  generative  organs.  The  percep- 
tion of  sensations  and  the  performance  of  psychical  operations  appeared 
to  be  perfect ;  and  though  the  voluntary  control  over  the  muscles  was 
somewhat  impaired,  it  was  manifestly  not  altogether  lost.  Hertwig,  and 
especially  Dalton,-]"  have  moreover  shown  that  in  pigeons  a  very  consider- 
able portion  (two-thirds)  of  the  Cerebellum  may  be  removed  with  so 
little  disturbance  of  the  voluntary  movements,  that  after  a  few  days  the 
effects  were  scarcely,  if  at  all  perceptible.  Lussana  observes  that  the 
results  of  irritation  of  the  Cerebellum  are  usually  vomiting,  cephalalgia, 
convulsions,  and  affections  of  the  pupil,  strabismus,  amblyopia,  &c. ;  an 
he  believes  that  in  every  case  of  extensive  disease  of  the  Cerebellum 
there  are  concurrent  symptoms  of  disorder  of  the  muscular  movements, 
indicative  of  defect  or  absence  of  the  u  muscular  sense."- 

551.  It  was  further  affirmed  by  Magendie,  that  the  removal  of  th 
Cerebellum,  or  the  infliction  of  a  deep  wound  in  its  substance  on  bot 
sides,  occasions  the  animal  to  move  backwards  as  if  by  an  irresistibl 
impulse  ;  and  this  he  attributed  to  the  retrograde  power  of  the  Corpo 
Striata,  which  now  acts  without  its  due  balance.  That  such  a  movemen 
does  sometimes  present  itself  after  such  injuries  as  have  been  described 
cannot  be  questioned,  the  fact  having  been  confirmed  by  other  experi 
menters ;  but  it  is  a  phenomenon  of  such  rarity,  that  it  cannot.be  rightl 
considered  as  having  any  direct  dependence  upon  the  injury  of  the  Cere 
bellum,  but  must  be  rather  set-down  to  some  accidental  complication  o 
concurrent  disturbance ;  more  especially  since,  as  already  pointed-ou 
(§  547),  the  function  attributed  by  Magendie  to  the  Corpora  Striata  h 
no  real  existence. — But  the  results  of  section  of  one  of  the  Crura  Cere 
belli,  which  were  first  obtained  by  Magendie,  are  much  more  constant 
for  the  performance  of  this  operation  causes  the  animal  to  fall-over  upo 
one  side,  and  to  continue  rolling  upon  its  longitudinal  axis,  even  as  f; 
(in  some  instances)  as  sixty  times  in  a  minute,  the  movement  gomg-o 
for  many  days  without  intermission.  There  is  a  remarkable  difference 
the  statements  of  different  experimenters,  however,  as  regards  the  directio 
of  this  rolling  movement ;  for  whilst  Magendie  and  Miiller  affirm  that 
takes-place  towards  the  injured  side,  Longet  and  Lafargue  assert  that 
takes-place  from  the  injured  side  towards  the  opposite  side.  This  di 
crepancy appears,  from  the  experiments  of  Schiff,J  to  be  due  to  a  differen 

*  See  Wagner,  in  Brown-Sequard's  "Journal  de  la  Physiol.,"  1861l#  PP-,,2^?. 
404 ;  Lussana  in  idem,  1862,  p.  418, 1863,  p.  170  ;  MM.  Leven  and  Olhyier,  Arc. 
Gen.  de  MeU,"  Nov.  and  Dec.  1862  ;  Dalton,  "  American  Journal  of  Med.  w«« 
1861,  vol.  xli.  p.  83;  Brown-Sequard,  "  Central  Nervous  System,"  i860. 

f  "  American  Journ.  of  Med.  Sciences,"  1861,  vol.  xli.  p.  83.  Jg 
X  "  De  vi  motoria  baseos  encephali  inquisitiones  experimentales,  BocKennei  . 
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in  the  locality  of  the  section  ;  for  he  states  that  if  the  peduncle  be  divided 
from  behind,  the  animal  turns  towards  the  side  on  which  the  section  is 
made ;  whilst  if  the  section  be  made  in  front,  the  animal  turns  from  that 
side  towards  the  opposite  one.    This  difference  is  explained  by  Longet, 
by  the  difference  in  the  course  of  the  anterior  and  posterior  fibres  of  the 
peduncles:  for  according  to  him,  the  former  communicate  with  the  decus- 
sating, and  the  latter  with  the  non-decussating  portion  of  the  motor  tract ; 
so  that,  when  the  former  are  injured,  the  animal  loses  control  over  the 
muscles  of  the  opposite  side,  and  when  the  latter,  over  the  muscles  of  the 
same  side.    This  rolling  movement  is  attributed  by  some  to  the  continued 
activity  of  the  muscles  on  one  side,  now  unbalanced  by  that  of  the  muscles 
;.n  the  other  ;  but  if  such  were  the  case,  as  Longet  justly  remarks,  it 
Diight  to  occur  more  frequently  than  it  does  in  cases  of  ordinary  hemi- 
plegia;  and,  according  to  that  experimenter,  observation  shows  that  it 
•ather  depends  on  a  twisting  movement  of  the  spinal  column,  especially 
Itiffecting  its  anterior  portion,  and  dragging  the  posterior  (as  it  were)  after 
t.*    Thus  M.  Brown-Sequard,"j"  who  has  shown  that  similar  rolling 
j  novements  may  be  produced  by  lesions  of  other  parts  of  the  nervous 
i  centres,  as  the  Spinal  Cord,  Medulla  Oblongata,  and  Pons,  observes  that 
:  he  movements  do  not  resemble  those  affected  by  voluntary  muscles  ;  but 
}  hat,  in  consequence  of  the  tonic  contraction  into  which  some  muscles  are 
hrown,  the  trunk  and  neck  of  the  animal  are  twisted,  as  far  as  the  bones 
;  rill  permit,  into  the  form  of  a  corkscrew.    He  attributes  the  phenomena 
a  question,  which  the  animal  evidently  endeavours  to  check,  to  the  irri- 
ition  of  a  peculiar  set  of  nerve-fibres  not  usually  employed  by  the  will, 
j  he  division  of  which  does  not  cause  paralysis,  though  they  may  serve  as 
;|  he  conductors  of  powerful  motor  impulses  to  special  groups  of  muscles. 
,  JjUM.  Lev  en  and  Ollivier,  operating  on  guinea-pigs,  found  that  pricking 
|  le  Cerebellum  produced  well-marked  movements  of  rotation,  usually  pro- 
I  ceding  from  the  side  injured  towards  the  opposite  side.    They  did  not 
1 1  bserve  any  disorders  of  the  alimentary  canal  similar  to  those  noticed  by 
ri  Vagner  and  others,  after  ablation  of  portions  of  the  Cerebellum. 

552.  The  information  supplied  by  Pathological  phenomena,  when  in- 
j  '.rpreted  with  the  cautions  formerly  referred- to,  is  found  on  the  whole  to 
I  )incide  with  that  obtained  from  experiment.    In  the  first  place,  it  fully 
i  ipports  the  conclusion,  that  the  Cerebellum  is  not  in  any  way  the  instru- 
j  ent  of  psychical  operations.    Inflammation  of  the  membranes  covering 
I ,  if  confined  to  that  part,  does  not  produce  delirium ;  and  its  almost 
>mplete  destruction  by  gradual  softening  does  not  appear  necessarily  to 
j  volve  loss  of  intellectual  power.    "  But,"  remarks  Andral,  "  whilst  the 
|.  ianges  of  intelligence  were  variable,  inconstant,  and  of  little  importance, 
I  e  lesions  of  motion,  on  the  contrary,  were  observed  in  all  the  cases  [of 
I  ftening]  except  one ;  and  in  this  it  is  not  quite  certain  that  motion  was 
I  >t  interfered  with."    Yet  the  result  of  Andral's  analysis  of  as  many  as 
I  nety-three  cases  of  disease  of  the  Cerebellum,  J  is  not  favourable  to  the 
»  ctrine  to  which  the  results  of  experiments  seem  to  point :  but,  as  it  has 
I  en  justly  remarked  by  Longet,  the  effects  of  disease  are  only  partly 
|  mparable  to  those  of  experiment ;  since  in  a  large  proportion  of  chronic 

*  See  his  "  Traits  de  Physiologie,"  torn.  ii.  p.  408,  1860. 

t  "  Central  Nervous  System,"  I860,  p.  193. 

X  See  his  "  Clinique  M<3dicale,"  26me  edit.  torn,  v  p.  735. 
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disorders,  the  changes  consist  in  the  formation  of  a  new  product  such  ai 
a  tubercular  or  cancerous  deposit,  or  a  cyst  of  some  kind,  the  gradual 
development  of  which  is  quite  consistent  with  the  continued  functional 
activity  of  the  organ,  as  we  see  by  parallel  phenomena  elsewhere  •  whilst 
in  those  instances  in  which  hemorrhage  occurs,  this  usually  occasions 
either  complete  apoplexy  or  local  paralysis,  by  its  effects  upon  other 
organs.    Still,  several  cases  of  chronic  disease  of  the  Cerebellum  have 
been  observed,  in  which  unsteadiness  of  gait,  without  paralysis,  or  only 
giving-place  to  paralysis  at  last  on  the  occurrence  of  haemorrhage,  was  a 
very  marked  symptom  ;*  and  these  afford  a  strong  confirmation  of  the 
doctrine  based  on  the  experimental  researches  already  referred-to.  In 
a  few  cases  in  which  both  lobes  of  the  Cerebellum  have  been  seriously 
affected,  the  tendency  to  retrograde  movement  has  been  observed;  and 
instances  are  also  on  record,  of  the  occurrence  of  rotatory  movement, 
which  has  been  found  to  be  connected  with  lesion  of  the  Crus  Cerebelli 
on  the  same  side.!    So  far  as  they  can  be  relied-on,  therefore,  the  results 
of  the  three  methods  of  investigation  bear  a  very  close  correspondence  ; 
and  it  can  scarcely  be  doubted  that  they  afford  us  a  near  approximation 
to  truth. 

553.  It  must  not  be  allowed  to  pass'  unnoticed,  that  some  Physiologists 
(as  Foville,  Pinel-Grandchamp,  and  Duges)  have  regarded  the  Cerebellum 
as  the  centre  of  common  Sensation  ;  chiefly  on  the  ground  of  its  connection 
with  the  posterior  columns  of  the  Spinal  Cord,  and  of  the  manifestations 
of  pain  which  are  called-forth  by  touching  the  Restiform  columns.  Al- 
though these  facts  may  lead  us  to  admit  that  the  Cerebellum  is  connected 
with  the  sensorial  centres,  and  even  that  it  is  itself  a  seat  of  sensibility, 
yet  it  is  impossible  to  regard  it  as  the  exclusive  seat  of  sensibility,  con- 
sistently with  the  facts  with  which  experiment  and  pathological  observa- 
tion supply  us ;  since  neither  the  removal  of  the  entire  organ  by  operation, 
nor  its  complete  destruction  by  disease,  J  have  been  found  to  involve  any 
loss  of  the  ordinary  sensorial  powers. — There  would  seem  much  more  | 
probability  in  the  idea,  that  it  is  the  special  seat  of  the  '  muscular  sense,'  j 
which  has  so  important  a  share  in  the  guidance  of  the  co-ordinated  move- 
ments (§  538) ;  and  this  notion  derives  confirmation  from  the  marked 
structural  connection  which  exists  between  the  Cerebellum  and  the  Optic 
Ganglia  (corpora  quadrigemina),the  purpose  of  which  may  be  not  unfairly 
surmised  to  be,  to  communicate  the  guidance  of  the  visual  sense  to  the 
organ  by  which  the  co-ordination  of  motions  is  effected,  in  the  same 
manner  as  the  impressions  appertaining  to  the  '  muscular  sense'  are  trans- 
mitted upwards  by  the  Restiform  columns.§  The  chief  objection  to  sucW 


*  Two  such  cases  are  recorded  by  Mr.  Dunn  in  the  "  Med.-Chir.  Trans.,  v0]-.xx"  3 
and  another  by  Dr.  Cowan  in  the  "Prov.  Med.  and  Surg.  Journ.,"  April  16, 1840 ,  .  j 
the  Author  has  been  made  acquainted  with  several  others,  by  gentlemen  undei  w  q 
cognizance  they  have  fallen.  _  «Aforbi4 

f  A  collection  of  such  cases  has  been  made  by  Dr.  Paget,  in  his  PaP?rou. 
Rhythmical  Movements,'  in  the  "  Edinb.  Med.  and  Surg.  Journal,'  1847,  ve* 
A  case  once  fell  within  the  Author's  knowledge,  in  which  a  state  ot.tuls.V  '  ,„«[' 
lasted  for  some  hours,  appeared  to  depend  upon  an  attack  of  Indigestion  >_,  [^{J 
toms  being  completely  relieved  by  vomiting,  and  no  further  indication  oi 
disorder  manifesting  itself.  ,.   ,  „tom  ii.p.57| 

t  See  the  well-known  case  recorded  by  Uombetti,  in  the  "  Revue  M^dicale  * B      'rt  J< 

§  This  view,  suggested  many  years  since  by  the  Author,  has  been  recw   j    «  lgg2 
in  the  able  papers  by  M.  Ph.  Lussana  in  the  "  Journal  de  la  Physiologie, 


THE  CEREBELLUM,   AND  ITS  FUNCTIONS. 


G25 


/iew,  would  seem  to  lie  in  the  strong  similarity  between  the  'muscular' 
lse  and  '  common'  or  '  tactile'  sensation,  which  makes  it  difficult  to  con- 
ve  that  they  should  have  different  seats  in  the  Sensorium  commune. 
I  a  this  difficulty  is  diminished  if  not  removed  by  the  reflection,  that  the 
stiform  columns  appear  to  have  the  same  endoAvments  as  the  remainder 
lithe  Sensory  tract  derived  from  the  posterior  columns  of  the  Spinal 
lord;  and  that  no  explanation  can  be  given  of  their  extreme  sensitiveness 
■.impressions  (as  shown  by  experiment),  unless  it  be  admitted  that  the 
lean  in  which  they  terminate  is  itself  a  centre  of  a  form  of  sensation 
I  >ely  allied  to  that  of  the  common  or  tactile  kind.    Possibly,  however, 
I  ■'.  true  termination  of  these  fibres  is  in  the  '  corpus  dentatum'  of  the 
|:ira  Cerebelli;  and  the  Cerebellum  may  re-act  upon  impressions  thence 
|-nsmitted  to  it,  without  being  itself  the  instrument  of  communicating 
i  h  impressions  to  the  consciousness.* 

Jw54.  We  have  now  to  examine,  however,  another  doctrine  regarding 
J-  functions  of  the  Cerebellum,  which  was  first  propounded  by  Gall,  and 
rich  is  supported  by  the  Phrenological  school  of  physiologists.  This 
I  trine,  that  the  Cerebellum  is  the  organ  of  the  sexual  instinct,  is  not 
t  gether  compatible  with  the  other  ;  and  by  some  it  has  been  held  in 
k  ibination  with  it.  The  greater  number  of  Phrenologists,  however, 
r-ird  this  instinct  as  the  exclusive  function  of  the  Cerebellum;  and 
. 'V*rt  that  they  can  judge  of  its  intensity,  by  the  degree  of  development 

M4,  and  torn.  vi.  p.  169;  and  also  by  Mr.  Robert  Dunn,  in  bis  "Essay  on 
k  siological  Psycbology  "  (London,  1858),  who  also  places  tbe  centre  of  tbe  muscular 
1  e  in  the  corpus  rbomboidale  of  the  Cerebellum. 

I:  M.  Brown  Sequard  ("  Journ.  de  la  Physiol.,"  vol.  i.  1858,  p.  535)  and  Wagner 

cit.)have  arrived  at  almost  purely  negative  results  in  regard  to  the  function  of 

|  cerebellum,    The  former  experimenter  holds  that  this  organ  is  not  a  nervous 

re  for  sensitive  impressions  nor  for  consciousness,  nor  is  it  even  a  part  through 

k  h  the  conductors  of  motion  or  of  sensation  pass ;  for  he  believes  that  no  idea,  emo- 

1?  or  voluntary  act  is  suppressed  as  a  consequence  of  lesion  of  its  structure  Hence 

\.  laintains,  that  it  is  not  a  centre  for  the  faculty  of  balancing  or  co-ordination  of  the 

».  netrical  movements  of  the  body,  and  that  when  paralysis  is  observed  after  lesion 

l    structure,  it  is  occasioned  (when  the  paralysis  is  on  the  opposite  side  of  the  body) 

I  mcurrent  lesions  of  other  parts,  as  the  Pons  Varolii,  the  Medulla  Oblongata,  or 

i  Vrebral  peduncles ;  whilst,  when  the  paralysis  is  on  the  same  side,  it  is  usually 

I  :o  irritation  of  certain  p;'.rts  of  the  Cerebellum  reacting  on  other  p  irts  of  the 

i  phalon,  though  even  from  this  cause  the  paralysis  may  sometimes  occur  on  the 

I  -site  side.    Though  he  docs  not  admit  it  to  be  a  centre  for  auditory  or  visual  im- 

I  urns,  he  acknowledges  mat  it  has  a  special  influence  on  vision,  having  collected 

I  sea  of  amaurosis  accompanying  disease  of  its  structure.    (See  also  on  this  point 

I  'orks  of  Lussana,  Luy  s,and  Renzi.)  He  has,  in  a  more  recent  paper  (''Journ.  de 

|-'js.,"  1862,  torn.  v.  p.  486),  attributed  the  various  effects  of  Cerebellar  lesion,  as 

V  losis,  vomiting,  cephalalgia,  dilatation  of  the  pupil,  general  or  local  convulsive 

I  ments,  epilepsy,  hemiplegia,  general  debility  and  disordered  movements,  contrac- 

I  'i  particular  muscles,  strabismus,  hypertesthesia,  noises  in  the  ears,  andexaggcra- 

■  >f  the  sexual  desire,  to  irritation  of  the  Cerebellum,  and  not  to  loss  of  function. 

I  omparcs  these  effects  with  those  produced  by  worms  in  the  intestines.  Wagner 

I  'cs  that  this  organ  may  become  the  point  de  d6part  of  a  direct  (not  reflex)  irrita- 

I  :>r  certain  organic  muscles,  as  for  those  of  the  abdominal  viscera,  generative  organs, 

1  "90»  probably,  for  the  heart.    Setoff,  at  the  conclusion  of  his  section  on  the 

I  'cllurn,  states  simply  that  "  the  functions  of  this  organ  are  still  unknown  ;"  whilst 

I  ma,  in  tho  essay  already  quoted,  finishes  by  observing  that  the  muscular  sense 

J  ie  erotic  sense  are  the  two  essential  functions  of  the  Cerebellum.  Pridoaux,  "  Med. 

I  5 and  Gaz."  1864,  ii.  p.  340,  adduces  evidence  to  show  that  the  lateral  lobes  an; 

1  ;ntrcs  of  cutaneous  sensibility,  whilst  the  central  lobo  is  the  centre  of  muscular 
I  nlity. 
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of  the  organ.    We  shall  now  examine  the  evidence  in  support  of  this 
position,  afforded  by  the  three  methods  of  inquiry  which  have  been 
already  indicated. — In  the  first  place  it  may  be  remarked,  that  the  sexual 
propensity  is  very  closely  connected  with  various  Emotional  states  of 
mind,  to  which  '  organs'  are  assigned  by  Phrenologists,  and  of  which 
the  Cerebellum  is  universally  admitted  to  be  the  seat ;  such  for  instance 
as  '  love  of  offspring,'  '  adhesiveness,'  and  (in  the  lower  animals  more  par- 
ticularly) '  combativeness ;'  whilst  in  Man  it  has  a  continual  operation 
upon  the  reasoning  faculties  and  the  Will.    Yet  the  anatomical  connec- 
tions of  the  Cerebellum  are  peculiarly  unfavourable  to  any  such  influence ; 
these  being,  as  we  have  seen,  rather  with  the  lower  than  with  the  higher 
portion  of  the  Cerebro-spinal  axis. — Again,  the  residts  of  fair  observation 
as  to  the  comparative  size  of  the  Cerebellum  in  different  animals,  can 
scarcely  be  regarded  as  otherwise  than  very  unfavourable  to  the  doctrine 
in  question.* — It  is  asserted,  however,  that  the  results  of  observation  ir 
Man  lead  to  a  positive  conclusion,  that  the  size  of  the  Cerebellum  is 
measure  of  the  intensity  of  the  sexual  instinct  in  the  individual.  This 
assertion  has  been  met  by  the  counter-statement  of  others,  that  no  such 
relation  exists.    It  is  unfortunate  that  here,  as  in  many  other  instances, 
each  party  has  registered  the  observations  favourable  to  its  own  views 
rather  than  those  of  an  opposite  character ;  so  that  until  some  additional 
evidence  of  a  less  partial  nature  shall  have  been  collected,  we  must  con-f 
sider  the  question  as  sub  judice.    It  may  be  safely  affirmed,  however,  thai 
no  evidence  upon  the  affirmative  side  of  this  proposition  has  yet  heeii 
adduced,  which  can  be  in  the  least  degree  satisfactory  to  the  mind  of  anj 
Anatomist  who  is  competent  to  judge  of  its  value.    For  nearly  all  thj 
observations  which  have  been  paraded  by  Phrenologists  in  support  o| 
Gall's  doctrine,  have  been  based,  not  upon  the  actual  determination  of  thf 
size  or  weight  of  the  Cerebellum  in  different  individuals,  but  upon  ai 
estimate  of  its  proportional  development  from  the  external  conformation 
of  the  skull.    Now  any  one  who  has  even  cursorily  examined  those  prinl 
cipal  types  of  cranial  conformation  which  are  characteristic  of  some  oj 
the  chief  subdivisions  of  the  Human  species,  must  perceive  that  there  if 
a  no  less  characteristic  difference  between  these  different  types  in  thj 
occipital,  than  there  is  in  the  frontal  region.    For  whilst  the  occipit 
projection  is  much  greater  in  the  '  prognathous'  skull  than  it  is  in  th| 
'  elliptical,'  it  is  as  much  less  in  the  '  pyramidal ;'  and  thus  while  tl 
first  would  be  considered,  according  to  phrenological  rules,  to  hold 
much  larger  Cerebellum,  this  organ  in  the  latter  would  be  regarded  ; 
necessarily  very  small.    Now  there  is  not  only  as  much  evidence  of  I 
strong  development  of  the  sexual  propensity,  in  the  characters  and  habil 
of  the  pyramidal-skulled  Asiatics,  as  there  is  in  regard  to  the  elliptical 
skulled  Europeans,  or  the  prognathous  Negroes;  but  there  is  alj 
anatomical  evidence  to  show  that  the  size  of  the  Cerebellum  in  t\ 
different  races  bears  no  relation  whatever  to  the  degree  of  project* 
of  the  occiput;  for  the  plane  of  this  organ  being  somewhat  obliqi 
in  the  elliptical  skull,  is  horizontal  in  the  prognathous,  and  neai| 
vertical  in  the  pyramidal,  while  the  size  and  anatomical  relations 
the  organ  are  not  in  the  least  degree  affected  by  this  difference  m 

*  See  "  Brit,  and  For.  Medical  Review,"  vol.  xxii.  pp.  535-541. 
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position.* — Hence  it  may  be  safely  affirmed,  that  no  evidence  with 
regard  to  the  relation  asserted  to  exist  between  the  size  of  the  Cere- 
bellum and  the  intensity  of  the  sexual  propensity,  has  any  value,  save 
that  which  is  drawn  from  the  positive  determination  of  the  former  by 
measure  or  weight. 

555.  Among  the  arguments  adduced  by  Gall  and  his  followers  in  proof 
of  the  connection  between  the  Cerebellum  and  the  sexual  instinct,  is  one 
which  would  deserve  great  attention,  if  the  facts  stated  could  be  relied  on. 
It  has  been  asserted,  over  and  over  again,  that  the  Cerebellum,  in  animals 
which  have  been  castrated  when  young,  is  much  smaller  than  in  those 
which  have  retained  their  virility, — being,  in  fact,  atrophied  from  want 
of  power  to  act.    Now  it  is  unfortunate  that  vague  assertion,  founded  on 
estimates  formed  by  the  eye  from  the  cranium  alone,  is  all  on  which  this 
position  rests ;  and  it  will  be  presently  shown  how  very  liable  to  error 
such  an  estimate  must  be.    The  following  is  a  result  of  a  series  of 
observations  on  this  subject,  suggested  by  M.  Leuret,f  and  carried  into 
effect  by  M.  Lassaigne  :  — The  weight  of  the  Cerebellum,  both  absolutely 
and  as  compared  with  that  of  the  Cerebrum,  was  adopted  as  the  standard 
of  comparison.    This  was  ascertained  in  ten  Stallions,  of  the  ages  of  from 
nine  to  seventeen  years ;  in  twelve  Mares,  aged  from  seven  to  sixteen 
years ;  and  in  twenty-one  Geldings,  aged  from  seven  to  seventeen  years. 
The  average  weight  of  the  Cerebrum  in  the  Stallions  was  433  grammes; 
the  greatest  being  485  gr.,  and  the  least  (which  was  in  a  horse  ten 
years  old)  being  350  gr.    The  average  weight  of  the  Cerebellum  was 
61  gr. ;  the  greatest  being  65  gr.,  and  the  least  56  gr.  The  average  pro- 
portion borne  by  the  weight  of  the  Cerebellum  to  that  of  the  Cerebrum, 
was,  therefore,  1  to  7*07  ;  the  highest  (resulting  from  the  very  small  Cere- 
:  brum)  being  1  to  6*25  ;  and  the  lowest  (resulting  from  an  Unusually  large 
Cerebrum)  being  1  to  7'46.    Throughout  it  might  be  observed,  that  the 
variation  in  the  size  of  the  Cerebellum  was  much  less  than  in  that  of  the 
Cerebrum. — In  the  twelve  Mares,  the  average  weight  of  the  Cerebrum 
•was 402  gr. ;  the  highest  being  432  gr.,  and  the  lowest  363  gr.    That  of 
■  the  Cerebellum  was  61  gr.  ;  the  highest  being  66  gr.  (which  was  in  the 
individual  with  the  smallest  Cerebrum),  and  the  lowest  58  gr.  The 
average  proportion  of  the  weight  of  the  Cerebellum  to  that  of  the  Cere- 
brum was  1  to  6-59  ;  the  highest  being  1  to  5  09,  and  the  lowest  1  to  7. 
The  proportion  was,  therefore,  considerably  higher  in  the  perfect  female 
than  in  the  perfect  male. — In  the  twenty-one  Geldings,  the  average  weight 
3f  the  Cerebrum  was  419  gr. ;  the  highest  being  566  gr.,and  the  lowest 
;  340  gr.    The  average  of  the  Cerebellum  was  70  gr. ;  the  highest  being 
'<  1 6  gr.,  and  the  lowest  64  gr.  The  average  proportion  was,  therefore,  1  to 
i  1-fJ7 ;  the  highest  being  1  to  5*16,  and  the  lowest  1  to  7*44.  It  is  curious 
I  Mat  this  last  was  in  the  individual  which  had  the  largest  Cerebellum  of 
I  he  whole  ;  but  the  proportional  weight  of  the  Cerebrum  was  still  greater. 

—Bringing  together  the  results  of  these  observations,  they  are  found  to 
J  )e  quite  opposed  to  the  statement  of  Gall.    The  weight  of  the  Cerebrum, 

The  Author's  statements  on  this  point  are   based  on  the   very  decided 
Wrtions  of  his  late  friend  Prof.  Rcteius  of  Stockholm,  who  paid  special  attention  to 
M»  inquiry. 

T  "  Anat.  Comp.  du  Systeme  Nerveux,"  torn.  i.  p.  427, 
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reckoning  the  Cerebellum  as  1 ,  is  thus  expressed  in  each  of  the  foregoin< 
descriptions  of  animals  : — 

Average.  Highest.  Lowest 

Stallions  7"07       .       7"46       .  6-25 

Mares  6"59       .       7"00       .  5*09 

Geldings  597       .       7"44       .      5- 16 

The  average  proportional  size  of  the  Cerebellum  in  Geldings,  therefore 
is  so  far  from  being  less  than  that  which  it  bears  in  entire  Horses  and 
Mares,  that  it  is  positively  greater  ;  and  this  depends  not  only  on  diminu 
tion  in  the  relative  size  of  the  Cerebrum,  but  on  its  own  larger  dimension 
as  the  following  comparison  of  absolute  weights  will  show  : — 

Average.  Highest.  Lowest 

Stallions  61  .        65  .  56 

Mares  61  .        66  .  58 

Geldings                             70  .        76  .  64 

The  difference  is  so  remarkable,  and  appears,  from  examination  of  the 
individual  results,  to  be  so  constant,  that  it  cannot  be  attributed  to  any 
accidental  circumstance  arising  out  of  the  small  number  of  animals  thus 
examined.  The  average  weight  of  the  Cerebellum  in  the  ten  Stallions 
and  twelve  Mares  is  seen  to  be  the  same,  and  the  extremes  differ  but 
little  in  the  two ;  whilst  the  average  in  the  Geldings  is  more  than  one- 
seventh  higher,  and  the  lowest  is  considerably  above  the  average  of  the 
preceding,  while  the  highest  far  exceeds  the  highest  among  the  entire 
Horses.  It  is  curious  that  Gall  would  have  been  much  nearer  the  truth 
if  he  had  said  that  the  dimensions  of  the  Cerebrum  are  usually  reduced 
by  castration ;  for  it  appears  from  the  following  Table  that  such  is  really 
the  case : — 

Average.  Gh'eatest.  Least- 

Stallions   433       .       485       .  350 

Mnres   402       .       432       .  336 

Geldings   419       .       566       .  346 

The  weight  of  the  largest  Cerebrum  of  the  Gelding  is  far  above  the 
highest  of  the  Stallions ;  but  it  seems  to  have  been  an  extraordinary 
case,  as  in  no  other  was  the  weight  above  490  gr.  If  this  one  be  ex- 
cluded, the  average  will  be  reduced  still  further,  being  then  about  412  ; 
this  may  be  seen,  by  looking  over  the  whole  table,  to  give  a  very  fairj 
idea  of  the  usual  weight  in  these  animals,  which  is  therefore  less,  by 
about  one-twentieth,  than  the  average  in  the  Stallion. — The  increased! 
size  of  the  Cerebellum  in  Geldings  may  perhaps  be  accounted-for,  byj 
remembering  that  this  class  of  horses  is  solely  employed  for  its  niuscularj 
power,  and  that  the  constant  exercise  of  the  organ  is  not  unlikely  tot 
develope  its  size  ;  whilst  Stallions,  being  kept  especially  for  the  purposj 
of  propagation,  are  much  less  applied  to  occupations  which  call  forth! 
their  motor  activity.  j 
556  It  is  asserted,  however,  by  the  followers  of  Gall,  that  very  strong 
evidence  of  the  truth  of  this  doctrine  is  afforded  by  Pathological  pheno j 
mena  :  excitement  of  the  genital  organs,  manifesting  itself  in  priapism!, 
tumescence  of  the  testes,  and  seminal  emissions,  being  an  ordinary  con  j 
comitant  of  some  forms  of  apoplexy  in  which  the  Cerebellum  is  a*ect^l 
whilst  in  other  cases  of  disease  or  injury  involving  extensive  destrucu  ^ 
of  the  substance  of  the  organ,  there  has  been  a  complete  abatemen  j 
sexual  desire.    The  proportion  of  recorded  cases  of  disease  ol  tne 
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jlliim,  however,  in  which  any  affection  of  the  genital  organs  has  been 
)ticed,  is  extremely  small;  for  out  of  178  cases  which  have  been  col- 
cted  by  Burdach,*  only  10,  or  scarcely  more  than  1  in  18,  presented 
.y  symptoms  that  tended  to  indicate  a  functional  relation  between  the 
irebellum  and  the  Genital  organs.    The  same  physiologist  affirms  that 
nilar  affections  present  themselves  when  the  Cerebrum  is  the  seat  of 
e  lesion  ;  and  there  seems  a  strong  probability  that  it  is  solely  to  the 
unection  of  these  organs  with  the  Spinal  Cord,  that  such  affections  of 
e  genital  apparatus  are  due.    For  erection  of  the  penis  has  been 
■f  iced  in  a  far  larger  proportion  of  cases  in  which  the  Spinal  cord  itself 
s  been  the  seat  of  the  lesion;  thus  in  15  cases  in  which  the  cervical 
:  rtion  of  the  Cord  was  affected,  erection  of  the  penis  was  observed  in 
and  in  13  cases  of  lesion  of  the  dorso-lumbar  portion  of  the  Cord, 
3ction  of  the  penis  took  place  in  3.f    It  is  well  known  that  erection 
the  penis  and  emissio  seminis  are  not  infrequent  phenomena  of  death 
hanging ;  and  this  fact  accords  fully  as  well  with  the  idea  that  the 
.  ection  of  the  sexual  organs  is  consequent  upon  lesion  of  the  Cranio- 
inal  axis,  as  with  the  doctrine  that  it  is  due  to  disordered  functions  of 
3  Cerebellum. — It  has  been  suggested  by  Serres,^  who  collected  seven 
I  5es  in  which  excitement  of  the  genital  organs  was  coincident  with 
|  :>plexy  of  the  median  lobe  of  the  Cerebellum,  that  while  the  lateral 
[  >es  or  hemispheres  may  be  connected  with  the  locomotive  function, 
b  median  lobe  may  be  the  organ  of  the  sexual  instinct.    Several  cases 
i  ve  been  recorded,  in  which  some  such  relation  appeared  to  be  in- 
ated ;  and  the  Author  has  been  made  acquainted  with  at  least  six§ 
which  an  extraordinary  salacity  developed  itself  at  an  advanced 
j  iod  of  life,  Avhilst,  concurrently  with  this,  or  following  upon  it,  there 
3  that  kind  of  unsteadiness  of  gait  which  may  be  held  to  indicate 
jj:  onic  disease  of  the  Cerebellum.    In  one  of  these  cases  of  which  the 
;  tory  and  post-mortem  appearances  have  been  carefully  recorded  by 
j  .  Dunn,  ||  there  was  strong  evidence  that  the  excitement  of  the 
j  ual  propensity  was  coincident  with  the  irritative  stage  of  in- 
tent disease  in  the  central  lobe  of  the  Cerebellum,  and  that  the 
I  tement  of  the  propensity  was  in  like  manner  coincident  with  the, 
I  sequent  destruction  of  its  substance ;  whilst  the  advance  of  the 
:ase  into  the  lateral  lobes  was  marked  by  impairment  of  the  power 
I  co-ordination  of  movement.    But  with  regard  to  all  such  cases,  and 
!  srs  that  may  be  ranked  in  the  same  category,^"  the  objection  of 

I  '' Von  Baue  und  Leben  des  Gehirns"  (Leipzig,  18l9-26\  Band  iii. 

[  bee  the  "Traite"  des  Maladies  de  la  Moeile  Epiniere"  of  M.  Ollivier  (d' Angers), 

I  a  edit.,  torn.  iii.  316. 

I  "  Anatomie  Compared  dn  Cerveau,"  torn.  ii.  pp.  601,  717. 

I  „  1r  8.uch  cases  came  under  the  notice  of  his  friend,  the  late  Dr.  Simpson  of  York. 

;  ,'  jIe(hcc-Chirurgical  Transactions,"  vol.  xxxii. 

j  IjUB,  a  case  has  been  communicated  to  the  Author  by  Mr.  Turley,  of  Worcester, 
Qich  the  sexual  desire,  which  had  been  always  strong  through  life,  but  which  had 
ontrolled  within  the  limits  of  decency,  manifested  itself,  during  a  period  of  some 
1  l"'cc;eding  death,  in  a  most  extraordinary  degree ;  on  post  mortem  examination, 
our  was  found  on  the  Pons  Varolii. — And  he  has  been  informed  of  another  case 
'  Sanson  (formerly  of  Dublin),  in  which  a  young  officer  on  the  eve  of  marriage, 
>g  received  a  blow  on  the  occiput  by  a  fall  from  his  horse,  became  impotent,  with- 
\{'0t V    ^80r(^er  °f  his  bodily  or  mental  powers ;  and  in  the  distress  consequent 
118  dl8covery,  committed  suicide  on  the  morning  lixed  for  his  wedding. 
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P^trequin*  holds  good,  that  when  disease  or  injury  affects  the  median 
lobe  of  the  Cerebellum,  the  Medulla  Oblongata  is  almost  certain  to  be 
implicated  in  it ;  so  that,  as  the  evidence  already  referred-to  clearly 
indicates  the  existence  of  a  special  relation  between  the  genital  organs 
and  the  upper  part  of  the  Spinal  Axis,  no  positive  proof  is  afforded 
by  them  that  any  portion  of  the  Cerebellum  has  any  special  connection 
with  the  generative  function. 

557.  The  Author  is  far  from  denying  in  toto,  that  any  peculiar  con 
nection  exists  between  the  Cerebellum  and  the  Genital  system ;  but  i 
the  evidence  at  present  adduced  in  support  of  the  Phrenological  positio 
be  held  sufficient  to  establish  it,  in  defiance  of  so  many  opposing  con- 
siderations, we  must  bid  adieu  to  all  safe  reasoning  in  Physiology.  The 
weight  of  testimony  appears  to  him  to  be  quite  decided,  in  regard  to  th 
connection  of  the  Cerebellum  with  the  regulation  of  the  motor  function ; 
and  as  an  additional  argument  in  favour  of  this  view,  it  may  be  stated 
that  the  lobes  of  the  Human  Cerebellum  undergo  their  most  rapid  de 
velopment  during  the  first  few  years  of  life,  when  a  large  number  o 
complex  voluntary  movements  are  being  learned  by  experience,  and  ar 
being  associated  by  means  of  the  muscular  sensations  accompanyin 
them  ;  whilst  in  those  animals  which' have,  immediately  after  birth,  th 
power  of  regulating  their  voluntary  movements  for  definite  objects,  wit 
the  greatest  precision,  the  Cerebellum  is  more  fully  developed  at  th 
time  of  birth.    In  both  instances  it  is  well  formed  and  in  active  opera 
tion  (so  far  as  can  be  judged-of  by  the  amount  of  circulation  throng 
it),  long  before  the  sexual  instinct  manifests  itself  in  any  perceptibl 
degree. — But  neither  doctrine  need  be  maintained  altogether  to  th 
exclusion  of  the  other  ;  and  there  are  many  among  the  Phrenologis 
of  the  present  day,  who  hold,  with  Serres,  that  whilst  the  hemispheres 
the  Cerebellum  possess  the  endowments  now  generally  assigned  to  the 
by  Physiologists,  the  central  lobe  is  connected  with  the  Genital  funcuo 
It  has  been  shown  by  Dr.  N.  S.  Davis, f  however,  that  there  is  no  pe 
ceptible  difference  in  the  dimensions  of  this  central  lobe,  any  more  th 
in  those  of  the  hemispheres,  between  Bulls  and  Oxen  ;  and  no  proof  h 
yet  been  offered,  save  that  afforded  by  the  pathological  evidence  ju 
referred-to,  that  any  such  endowment  is  possessed  by  it.    That  m  so 
way  or  other,  however,  either  the  central  portion  of  the  Cerebellum, 
some  part  of  the  Medulla  Oblongata,  has  a  special  connection  with 
Generative  function,  appears  to  the  Author  to  be  indicated  with  tolerab 
clearness  by  several  of  the  Pathological  phenomena  already  cited.  T 
circumstance,  too,  of  which  he  has  frequently  been  assured,  that  gre 
application  to  gymnastic  exercises  diminishes  for  a  time  the  sexn 
vigour,  and  even  totally  suspends  desire,  seems  worthy  of  considerati 
in  reference  to  such  a  view ;  for  if  the  Cerebellum  be  really  connect 
with  both  kinds  of  function,  it  does  not  seem  unreasonable  that  the 
cessive  employment  of  it  upon  one  should  diminish  its  energy  in  reg 
to  the  other. — An  analysis  of  the  nature  of  the  Sexual  propensity,  no 
ever,  suggests  the  conclusion  that  we  are  not  to  look  in  this  part  o 
Encephalon  for  anything  else  than  a  seat  of  the  sexual  sensatto^ 

*  <  Sot  quelques  points  de  la  Physiologic  du  Cervelet  et  de  la  Moelle  Epimere,' 
"Gaz.  Meclicale,"  1836,  torn.  iv.  p.  546.  ...  ... 

t  "Transactions  of  American  Medical  Association, "  vol.  in.  p. 
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the  character  of  which  seems  to  be  sufficiently  different  from  that  of 
mere  tactile  sensation,  to  require  a  distinct  ganglionic  centre.  Such  a 
centre  would  be  likely  to  be  placed  in  the  line  of  the  other  sensory 
^anglia,  and  in  close  connection  with  them. 

558.  As  in  the  case  of  other  sensations,  the  Sexual,  when  moderately 
excited,  may  give  rise  to  ideas,  emotions,  and  desires,  of  which  the  Cere- 
brum is  the  seat ;  and  these  may  react  on  the  muscular  system  through 
the  Intelligence  and  Will.    But  when  inordinately  excited,  or  when 
not  kept  in  restraint  by  the  Will,  the  sexual  sensations  will  at  once  call 
into  play  respondent  movements,  which  are  then  to  be  regarded  as  purely 
automatic ;  this  is  the  case  in  Nymphomania  and  Satyriasis  in  the 
Human  subject ;  and  it  is  probably  also  the  ordinary  mode  of  operation 
of  this  sense,  in  such  of  the  lower  animals  as  have  not  psychical  power 
enough  to  form  a  conception  of  an  absent  object  of  gratification,  and 
i  cannot,  therefore,  be  said  to  have  sexual  desires.    Thus,  like  other  sen- 
sations, it  may  act  either  intelligentially  or  automatically ;  giving  rise  to 
ideas,  by  transmission  to  the  Cerebrum,  which  ideas,  associated  with 
pleasurable  feelings,  originate  desires  that  stimulate  the  Reasoning 
powers  to  devise  means  for  their  gratification,  and  excite  the  Will  to  the 
necessary  actions ;  or,  by  its  immediate  action  upon  the  motor  appa- 
ratus, producing  respondent  movements. — Of  this  double  modus  operandi 
we  seem  to  have  sufficient  evidence.    For  among  many  of  the  lower 
tribes  of  animals,  at  the  time  when  the  generative  organs  are  in  a  state 
of  functional  activity,  the  presence  of  an  individual  of  the  opposite  sex 
indicated  by  the  sight,  smell,  hearing,  or  touch,  immediately  excites  the 
whole  train  of  instinctive  actions  concerned  in  the  reproductive  operation  ; 
whilst  we  have  no  evidence  in  them  of  any  voluntary  exertion,  resulting 
from  the  existence  of  a  desire  entertained  in  the  absence  of  the  object, 
and  intended  for  the  gratification  of  that  desire.    In  Man,  on  the  other 
I  hand,  the  principal  operation  of  the  sexual  sensations  is  in  awakening 
I  desires  and  affections,  which  serve  as  excitements  to  the  intelligence  and 
•  as  motives  to  the  Will ;  and  it  is  only,  under  ordinary  circumstances, 
when  the  two  sexes  have  been  thus  brought  into  close  relation,  that  the 
|:  direct  reaction  of  the  sexual  sensation  manifests  itself  in  automatic 
i:  movements.    In  cases,  however,  in  which  this  sensation  is  excited  in 
:  unusual  strength,  it  may  completely  overmaster  all  motives  to  the  re- 
;  pression  of  the  propensity,  and  may  even  entirely  remove  the  actions 
from  volitional  control ;  and  a  state  of  a  very  similar  kind  exists  in 
;  many  Idiots,  in  whom  the  sexual  propensity  exerts  a  dominant  power, 
not  because  it  is  in  itself  peculiarly  strong,  but  because  the  Intel- 
[  hgence  being  undeveloped,  it  acts  without  restraint  or  direction  from 
the  Will. 

5.  The  Cerebrum,  and  its  Functions. 
5o9.  We  come,  in  the  last  place,  to  consider  the  functions  of  that 
;  portion  of  the  Nervous  Centres,  which  is  evidently,  in  Man,  the  predo- 
|  mmant  organ  of  his  whole  system  ;  being  not  merely  the  instrument  of 
'lis  Reasoning  faculties,  but  also  possessing  a  direct  or  indirect  control 
over  nearly  all  the  actions  of  his  corporeal  frame,  save  those  purely 
vegetative  processes  which  are  most  completely  isolated  from  his  animal 
j  powers.    We  should  be  in  great  danger,  however,  of  coming  to  aa 
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erroneous  conclusion  as  to  the  real  character  of  the  Cerebrum  and  of 
its  operations,  if  we  confined  ourselves  to  the  study  of  the  Human 
organism  ;  and  the  history  of  Physiological  science  shows  that  every 
advance  of  knowledge  respecting  its  functions  has  tended  to  limit  them, 
whilst  at  the  same  time  rendering  them  more  precise.    Thus  the  Brain 
(this  term,  in  the  old  Anatomy,  being  chiefly  appropriated  to  the 
Cerebrum)  was  once  accounted  not  merely  the  centre  of  all  motion  and 
sensation,  but  also  the  source  of  all  vitality  ;  the  different  processes  of 
nutrition,  secretion,  &c,  being  maintained,  it  was  supposed,  by  a  con- 
stant supply  of  '  animal  spirits,'  propagated  from  the  brain,  along  the 
nerves,  to  each  individual  part.    The  more  modern  doctrine,  that  the 
Sympathetic  System  has  for  its  special  function  to  supply  the  nervous 
influence  requisite  for  the  maintenance  of  the  functions  of  Organic  life, 
was  the  first  step  in  the  process  of  limitation  ;  still  the  Brain  was  re- 
garded as  the  centre  of  all  the  Animal  functions  ;  and  no  other  part 
was  admitted  to  possess  any  power  independently  of  it.     By  expe- 
riments and  pathological  observations,  the  powers  of  the  Spinal  Cord 
as  an  independent  centre  of  action  were  next  established ;  and  it  was 
thus  shown  that  there  is  a  large  class  of  motions  in  which  the  Brain  has 
no  concern,  and  that  the  removal  of  the  .Cerebral  hemispheres  is  not  in- 
compatible (even  among  the  higher  Vertebrata)  with  the  prolonged 
maintenance  of  a  sort  of  inert  and  scarcely  conscious  life.    Still,  it  has 
been  usually  maintained,  and  with  great  show  of  reason,  that  the 
Cerebrum  is  the  instrument  of  all  psychical  operations,  and  the  origi- 
nator of  all  the  movements  which  could  not  be  assigned  to  the  reflex 
action  of  the  Spinal  Cord.    An  attempt  has  been  made,  however,  in  the 
preceding  pages,  to  show  that  this  view  is  not  correct;  and  that  there 
is  a  class  of  actions,  neither  excito-motor  or  voluntary,  but  directly  con- 
sequent upon  Sensations,  and  constituting  (with  the  excito-motor)  the 
truly  instinctive   actions,  which  may  be  justly  assigned  to  certain 
ganglionic  centres  not  less  independent  of  the  Cerebrum  than  is  the 
Spinal  Cord  itself.    It  has  been  further  pointed-out  that  the  Cerebrum 
must  be  considered  in  the  light  of  an  organ  superadded  for  a  particular 
purpose  or  set  of  purposes,  and  not  as  one  which  is  essential  to  life ; 
that  it  has  no  representative  among  the  Invertebrata  (except  in  a  few 
of  the  highest  forms,  which  evidently  present  a  transition  towards  the 
Vertebrated  series) ;  and  that,  at  its  first  introduction  in  the  class  ot 
Fishes,  it  evidently  performs  a  subordinate  part  in  the  general  actions 
of  the  Nervous  System.     Hence,  whatever  be  the  function,  or  set 
of  functions,  we  assign  to  the  Cerebrum,  we  must  keep  in  view  the 
special  character  of  the  organ ;  and  we  must  never  lose  sight  of  the 
fact,  that  its  predominance  in  Man  does  not  deprive  other  parts  of  then 
independent  powers,  although  it  may  keep  the  exercise  of  those  powers 
in  check,  and  may  considerably  modify  their  manifestations. 

560.  Before  proceeding  to  inquire  into  the  Physiology  of  the  Cerebrum, 
we  may  advantageously  take  notice  of  some  of  the  leading  features  oti 
structure.* — In  the  first  place,  it  forms  an  exception  to  the  general  plan 
on  which  the  elements  of  ganglionic  centres  are  arranged  ;  in  having 
vesicular  substance  on  the  exterior,  instead  of  in  the  central  part  of  1L 
*  For  further  details  of  the  minute  anatomy  of  the  Cerebral  substance,  see  Lockhart 
Clarke  in  the  "Proceedings  of  the  Koyal  Society,"  vol.  xii.  No.  57. 
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mass.  The  purpose  of  this  is  probably  to  allow  the  vesicular  matter  to 
be  disposed  in  such  a  manner  as  to  present  a  very  large  surface,  instead 
)f  beiug  aggregated-together  in  a  more  compact  mass  ;  and  by  this  means 
o  admit,  on  the  one  side,  a  more  ready  access  of  the  blood-vessels  which 
ire  so  essential  to  the  functional  operations  of  this  tissue,  as  well  as  a 
aore  ready  communication,  on  the  other,  Avith  the  vast  number  of  fibres 
.  )y  which  its  influence  is  to  be  propagated.    There  is  no  reason  whatever 

0  believe,  that  the  relative  functions  of  the  vesicular  and  fibrous  sub- 
tances  are  in  the  least  altered  by  this  change  in  their  relative  position ; 
ndeed,  the  results  of  observation  upon  the  phenomena  of  disordered 

i  Cerebral  action  are  such  as  to  afford  decided  confirmation  to  the  doctrine 
;  iow  generally  accepted,  that  the  action  of  the  Vesicular  matter  consti- 
tutes the  source  of  nervous  power,  whilst  the  Fibrous  structure  has  for  its 
thee  to  conduct  the  influence  thus  generated  to  the  points  at  which  it 
;  to  operate.    The  purpose  of  this  arrangement  is  further  evidenced  by 
I  le  fact,  that,  in  all  the  higher  forms  of  Cerebral  structure,  we  find  a 
i  rovision  for  a  still  greater  extension  of  the  surface  at  which  the  vesicular 
I  tatter  and  the  blood-vessels  may  come  into  relation ;  this  being  effected 
y  the  plication  of  the  layer  of  vesicular  matter  into  '  convolutions,'  into 
I  le  sulci  between  which  the  highly  vascular  membrane  known  as  the 
I  jia-mater'  dips  down,  sending  multitudes  of  small  vessels  from  its  inner 
I  irface  into  the  substance  it  invests. 

|  561.  The  convolutions  of  the  Brain*  are  extremely  complicated  in 
lieir  arrangement,  but  they  can  be  divided  into  groups  by  certain 
Isily  recognised  fissures,  and  are  individually  identified  and  named, 
tie  more  important  of  them  only  need  be  described  here.  The 
jeter  and  under  surface  of   each  hemisphere  is  divided   into  five 
koes  as  follows.    Tracing  the  deep  Sylvian  Fissure  outwards  upon 
I  J  external  aspect  of  the  hemisphere  it  is  seen  to  bifurcate,  one 
»anch  running  upwards,  the  other  almost  horizontally  backwards, 
piterior  to  the  Sylvian  Fissure  we  have  the  frontal  lobe,  between 
'  two  branches  the  parietal  lobe,  below  the  posterior  branch  the 
liporo-sphenoidal  lobe,  and  forming  the  posterior  extremity  of  the 
|  msphere  the   occipital  lobe,  while  concealed   within  the  Fissure 

1  tvius  is  the  central  lobe,  more  commonly  known  as  the  Island  of  Eeil. 
I  is  last  presents  a  few  short  and  almost  straight  gyri  radiating  from  the 
w  er  end  of  the  tissue  called  the  Gyri  operti.  The  four  other  lobes  are 
|  a  made  up  of  three  more  or  less  tortuous  gyri.  The  frontal  convolu- 
j  is  have  a  horizontal  direction,  and  form  three  tiers,  named  respectively 
j  superior,  middle,  and  inferior-frontal  convolutions,  the  superior  close 
f  md  parallel  with  the  great  longitudinal  fissure,  the  inferior  resting 
I  n.tQe  orbital  plate  of  the  frontal  bone.    It  is  the  posterior  part  of 

inferior  frontal  convolution  which  has  been  said  to  be  the  seat  of 
faculty  of  language,  and  disease  here  to  be  the  cause  of  aphasia, 
convolutions  of  the  parietal  lobe  are  nearly  vertical,  and  run  up 
I  ie  margin  of  the  longitudinal  fissure ;  between  the  first  or  anterior  and 

I  ^econd  is  a  well-marked  sulcus,  which  appears  early  in  the  develop- 

I I  of  the  brain,  and  is  called  the  Fissure  of  Rolando.    The  temporo- 

I  M0,?."1*0  de8CriPti°ns  of  which  see  Prof.  Turner's  Pamphlet,  1866;  Gratiolef'Sur 
^erSorauxde  l'Homme,"  &c,  1854  ;  L.  Marshall  on  the  '  Brain  of  a  Bushwoman,' 
roc<  Ko7-  Soc  1863,"  and  Quain  and  Sharpey's  "Anatomy,"  vol.ii.  p.  531. 
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sphenoidal  gyri  are  again  almost  horizontal,  lying  parallel  to  the  hori- 
zontal branch  of  the  Sylvian  fissure.    The  occipital  lobe  is  small  and  not 
well  defined,  a  series  of  short  irregular  convolutions  connecting  it  with 
the  parietal  lobe.    These  have  received  the  name  of  annectent  or 
bridging  gyri ;  the  convolutions  of  the  occipital  lobe  itself  are  irregularly 
horizontal,  and  its  anterior  limit  is  a  sulcus  which  issues  from  the  longi 
tudinal  fissure,  and  is  called  the  parieto- occipital  fissure.  On  the  oppose 
flat  surfaces  of  the  hemispheres  the  principal  convolutions  seen  are  th 
marginal  convolution,  which  forms  the  margin  of  the  great  longitudina 
fissure  and  the  gyrus  fo?-nicatus,  which  encircles  the  corpus  callosum 
commencing  anteriorly  near  the  anterior  perforated  space,  and  termina 
ting  at  the  point  of  the  temporo-sphenoidal  lobe.    By  some  anatomist 
these  two  great  convolutions  have  been  subdivided. 

562.  The  Cortical  substance  or 'grey  matter'  of  the  Hemisphere 
essentially  consists  of  that  vesicular  nerve-substance,  which,  in  the  Spin 
Cord,  as  in  ganglionic  masses  generally,  is  found  to  occupy  the  interior 
Its  usual  thickness  is  about  one-fifth  of  an  inch  ;   but  considerabl 
variations  present  themselves  in  this  respect,  as  also  in  the  depth  of  th 
convolutions.    Thus  the  plications  are  deepest,  and  the  layer  of  '  gre 
matter  '  the  thickest,  during  the  period  of  greatest  nervous  energy,  th 
is,  in  middle  life  ;  in  infancy  and  in  old  age,  the  convolutions  are  simple 
and  have  fewer  undulations,  and  the  thickness  of  their  cortical  substan 
is  much  inferior  ;  and  the  same  is  true  of  the  adult  brain  of  some  of  th 
least  cultivated  races  of  mankind.    The  structure  of  the  cortical  su" 
stance  has  been  most  carefully  investigated  by  Mr.  Lockhart  Clarke 
The  convolutions  present  on  section  at  least  seven  layers  of  nervous  su 
stance,  the  concentric  arrangement  of  which  is  most  conspicuous  at  t 
extremity  of  the  posterior  lobe,  and  is  rendered  apparent  by  a  slig 
difference  in  hue.    In  this  situation  all  the  nerve  cells  are  small,  b 
differ  considerably  in  shape,  and  are  much  more  abundant  in  some  laye 
than  in  others.    In  the  superficial  layer,  which  is  pale,  they  are  roun 
oval,  fusiform,  or  angular,  but  not  numerous.    The  second  layer 
darker,  and  is  densely  crowded  with  cells  of  similar  form  and  siz 
mingled  with  others  that  are  pyriform  and  lie  with  their  tapering  en 
either  towards  the  surface  or  parallel  with  it,  in  connection  with  fibr 
which  run  in  corresponding  directions.     The  broader  ends  of 
pyramidal  cells  give  off  two  or  more  processes  which  run  partly  towar 
the  central  white  axis  of  the  convolutions,  and  partly  horizontally  alo 
the  plane  of  the  layer.    The  third  layer  is  of  a  much  paler  colour, 
is  crossed  at  right  angles  by  narrow  and  elongated  groups  of  small  ce 
and  nuclei,  intermediate  to  which  are  bundles  of  fibres  radiating  towa 
the  surface  from  the  central  white  axis  of  the  convolutions.    The  ./oh 
layer  contains  broader  and  more  regularly  arranged  groups  of  cells  a 
nuclei,  which  together  with  the  bundles  of  fibres  between  them,  pyes 
a  distinctly  fan-like  arrangement.    The  fifth  layer  is  pale,  with  a  sum 
structure,  but  with  the  fan-like  appearance  less  distinct.    The  si 
layer  is  reddish  grey,  and  contains  similar  cells  to  those  above  descn 

*  See  "  Proceed,  of  Roy.  Soc."  vol.  xii.  No.  57,  and  Dr.  Maudsley's  "pliys,*°!^ 
Pathology  of  the  Mind,"  1868,  p.  60,  from  which  last  the  account  in  the i  texi 
A  good  description  of  the  structure  of  the  brain  is  also  given  by  Arndt  in 
Archiv,  Bd.  iii.  p.  441,  1867. 
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with  others  that  are  rather  larger.  The  elongated  groups  of  cells  are 
fewer  in  number.  Its  deep  surface  blends  with  the  central  white  axis 
of  the  convolution,  into  which  its  cells  are  scattered  for  some  distance. 
The  seventh  layer  is  the  central  white  stem  or  axis  of  the  convolution, 
which  gives  off  on  every  side  bundles  of  fibres  that  radiate  outwards, 
becoming  exceedingly  fine  as  they  reach  the  surface,  in  consequence  of 
some  of  the  fibres  terminating  in  the  cells  of  the  different  layers,  whilst 
others  bend  round  and  run  horizontally,  either  crossing  the  convolution 
transversely,  or  running  longitudinally  in  the  same  direction.  Besides 
these  fibres  which  form  the  central  white  axis  of  the  convolution,  another 
set  springing  from  the  same  source  converge  or  rather  curve  inwards 
from  opposite  sides  to  form  arches  along  some  of  the  grey  layers.  They 
appear  to  be  partly  continuous  with  those  of  the  radiating  or  divergent 
set  which  bend  round  to  follow  a  similar  course.  All  these  fibres 
establish  an  infinite  number  of  communications  in  every  direction, 
between  different  parts  of  each  convolution,  between  different  convolu- 
tions, and  between  these  and  the  central  white  substance.  In  other 
central  convolutions  situated  more  anteriorly  the  layers  are  less  pro- 
nounced, and  instead  of  all  the  cells  of  the  several  layers  being  small,  a 
certain  proportion  of  much  larger  cells  are  found  chiefly  occupying  the 
two  internal  layers.  These  cells  are  pyramidal,  with  quadrangular 
bases  directed  towards  the  central  white  substance,  and  each  gives  off 
four  or  more  processes  which  run  partly  towards  the  central  white  axis, 
and  partly  parallel  with  the  surface  of  the  convolution  to  be  continuous 
with  arciform  fibres.  The  processes  frequently  subdivide  into  minute 
branches,  which  form  part  of  the  network  between  them.  The  apical 
extremity  runs  straight  outwards,  and  gives  off  minute  branches  which 
are  lost  like  the  process  itself  in  the  surrounding  network.  Slight 
modifications  occur  in  the  vesicular  structure  of  other  convolutions.  It 
is  interesting  to  note  that  Mr.  Clarke  was  unable  to  perceive  any 
difference  whatever  between  the  cells  of  the  convolutions  in  Man  and 
those  of  the  ape  tribe.  Arndt,  whose  description  is  on  the  whole  very 
similar  to  the  foregoing,  points  out  that  the  grey  matter  is  highly  vascular, 
the  surface  in  particular  receiving  numerous  capillaries  from  the  vessels 
of  the  pia  mater.  The  specific  gravity  of  the  Brain  has  been  made  the 
subject  of  careful  research  by  Dr.  Bastian,  who  finds  the  average  of  the 
grey  substance  to  be  1-030  and  of  the  white  1*040. 

563.  In  the  Medullary  or  fibrous  substance,  of  which  the  great  mass 
of  the  Cerebrum  is  composed,  three  principal  sets  of  fibres  may  be  dis- 
tinguished. These  are, — -first,  the  radiating  fibres,  which  connect  the 
vesicular  matter  of  the  cortical  substance  of  the  Hemispheres  with  the 
-fhalami  Optici,  and  which,  if  our  view  of  the  function  of  the  latter  be 
correct,  may  be  regarded  as  ascending : — second,  the  radiating  fibres 
which  connect  the  vesicular  matter  of  the  cortical  substance  of  the 
Hemispheres  with  the  Corpora  Striata,  and  which,  on  similar  grounds, 
mf?  be  regarded  as  descending  : — and  third,  the  Commissural  fibres, 
which  establish  the  connection  between  the  opposite  Hemispheres,  and 
etween  the  different  parts  of  the  vesicular  substance  of  the  same  side, 
especially  between  that  disposed  on  the  surface  of  each  hemisphere  and 

ose  isolated  patches  which  are  found  in  its  interior.    It  is  on  the  very 
arge  proportion  which  the  Commissural  fibres  bear  to  the  rest,  that  the 
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bulk  of  the  Cerebrum  of  Man  and  of  the  higher  animals  seems  chiefly  to 
depend  ;  and  it  is  easy  to  conceive  that  this  condition  has  an  important 
relation  with  the  operations  of  the  Mind,  whatever  be  our  view  of  the 
relative  functions  of  different  parts  of  the  Cerebrum.  It  appears  from 
the  late  researches  of  M.  Baillarger,  that  the  surface  and  the  bulk  of  the 
cerebral  hemispheres  are  so  far  from  bearing  any  constant  proportion  to 
each  other,  in  different  animals,  that,  notwithstanding  the  depth  of  the 
convolutions  in  the  Human  Cerebrum,  its  bulk  is  2  J?  times  as  great  in 
proportion  to  its  surface,  as  it  is  in  the  Eabbit,  the  surface  of  whose 
Cerebrum  is  smooth.  The  entire  surface  of  the  Human  Cerebrum  is 
estimated  by  him  at  about  670  scpiare  inches.* 

Fig.  177. 


Diagram  of  the  mutual  relations  of  the  principal  Encephalic  centres,  as  shown  in  a  vertical 
section :— a,  Cerebrum ;  n,  Cerebellum ;  c,  Sensori-motor  tract,  including  the  O'^V-  nra 
Clion  olf,  the  Optic  opt,  and  the  Auditory  aud,  with  the  Thalami  Optici  thai,  and  the  torpor* 
Striata  cs ;  a,  Medulla  Oblongata;  e,  Spinal  Cord;-«  olfactive  nerje  ;  6,  « j»g t«;  e. 
auditory  ;  d,  pueumogastric  ;  e,  hypoglossal;  /,  spinal:  fibres  of  the  medullary  ^bswce 
of  the  Cerebrum  are  Bhown,  connecting  its  ganglionic  surface  with  the  Benson-moior  no  . 

564.  With  regard  to  the  Radiating  fibres,  which  connect  the  Corpora 
Striata  and  Thalami  Optici  with  the  vesicular  surface  of  the sCer ebral 
hemispheres,  not  only  has  no  positive  proof  yet  been  obtained  ol  tne^ 
direct  continuity  with  those  which  enter  into  the  composition  ol  the  nerv 
proceeding  from  the  Spinal  Cord  and  Medulla  Oblongata  ;  but  the  results 
of  the  most  recent  and  careful  examination  are  in  opposition  to  sue  i i 
idea  (§516).    And  we  have  seen  that  there  are  certain  phenomena,  wi 
*  The  inference  drawn  by  M.  Baillarger  from  the  facts  he  has  ^"^'^Jderia 


the  increase  in  x.ne  uoiiiimoeuiiw  uUIuo,  ^  «»0  

Cerebrum,  may  he  alike  the  cause  of  increabed  intelligence  and  01  a  u.iu  «, 
portional  amount  of  vesicular  matter,  though  the  latter  still  remains  as  tl 
source  of  power. 
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are  best  explained  by  considering  these  radiating  fibres  as  of  a  commissural 
nature  only;  and  as  serving  to  conduct  the  vesicular  matter  of  the  Cere- 
brum with  that  of  the  higher  portions  of  the  Cranio-Spinal  Axis,  through 
which  alone  they  are  brought  into  relation  with  the  central  terminations 
the  afferent  nerves,  and  with  the  origins  of  the  motor  (§  541).  Thus  the 
\  mitomical  relation  which  the  grey  matter  of  the  Cerebral  convolutions 
jears  to  the  central  Sensorium,  precisely  corresponds  with  that  which  is 
some  to  it  by  the  Retina,  which  essentially  consists,  like  it,  of  an  expan- 
sion of  vesicular  substance ;  whilst  the  radiating  fibres  of  the  medullary 
,  substance  answer  precisely  to  the  Optic  Nerve.    And  it  is  a  most  impor- 
ant  confirmation  of  this  view,  that  such  a  relation  is  also  shown  to  exist 
>y  the  history  of  Development.    For  the  cortical  substance  of  the  Cere- 
)rum  and  the  Retina  alike  originate  as  offsets  from  the  Sensory  Ganglia ; 
t  he  former  detaching  itself  from  the  Corpus  Striatum  on  either  side,  the 
j  ltter  from  the  Thalamus  Opticus  ;  and  each  being  gradually  removed  to 
L  greater  and  greater  distance  from  its  original  centre,  by  the  elongation 
f  the  intervening  commissural  tract.    It  seems  to  have  been  a  kind  of 
ecognition  of  this  analogy,  which  long  since  led  the  sagacious  Reil  to 
I  esignate  the  Cerebral  lobes  as  a  congeries  of  '  nerves  of  the  internal 
anses.'* 

565.  The  Commissural  fibres  constitute  two  principal  groups,  the 
wisverse  and  the  longitudinal ;  the  former  connecting  the  two  Hemi- 
)heres  with  each  other ;  the  latter  uniting  the  different  parts  of  the 
j.  one  Hemisphere. — Of  the  transverse  commissures,  the  Corpus  Callosum 
•It  the  most  important.    This  consists  of  a  mass  of  fibres  very  closely 
['.  terlaced  together ;  which  may  be  traced  into  the  substance  of  the 
i  |,;mispheres  on  each  side,  particularly  at  their  lower  part,  where  their 
Sbnnections  are  the  closest  with  the  Thalami  Optici  and  Corpora  Striata. 
Y  is  difficult,  if  not  impossible,  to  trace  its  fibres  any  further  ;  but  there 
j  n  be  little  doubt  that  they  radiate,  with  the  fibres  proceeding  from  the 
fe  <dies  just  named,  to  different  parts  of  the  cortical  substance  of  the 
hemispheres.    This  commissure  is  altogether  wanting  in  Fish,  Reptiles, 
L  d  Birds ;  and  it  is  partially  or  completely  wanting  in  those  Mammals 
I  lose  Cerebrum  is  formed  upon  the  least  complex  plan, — the  Rodents 
I  d  Marsupials.    Although  the  Anterior  commissure  particularly  unites 
-I<3  Corpora  Striata  of  the  two. sides,  many  of  its  fibres  pass  through  those 
I  ^ans,  and  radiate  towards  the  convolutions  of  the  Hemispheres,  especially 
1 3se  of  the  middle  lobe  :  this  commissure  is  particularly  large  in  those 
I  u-supiais  in  which  the  Corpus  Callosum  is  deficient. — Of  the  longitu-r 
|  ml  commissures,  some  lie  above  and  others  below  the  Corpus  Callosum. 
I  >on  the  transverse  fibres  of  that  body  there  is  a  longitudinal  tract  on 
I  ;Q  side  of  the  median  line,  which  serves  to  connect  the  convolutions  of 
i  anterior  and  posterior  Cerebral  lobes.  Above  this,  again,  is  the  Supe- 
I  V  longitudinal  commissure,  which,  is  formed  by  the  fibrous  matter  of 
I  '•  greater  convolutions  nearest  the  median  plane  on  the  upper  surface  of 

He  says,  "  The  nerves  of  the  external  senses  and  voluntary  muscles  escape  from 
I  cranium  forwards  and  backwards,  and  ramify  over  the  whole  of  the  body  so  as  to 
I  ?C»Ct  l*.***0  .tne  organ  of  the  soul ;  the  nerves  of  the  internal  senses  [moral  and  in- 
I  '3    ,'acultie8])  on  the  other  hand,  have  no  object  beyond  the  cranium,  and  are 

e  ore  found  rolled-up  on  themselves  and  forming  the  masses  of  the  brain."  ("  Archiv 

[  1'ysiol.,"  1802,  Bd.  vi.  s.  406. 
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the  Cerebrum,  and  which  connects  the  convolutions  of  the  anterior  and 
middle  lobe3  with  those  of  the  posterior.  Beneath  the  Corpus  Callosum 
we  find  the  most  extensive  of  all  the  longitudinal  commissures,  the  Fornix. 
This  is  connected  in  front  with  the  Thalami  Optici,  the  Corpora  Mammil- 
laria,  the  Tuber  Cinereum,  &c. ;  and  behind,  it  spreads  its  fibres  over  the 
Hippocampi  (major  and  minor),  which  are  nothing  else  than  peculiar 
convolutions  that  project  into  the  posterior  and  descending  cornuaof  the 
lateral  ventricles.  The  fourth  longitudinal  commissure  is  the  Tcenia  semi- 
circularis,  which  forms  part  of  the  same  system  of  fibres  with  the  fornix  • 
connecting  the  corpus  mammillare  and  thalamus  opticus  of  each  side 
with  the  middle  lobe  of  the  cerebral  hemisphere.  If,  as  Dr.  Todd  has 
remarked,*  we  could  take  away  the  corpus  callosum,  the  grey  matter  of 
the  internal  convolution,  and  the  ventricular  prominence  of  the  optic 
thalami,  then  all  these  commissures  would  fall-together,  and  would 
become  united  in  the  same  series  of  longitudinal  fibres. — Experiment  does 
not  throw  any  light  upon  the  particular  functions  of  the  Corpus  Callosum 
and  other  Commissures;  since  they  can  scarcely  be  divided  without 
severe  general  injury.  It  would  appear,  however,  that  the  partial  or 
entire  absence  of  these  parts,  reducing  the  Cerebrum  (in  this  respect  at 
least)  to  the  level  of  that  of  the  Marsupial  Quadruped  or  of  the  Bird,  is 
by  no  means  an  unfrequent  cause  of  deficient  intellectual  power.f 

5G6.  The  weight  of  the  entire  Encephalon  in  the  adult  Male  usually 
ranges  between  40  and  60  oz.,  the  average  being  about  50  oz. ;  and  in  the 
Female  from  36  to  50  oz.,  the  average  being  about  45  oz.J    The  maxi- 

*  "Anatomy  of  the  Brain,  Spinal  Cord,"  &c,  p.  234. 
+  The  following  case  of  deficient  commissures,  recorded  by  Mr  Paget  ("  Medico- 
Chirurg.  Transactions,''  vol.  xxiv.),  is  of  much  interest.    The  middle  portion  of  the 
Fornix,  and  the  whole  of  the  Septum  Lucidum,  were  absent ;  and  in  place  of  the 
Corpus  Callosum,  there  was  only  a  thin  fasciculated  layer  of  fibrous  matter,  1'4  inch 
in  length,  of  which,  however,  the  fibreB  extended  to  all  the  parts  of  the  brain  into  which 
the  fibres  of  the  healthy  corpus  callosum  can  be  traced.    The  Middle  commissure  was 
very  large ;  and  the  lateral  part  of  the  Fornix,  with  the  rest  of  the  Brain,  was  quite 
healthy .  The  patient  was  a  servant-girl,  who  died  of  pericarditis.   She  had  displayed 
nothing  very  remarkable  in  her  mental  condition,  during  her  life,  beyond  a  peculiar 
want  of  forethought  and  power  of  judging  of  the  probable  event  of  things.  Her 
memory  was  good ;  and  she  possessed  as  much  ordinary  knowledge  as  is  commonly 
acquired  by  persons  in  her  rank  of  life.    She  was  of  good  moral  character,  trustworthy, 
and  fully  competent  to  all  the  duties  of  her  station,  though  somewhat  heedless ;  her 
temper  was  good,  and  disposition  cheerful. — The  mental  deficiencies  in  most  of  the 
few  other  cases  of  which  the  details  have  been  recorded,  seem  to  have  been  of  the  same 
order;  and  this  is  exactly  what  might  have  been  anticipated ;  since  the  deprivation 
of  these  parts  takes  away  that  which  is  most  characteristic  of  the  Cerebrum  of  Man 
and  of  the  higher  Mammalia;  their  intellectual   operations  being  peculiar! [y  dis- 
tinguished by  that  application  of  past  experience,  to  the  prediction  of  the  fu™r ^ 
which  constitutes  one  of  the  highest  efforts  of  intelligence.— Another  case  has  been 
since  put  on  record  by  Mr.  Mitchell  Henry  (Op.  cit,  vol.  xxxi  ),  in  which  ^anterior 
portion  of  the  Corpus  Callosum  was  deficient,  together  with  the  middle  and  anteno 
portion  of  the  Fornix,  and  the  whole  of  the  Septum  Lucidum 
case,  also,  a  marked  intellectual  deficiency,  but  apparently  of  a  different  charac jer  ir 
that  which  showed  itself  in  the  preceding  case  ;  for  instead  of  vivacity  and  nai ; 
rapidity  of  action,  there  was  here  a  disproportionate  degree  ot  slowness  m 
amounting  almost  to  stupidity.    The  difference  in  the  two  cases,  however ,18  pei^ 
to  be  set-down  rather  to  the  account  of  general  temperament ;  since  in  D™  trail 
there  seems  to  have  been  a  deficiency  in  the  power  of  carrying-on  a  contmuu 

°f  ± The^verage  of  both  sexes  differs,  however,  m  the  various  races i  of .««^4rf £  • 
Davis  ("  Proceedings  of  the  Royal  Society,"  Jan.  23rd,  1868),  found  the  mean 
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mini  of  the  healthy  brain  seems  to  be  about  64  oz.,  and  the  minimum 
ibout  31  oz.    But  in  cases  of  Idiocy,  the  amount  is  sometimes  much 
ielow  this ;  as  low  a  weight  as  20  oz.  having  been  recorded. — It  appears, 
rom  the  investigations  of  M.  Bourgery,  that  the  relative  sizes  of  the 
lifferent  component  elements  of  the  Human  Encephalon  are  somewhat 
is  follows.  Dividing  the  whole  into  204  parts,  the  weight  of  the  Cerebrum 
vill  be  represented  by  about  170  of  those  parts,  that  of  the  Cerebellum 
>y  2 1 ,  and  that  of  the  Medulla  Oblongata  with  the  Optic  Thalami  and 
corpora  Striata  at  13.    The  weight  of  the  Spinal  Cord  would  be,  on  the 
name  scale,  7  parts.  Hence  the  Cerebral  Hemispheres  of  Man  include  an 
imount  of  nervous  matter,  which  is  four  times  that  of  all  the  rest  of  the 
'ranio-Spinal  mass,  more  than  eight  times  that  of  the  Cerebellum,  thirteen 
imes  that  of  the  Medulla  Oblongata,  &c,  and  twenty-four  times  that  of 
he  Spinal  Cord. — The  average  weight  of  the  whole  Encephalon  in  pro- 
•ortion  to  that  of  the  body,  in  man,  taking  the  average  of  a  great  number 
f  observations,  is  about  1  to  36.  This  is  a  much  larger  proportion  than 
hat  which  obtains  in  most  other  animals ;  thus  the  average  of  Mammalia 
;  stated  by  M.  Leuret  to  be  1  to  186,  that  of  Birds  1  to  212,  that  of 
leptiles  1  to  1321,  and  that  of  Fishes  1  to  5668.    It  is  interesting  to 
emark,  in  reference  to  these  estimates,  that  the  Encephalic  prolongation 
f  the  Medulla  Oblongata  in  Man  (being  about  one-sixteenth  of  the 
'eight  of  the  whole  Encephalon)  is  alone  more  than  twice  as  heavy 
i  proportion  to  his  body,  as  the  entire  Encephalon  of  Kep tiles,  and  ten 
mes  as  heavy  as  that  of  Fish. — But  there  are  some  animals  in  which  the 
'eight  of  the  Encephalon  bears  a  higher  proportion  to  that  of  the  body 
lan  it  does  in  Man ;  thus  in  the  Blue-headed  Tit,  the  proportion  is  as  1 
•  12,  in  the  Goldfinch  as  1  to  24,  and  in  the  Field-Mouse  as  1  to  31. 
It;  does  not  hence  follow,  however,  that  the  Cerebrum  is  larger  in  propor- 
k:  on ;  in  fact,  it  is  probably  not  nearly  so  large  ;  for  in  Birds  and  Rodent 
Idammals,  the  Sensory  Ganglia  form  a  very  considerable  proportion  of  the 
\  itire  Encephalon.  The  importance  of  distinguishing  between  the  several 
r  irts  of  this  mass,  which  are  marked-out  as  distinct  alike  by  their  struc- 
j  -re  and  connections  and  by  the  history  of  their  development,  has  not 
i  ;en  by  any  means  sufficiently  attended  to. 
( 567.  The  Encephalon  altogether  receives  a  supply  of  Blood,  the  amount 

which  i3  very  remarkable,  when  its  comparative  bulk  is  considered  ; 
'  e  proportion  which  goes  to  it  being,  according  to  the  estimate  of 
|  aller,  as  much  as  one-fifth  of  the  whole  mass.  The  manner  in  which  this 
I  ood  is  conveyed  to  the  brain,  and  the  conditions  of  its  distribution, 
\  Per  some  peculiarities  worthy  of  notice.  The  two  Vertebral  and  two 
I  irotid  arteries,  by  which  the  blood  enters  the  cavity  of  the  cranium, 
i  ve  a  more  free  communication  by  anastomosis  than  any  similar  set  of 
pnes  elsewhere ;  and  this  is  obviously  destined  to  prevent  an  obstruc- 
I  m  in  one  trunk  from  interrupting  the  supply  of  blood  to  the  parts 
I  rough  which  its  branches  are  chiefly  distributed, — the  cessation  of  the 

•culation  through  the  nervous  matter  being  immediately  productive  of 

|  jopean  Heries  to  be  46'87  oz. ;  of  the  Asiatic  series,  44' 62  oz. ;  of  the  American 
I  ies,  44*73  oz. ;  of  the  African  series,  44*3  oz. ;  and  of  the  Australian  series,  41-38 
l    i>r.  Thurnam  ("  Journal  of  Mental  Science,"  April,  1866),  gives  49  oz.  as  the 
'rage  weight  of  the  European  brain,  whilst  in  distinguished  men  it  amounts  to 
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suspension  of  its  functional  activity.* — Not  only  must  there  be  a  suffi- 
cient supply  of  blood,  but  it  must  make  a  regulated  pressure  on  the 
walls  of  the  vessels.    Now  the  Encephalon  is  differently  circumstanced 
from  other  vascular  organs,  it  being  enclosed  within  an  unyielding  bony 
case  (§  274) ;  and  we  find  a  special  provision  for  equalizing  the  bulk 
of  the  contents  of  this  cavity,  and  for  counterbalancing  the  results  o 
differences  in  the  functional  activity  of  the  brain  and  in  its  supply  o 
blood,  in  the  existence  of  a  fluid  which  is  found  beneath  the  arachnoid 
both  on  the  surface  of  the  brain  and  spinal  cord,  and  in  the  ventricles 
of  the  former.     The  amount  of  this  'cerebro-spinal  fluid'  seems  to 
average  about  two  ounces ;  but  in  cases  of  atrophy  of  the  brain  a~ 
much  as  twelve  ounces  of  fluid  may  sometimes  be  obtained  from  th 
cranio-spinal  cavity ;  whilst  in  all  instances  in  which  the  bulk  of  the 
brain  has  undergone  an  increase,  whether  from  the  production  of  addi 
tional  nervous  tissue,  or  from  undue  turgescence  of  the  vessels,  there  i 
either  a  diminution  or  a  total  absence  of  this  fluid.    It  appears  from 
the  experiments  of  Magendie  (to  whom  our  knowledge  of  its  importanc 
is  chiefly  due),  that  its  withdrawal  in  living  animals  causes  great  dis 
turban ce  of  the  cerebral  functions,  probably  by  allowing  undue  disten 
sion  of  the  blood-vessels  ;  it  is,  however,  capable  of  being  very  rapidl 
regenerated ;  and  its  reproduction  restores  the  nervous  centres  to  thei" 
natural  state. — As  the  cerebro-spinal  fluid  can  readily  find  its  wa 
from  the  sub-arachnoid  spaces  of  the  cranial  cavity  into  those  of  th 
spinal,  and  as  it  is  no  less  readily  absorbed  than  reproduced,  it  evidentl 
serves  as  an  equalizer  of  the  amount  of  pressure  within  the  crania 
cavity ;  admitting  the  distension  or  contraction  of  the  vessels  to  tak 
place,  within  certain  limits,  without  any  considerable  change  in  th 
degree  of  compression  to  which  the  nervous  matter  is  subjected.  Th 
this  uniformity  is  of  the  greatest  importance  to  the  functional  exercis 
of  the  brain,  is  evident  from  a  few  well-known  facts.    If  an  aperture  b 
made  in  the  skull,  and  the  protruding  portion  of  the  brain  be  subjecte 
to  pressure,  the  immediate  suspension  of  the  activity  of  the  whole  org- 
is  the  result ;  in  this  manner,  a  state  resembling  profound  sleep  can 
induced  in  a  moment,  the  normal  activity  being  renewed  as  momentaril 
so  soon  as  the  pressure  is  withdrawn. "J"     This  phenomenon  has  ofte 
been  observed  in  the  Human  subject  in  cases  in  which  a  portion  of  tl 
cranial  envelope  has  been  lost  by  disease  or  injury.     The  vario" 
symptoms  of  Cerebral  disturbance  which  are  due  to  a  state  of  gener 
Plethora,   are  evidently  owing  to  an  excess  of  pressure  within  t1 
vessels ;  but  an  undue  diminution  of  pressure  is  no  less  injurious, 
appears  from  the  disturbance  in  the  Cerebral  functions  which  resul 
from  the  very  opposite  cause,  namely  a  depression  of  the  power  of  t 
heart,  or  a  deficiency  of  blood  in  the  vessels. — It  is  of  peculiar  ii 
portance  to  bear  in  mind  the  disturbance  of  the  Cerebral  functions  occ 


*  M.  Robin  ("  Journal  rle  la  Pliysiologie,"  vol.  ii.  p.  537)  has  described  an  accesso 
tissue  around  the  capillaries  of  the  brain,  in  the  space  between  which  and  the  pro 
Tunica  adventitia,  free  nuclei,  fatty  masses,  and  granules  of  haematosinc,  are  observao 
M.  Robin  seems  to  be  of  opinion  that  these  are  the  lymphatics  of  the  brain,    free  ° 
Strieker  in  idem,  1867,  p  652.  .    .  . , 

t  Schiff  states  that  the  Indian  snake-charmers  are  accustomed  to  produce  ngm 
of  the  body  in  these  animals  by  pressure  on  the  occiput. 


THE  CEREBRUM,  AND  ITS  FUNCTIONS. 


641 


sioned  by  variations  of  internal  pressure,  when  we  are  endeavouring  to 
draw  inferences  from  the  phenomena  presented  by  disease. 

568.  We  shall  now  proceed  with  our  Physiological  inquiry  into  the 
functions  of  the  Cerebrum ;  and  shall  appeal,  as  before,  to  Human  and 
Comparative  Anatomy,  to  Experiment,  and  to  Pathology,  for  our  chief 
data. — The  anatomical  relations  of  the  Cerebrum  to  the  other  Ence- 
phalic centres,  clearly  demonstrate  that  it  is  not  one  of  the  essential  or 
fundamental  portions  of  the  Nervous  system ;  but  a  superadded  organ, 
receiving  all  its  impulses  to  action  from  the  parts  below,  and  operating 
upon  the  body  at  large  through  them.    And  its  great  bulk,  joined  to 
its  position  at  the  summit  of  the  whole  apparatus, — the  vesicular  sub- 
stance of  its  convolutions  affording  a  termination  to  the  fibres  in  con- 
nection with  it,  and  not  being  for  the  most  part  only  traversed  by  them, 
as  is  the  case  with  that  of  all  the  lower  centres, — clearly  mark  it  out 
-  as  the  highest  in  its  functional  relations,  and  as  ministering,  so  far  as 
any  material  instrument  may  do,  to  the  exercise  of  those  psychical 
powers,  which,  in  Man,  exhibit  so  remarkable  a  predominance  over  the 
mere  animal  instincts.    This  conclusion  is  fully  borne-out,  when  we 
extend  our  inquiries  from  Human  to  Comparative  Anatomy ;  for  with 
some  apparent  exceptions,  which  there  would  probably  be  no  great 
difficulty  in  explaining  if  we  were  in  possession  of  all  the  requisite  data, 
there  is  a  very  close  correspondence  between  the  relative  development 
of  the  Cerebrum  in  the  several  tribes  of  Vertebrata,*  and  the  degree  of 
Intelligence  they  respectively  possess, — using  the  latter  term  as  a  com- 
prehensive expression  of  that  series  of  mental  actions,  which  consists  in 
the  intentional  adaptation  of  means  to  ends,  based  on  definite  ideas  as  to 
the  nature  of  both.    It  is  not  always  easy  to  say,  in  the  case  of  the 
iower  animals,  what  parts  of  their  actions  are  to  be  attributed  to  auto- 
i  matic  impulses  {i.e.  to  be  considered  as  Instinctive),  and  what  should  be 
i  regarded  as  the  results  of  Intelligence.    The  character  of  Intelligent 
|  actions,  however,  as  compared  with  Instinctive  (§  449),  is  usually  shown 
;1)  in  the  variety  of  means  which  are  adopted  to  compass  the  same  ends, 
and  this  not  merely  by  different  individuals  and  by  successive  genera- 
I  tions,  but  by  the  same  individual  at  different  times ;  (2)  by  the  im- 
;  provement  in  the  mode  of  accomplishing  the  object,  which  results  from 
|  the  intelligent  use  of  experience,  and  from  the  greater  command  of 
|  means  which  is  progressively  attained ;  and  (3)  by  the  conformity  of  the 
j  means  to  altered  circumstances,  so  that  the  character  of  adaptiveness  is 
•  *till  maintained,  however  widely  the  new  conditions  may  depart  from 
those  which  must  be  considered  as  natural  to  the  species. 

569.  The  difference  between  actions  which  proceed  from  the  Intel- 
lectual faculties  prompted  by  the  instinctive  propensities,  and  those  of 
i  *  purely  Instinctive  character,  is  well  seen  in  comparing  Birds  with 
,  lnsects.    The  Instinctive  tendencies  of  the  two  classes  are  of  nearly  the 
»me  kind ;  and  the  usual  arts  which  both  exhibit  in  the  construction 
~>i  their  habitations,  in  procuring  their  food,  and  in  escaping  from 
;'nger,  must  be  regarded  as  intuitive,  on  account  of  the  uniformity  with 
,  'Uiich  they  are  practised  by  different  individuals  of  the  same  species,  and 
<ie  perfection  with  which  they  are  exercised  on  the  very  first  occasion. 
ut  m  the  adaptation  of  their  operations  to  peculiar  circumstances, 
•  See  "  Princ.  of  Comp.  Phys.,"  §  662  et  seq. 
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Birds  display  a  variety  and  fertility  of  resource,  far  surpassing  that 
which  is  manifested  by  Insects ;  and  it  can  scarcely  be  doubted  by  thos 
who  attentively  observe  their  habits,  that  in  such  adaptations  they  are 
often  guided  by  real  Intelligence.    This  must  be  the  case,  for  example, 
when  they  make  trial  of  several  means,  and  select  that  one  which  be 
answers  that  purpose ;  or  when  they  make  an  obvious  improvemen 
from  year  to  year  in  the  comforts  of  their  dwelling ;  or  when  they  ar 
influenced  in  the  choice  of  a  situation  by  peculiar  circumstances,  whic" 
in  a  state  of  nature  can  scarcely  be  supposed  to  affect  them.    The  com 
plete  domesticability  of  many  Birds  is  in  itself  a  proof  of  their  possessin 
a  certain  degree  of  intelligence ;  but  this  alone  does  not  indicate  th 
possession  of  more  than  a  very  low  amount  of  it ;  since  many  of  th 
most  domesticable  animals  are  of  the  humblest  intellectual  capacity,  an 
seem  to  become  attached  to  Man,  principally  as  the  source  on  which  the 
depend  for  the  supply  of  their  animal  wants.    But  there  are  certa: 
tribes  of  Birds,  especially  the  Parrots  and  their  allies,  which  possess  a 
extraordinary  degree  of  edvcaOilily,  and  which  manifest  a  power  of  per 
forming  simple  acts  of  reasoning,  that  are  quite  comparable  with  tho 
of  a  child  when  first  learning  to  talk. 

570.  This  development  of  the  Intelligence  under  the  influence 
Man,  and  in  accordance  with  his  habits  rather  than  with  the  origin 
habits  of  their  species,  is  yet  more  remarkable  in  the  case  of  tho 
Mammals  whose  instincts  lead  them  to  attach  themselves  peculiarly 
him,  and  whose  powers  of  reasoning  are  called  forth  in  adapting  the 
selves  to  the  new  circumstances  in  which  they  are  thus  placed.  T 
actions  of  a  Dog,  a  Horse,  or  an  Elephant  are  evidently  the  result, 
many  instances,  of  a  complex  train  of  reasoning,  differing  in  no  essenti 
reaped  from  that  which  Man  would  perform  in  similar  circumstance 
so  that  the  epithet  '  half-reasoning,'  commonly  applied  to  these  auim 
does  not  express  the  whole  truth  ;  for  their  mental  processes  are  oft 
same  kind  with  those  of  Man,  and  differ  more  in  the  degree  of  compr 
hensiveness  of  their  data  and  conclusiveness  of  their  inferences,  th 
they  do  in  their  essential  character.  We  have  no  evidence,  hovev 
that  any  of  the  lower  animals  have  a  voluntary  power  o1  directi 
their  mental  operations,  at  all  similar  to  that  which  Man  possesse 
these  operations,  indeed,  seem  to  be  of  very  much  the  same  character 
those  which  we  perform  in  connected  dreams,  different  trains 
thought  commencing  as  they  are  suggested,  and  proceeding  accordi 
to  the  usual  laws,  until  some  other  disturb  them. — Although  it  18  c 
tomary  to  regard  the  Dog  and  the  Elephant  as  the  most  intellig 
among  the  lower  animals,  it  is  not  certain  that  we  do  so  with  justi 
for  it  is  very  possible  that  we  are  misled  by  that  peculiar  attachment 
Man,  which  in  them  must  be  termed  an  instinct,  and  which  enters  a 
motive  into  a  large  proportion  of  their  actions ;  and  that,  if 
were  more  acquainted  with  the  psychical  characters  of  the  lug 
Quadrumana,  we  should  find  in  them  a  greater  degree  of  mental  ca 
bility  than  we  now  attribute  to  them.  One  thing  is  certain,  that 
higher  the  degree  of  Intelligence  which  we  find  characteristic  of  a  \ 
ticular  race,  the  greater  is  the  degree  of  variation  which  we  meet-v 
in  the  characters  of  individuals;  thus  everybody  knows  that  there 
stupid  Dogs  and  clever  Dogs,  ill-tempered  Dogs  and  good-tempe 
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rjofrS) — as  there  are  stupid  men  and  clever  Men,  ill-tempered  Men  and 
•rood-tempered  Men.  But  no  one  could  distinguish  between  a  stupid 
Bee  and  a  clever  Bee,  or  between  a  good-tempered  Wasp  and  an  ill— 
tempered  Wasp,  simply  because  all  their  actions  are  prompted  by  an 
unvarying  Instinct. 

571.  In  estimating  the  relative  development  of  the  Cerebrum  in  dif- 
ferent tribes  of  Animals,  and  in  comparing  this  with  their  relative  Intel- 
ligence, it  must  be  borne  in  mind  that  the  size  of  the  organ  does  not, 
considered  alone,  afford  a  means  of  accurate  judgment  as  to  its  power. 
for  the  quantity  of  vesicular  matter  which  it  contains,  affords  the  only 
air  criterion  of  the  latter;  and  of  this  we  must  judge,  not  merely  by 
the  superficial  area,  but  by  the  number  and  depth  of  the  convolutions, 
ind  by  the  thickness  of  the  cortical  layer.    Again,  there  are  many 
•easons  why  it  is  not  fair  to  estimate  the  relative  development  of  the 
jerebrum  by  the  proportion  which  it  bears  to  the  whole  bulk  of  the 
nimal ;  and,  on  the  whole,  the  most  accurate  basis  of  comparison  would 
irobably  be  afforded  by  the  relation  between  the  bulk  of  the  Cerebrum 
md  the  diameter  of  the  Spinal  Cord.    In  making  any  such  comparison, 
lowever,  the  Thalami  Optici,  Corpora  Striata,  and  Corpora  Quadri- 
jemina  should  be  excluded  from  the  estimate,  for  reasons  now  suffi- 
iently  apparent;  and  the  bulk  of  the  Cerebrum  proper  should  be  alone 
tetermined,  either  by  weight,  or  by  the  displacement  of  liquid. — But 
he  Cerebrum  varies  in  different  classes  and  orders  of  Vertebrata,  not 
aerely  in  proportional  size,  but  also  in  the  relative  development  of  its 
i  nterior,  middle,  and  posterior  lobes.    This  is  a  point  of  very  great 
|  mportance,  in  determining  the  value  to  be  assigned  to  the  organological 
I  ystem  of  Gall  and  Spurzheim  and  their  followers.    The  Cerebrum  of 
!  ae  Oviparous  Vertebrata  is  not  a  miniature  representative  of  that  of 
Ian,  as  a  whole,  but  only  of  his  anterior  lobes;  as  is  sufficiently  obvious 
h  rom  an  examination  of  its  connections  with  other  parts,  and  from  the 
•  bsence  of  any  other  commissural  connections  between  its  two  hemi- 
r  pheres  than  those  which  are  afforded  by  the  Sensory  Ganglia.    It  is  in 
t  he  Implacental  Mammals  that  we  find  the  first  rudiment  of  the  middle 
}bes  of  the  Cerebrum,  and  of  the  proper  inter-cerebral  commissure,  the 
corpus  Callosum ;  and  even  in  the  Bodents  this  is  but  very  imperfectly 
|.  eveloped.    As  we  ascend  the  Mammalian  series,  we  find  the  Cerebrum 
|  ecoming  more  and  more  elongated  posteriorly  by  the  development  of 
I  ie  middle  lobes,  and  the  inter-cerebral  commissure  becomes  more  com- 
I  lete ;  but  we  must  ascend  as  high  as  the  Carnivora,  before  we  find  the 

I  iast  vestige  of  the  posterior  lobes;  and  the  rudiment  which  these  possess 

I I  so  rapidly  enlarged  in  the  Quadrumana,  that  in  some  of  that  group 
j  ie  posterior  lobes  are  as  fully  developed  in  reference  to  the  Cerebrum 
i  *  a  whole,  and  as  completely  cover  in  the  Cerebellum  as  in  the  Human 
|  object.* — The  attention  which  has  yet  been  given  to  this  department  of 

iquiry,  has  not  hitherto  done  more  than  confirm  the  statement  already 

|t  lias  been  asserted  by  the  followers  of  Gall,  that  the  development  of  the  Cerebrum 
J  om  behind  forwards,  as  above  described,  is  rather  apparent  than  real :  the  whole  organ 
j  ln  *act  pushed  backwards  by  the  excessive  development  of  the  anterior  lobe, 
t  lie  anatomical  distinction  between  the  anterior  and  middle  lobes  is  sufficiently 
I  it  |0U8.j;xl<?rnally  i  and  that  of  the  middle  and  posterior  lobes  is  also  clearly  marked- 
I  on  7f  th  \  •Ve^0^ment  °^  P0Bteri°r  cornua  of  the  lateral  ventricles,  and  the  situa- 
I     oi  the  hippocampus  major.    Hence  the  facts  above  stated  do  not  admit  of  any 
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made,  •with  regard  to  the  general  correspondence  between  the  develop- 
ment of  the  Cerebrum  and  the  manifestations  of  Intelligence  ;  very  de- 
cided evidence  of  which  is  furnished  by  the  great  enlargement  of  the 
Cerebrum,  and  the  corresponding  alteration  in  the  form  of  the  Cranium, 
which  present  themselves  in  those  races  of  Dogs  most  distinguished 
for  their  educability,  when  compared  with  those  whose  condition  ap- 
proximates most  closely  to  what  was  probably  their  original  state  of 
wildness. 

572.  This  general  inference  drawn  from  Comparative  Anatomy,  is 
borne-out  by  observation  of  the  Human  species.  When  the  Cerebrum 
is  fully  developed,  it  offers  innumerable  diversities  of  form  and  size 
among  various  individuals;  and  there  are  as  many  diversities  of  character. 
It  may  be  doubted  if  two  individuals  were  ever  exactly  alike  in  this 
respect.    That  a  Cerebrum  which  is  greatly  under  the  average  size  is 
incapable  of  performing  its  proper  functions,  and  that  the  possessor  of  it 
must  necessarily  be  more  or  less  idiotic,  there  can  be  no  reasonable  doubt. 
On  the  other  hand,  that  a  large  well-developed  Cerebrum  is  found  to 
exist  in  persons  who  have  made  themselves  conspicuous  in  the  world 
in  virtue  of  their  intellectual  achievements,  may  be  stated  as  a  proposi- 
tion of  equal  generality.    In  these  opposite  cases,  we  witness  most  dis- 
tinctly the  antagonism  between  the  Instinctive  and  Voluntary  powers. 
Those  unfortunate  beings  in  whom  the  Cerebrum  is  but  little  developed, 
are  guided  almost  solely  by  their  instinctive  tendencies,  which  frequently 
manifest  themselves  with  a  degree  of  strength  that  would  not  have  been 
supposed  to  exist ;  and  occasionally  new  instincts  present  themselves,  of 
which  the  Human  being  is  ordinarily  regarded  as  destitute.*    On  the 
otherhand,  those  who  haveobtained  most  influence  over  theunderstandings 
of  others,  have  always  been  large-brained  persons,  of  strong  intellectual 
and  volitional  powers,  whose  emotional  tendencies  have  been  subordinated 
to  the  reason  and  will,  and  who  have  devoted  their  whole  energy  to  the 
particular  objects  of  their  pursuit. — It  is  very  different,  however,  with 
those  who  are  actuated  by  what  is  ordinarily  termed  genius ;  and  whose 
influence  is  rather  upon  the  feelings  and  intuitions,  than  upon  the  under- 
standings of  others.    Such  persons  are  often  very  deficient  in  the  power 
of  even  comprehending  the  ordinary  affairs  of  life ;   and  still  more 
commonly  they  show  an  extreme  want  of  judgment  in  the  management 
of  them,  being  under  the  immediate  influence  of  their  passions  and 
emotions,  which  they  do  not  sufficiently  endeavour  to  control  by  their 
intelligent  will.    The  life  of  a  '  genius,'  whether  his  bent  be  towards 
poetry,  music,  painting,  or  pursuits  of  a  more  material  character,  is 
seldom  one  which  can  be  held-up  for  imitation.    In  such  persons,  the 

such  interpretation  ;  and  they  are  fully  borne-out  by  the  history  of  the  Embryonic  de- 
velopment of  the  Cerebrum  in  Man,  which  precisely  follows  the  above  plan.— W  is 
here'  denied  that  the  anterior  lobe  of  the  Human  Cerebrum  is  remarkable  for  its  ^ 
extension  forwards;  but  still,  the  difference  between  the  Cerebrum  of  Man  ana  i 
of  the  lower  Mammalia  consists  much  rather  in  the  proportional  development  01 
posterior  lobes,  than  in  that  of  the  anterior.  .  nerfcctlr 

*  A  remarkable  instance  of  this  was  published  Borne  years  since :    a  p  ^j-j 
idiotic  girl,  in  Paris,  having  been  seduced  by  some  miscreant,  was  deliverert    ^  ^ 
without  assistance  ;  and  it  was  found  that  she  had  gnawed  the  umbilical  coru  ^  ^ 
in  the  same  manner  as  is  practised  by  the  lower  animals.   It  is  scarce  y 
posed  that  she  had  any  idea  of  the  object  of  this  separation. 
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leneral  power  of  the  mind  being  low,  the  Cerebrum  is  not  usually  found 
►f  any  great  size. — The  mere  comparative  size  of  the  Cerebrum,  how- 
iver,  affords  no  accurate  measure  of  the  amount  of  mental  power ;  for 
#e  not  unfrequently  meet  with  men  possessing  large  and  well-formed 
leads,  whose  psychical  capability  is  not  greater  than  that  of  others,  the 
limensions  of  whose  crania  have  the  same  general  proportion,  but  are  of 
nuch  less  absolute  size.  Large  brains,  with  deficient  activity,  are 
jommonly  found  in  persons  of  what  has  been  termed  the  phlegmatic 
.emperament,  in  whom  the  general  processes  of  life  seem  in  a  torpid 
md  indolent  state  ;  whilst  small  brains  and  great  activity  betoken  what 
ire  known  as  the  sanguine  and  nervous  temperaments. 

573.  Having  now  inquired  into  the  evidence  of  the  general  functions 
>f  the  Cerebrum,  which  may  be  derived  from  examination  of  its  Com- 
parative development,  we  proceed  to  our  other  sources  of  information, 
Experiment  and  Pathological  phenomena.    From  neither  of  these,  how- 
,  is  much  positive  information  to  be  derived. — All  the  results  of 
ixperiments  concur  to  establish  the  fact,  that  no  irritation,  either  of  the 
resicular  or  of  the  fibrous  substance,  produces  either  sensation  or  motion. 
These  results  are  borne-out  by  pathological  observations  in  Man ;  for  it 
iias  been  frequently  remarked,  when  it  has  been  necessary  to  separate 
protruded  portions  of  the  Brain  from  the  remainder,  that  this  has  given 
•ise  to  no  sensation,  even  in  cases  in  which  the  mind  has  been  perfectly 
:lcar  at  the  time,  nor  has  any  convulsive  action  been  produced.  The 
Its  of  partial  mutilations  are  usually,  in  the  first  instance,  a  general 
listurbance  of  the  Cerebral  functions;  which  subsequently,  however, 
nore  or  less  quickly  subsides,  leaving  but  little  apparent  affection  of 
ho  animal  functions,  except  muscular  weakness.    The  whole  of  one 
iemisphere  has  been  removed  in  this  way,  without  any  evident  conse- 
i  [uence,  save  a  temporary  feebleness  of  the  limbs  on  the  opposite  side  of 
•  he  body,  and  what  was  supposed  to  be  a  deficiency  of  sight  through  the 
>pposite  eye.    The  former  was  speedily  recovered-from,  and  the  animal 
i  'erformed  all  its  movements  as  well  as  before ;  the  latter,  however,  was 
i  >ermanent,  but  the  pupil  remained  active.    When  the  upper  part  only 
1  »f  both  Cerebral  Hemispheres  was  removed  by  Hertwig,  the.  animal  was 
j  "educed,  for  fifteen  days,  to  nearly  the  same  condition  with  the  one 
;  rorn  which  they  had  been  altogether  withdrawn ;  but  afterwards  sensi- 
bility evidently  returned,  and  the  muscular  power  did  not  appear  to  be 
nuch  diminished. — The  effects  of  the  entire  removal  of  the  Cerebral 
j  iemispheres  have  been  already  stated  (§  526).    So  far  as  any  inferences 
an  be  safely  drawn  from  them,  these  fully  bear-out  the  conclusion  that 
I  lie  Cerebrum  is  the  organ  of  Intelligence  ;  since  the  animals  which  have 
[  offered  this  mutilation  appear  to  be  constantly  plunged  in  a  profound 
'cep,  from  which  no  irritation  ever  seems  able  to  arouse  them  into  full 
|  ctlyity,  although  they  give  manifestations  of  consciousness.    It  would 
I  >e  wrong  hence  to  infer,  however,  as  some  have  done,  that  such  would 
;  »B  the  natural  condition  of  an  animal  without  a  Cerebrum ;  since  it  is 
'')vious  that  much  of  the  disturbance  of  the  sensorial  powers  which  is 
I  'ccasioned  by  this  operation,  is  fairly  attributable  to  the  laying-open  of 
J  he  cranial  cavity,  to  the  disturbance  of  the  normal  vascular  pressure, 
l      to  ^e  injury  necessarily  done  to  the  parts  which  are  left,  by  their 
I  evera°ce  from  the  Cerebrum.    Hence  the  persistence  of  consciousness 
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after  the  entire  removal  of  the  Cerebrum, — which  proves  that  the  Cere- 
brum is  not  its  seat,  or  at  least  not  its  exclusive  seat, — is  a  far  more  im- 
portant fact  than  the  positive  destruction  of  psychical  power  which  is 
consequent  upon  the  operation.  So  far  as  they  can  be  trusted,  however 
the  results  of  such  mutilations  bear-out  the  views  already  put-forth,  as  to 
the  superadded  and  non-essential  character  of  the  Cerebrum  ;  and  justify 
us  in  applying  to  the  higher  animals  the  inferences  to  which  we  should 
be  led  by  the  contemplation  of  those  forms  of  the  nervous  system  in 
which  no  Cerebrum  exists.  There  is  nothing,  therefore,  to  oppose  the 
conclusion,  that  whilst  sensations  maybe  felt,  and  sensori-motor  actions 
excited,  independently  of  the  Cerebrum,*  the  presence  of  this  organ  is 
essential  to  the  formation  of  ideas  or  notions  respecting  the  objects  of 
sense,  and  to  the  performance  of  those  psychical  operations  for  which 
ideas  furnish  at  once  the  material  and  the  stimulus  to  activity. 

574.  The  information  afforded  by  Pathological  phenomena  is  equally 
far  from  being  definite.    Many  instances  are  on  record  in  which  extensive 
disease  has  occurred  in  one  Hemisphere,  so  as  almost  entirely  to  destroy 
it,  without  either  any  obvious  injury  to  the  mental  powers,  or  any  inter- 
ruption of  the  influence  of  the  mind  upon  the  body.    But  there  is  no 
case  on  record  of  any  such  severe  lesion  of  both  hemispheres,  in  which 
morbid  phenomena  were  not  evident  during  life.    It  is  true  that,  in 
Chronic  Hydrocephalus,  a  very  remarkable  alteration  in  the  condition  of 
the  Brain  sometimes  presents  itself,  which  might  a  priori  have  been  sup- 
posed destructive  to  its  power  of  activity  ;  the  ventricles  being  so  enor- 
mously distended  with  fluid,  that  the  cerebral  matter  has  seemed  like  a 
thin  lamina  spread  over  the  interior  of  the  enlarged  cranium.    But  there 
is  no  proof  that  absolute  destruction  of  any  part  was  thus  occasioned ; 
and  it  would  seem  that  the  very  gradual  nature  of  the  change  gives  to 
the  structure  time  for  accommodating  itself  to  it.    This,  in  fact,  is  to 
be  noticed  in  all  diseases  of  the  Encephalon.    A  sudden  lesion,  that  may 
be  so  trifling  as  to  escape  observation  unless  this  be  very  carefully  con- 
ducted, will  occasion  very  severe  symptoms  ;  whilst  a  chronic  disease  may 
gradually  extend  itself,  without  any  external  manifestation.    It  will 
usually  be  found  that  sudden  paralysis,  of  which  the  seat  is  intheBram, 
results  from  some  slight  effusion  of  blood  in  the  substance  or  in  the 
neighbourhood  of  the  Corpora  Striata ;  whilst,  if  it  follows  disorder  of  long 
standing,  a  much  greater  amount  of  lesion  commonly  presents  itself. 
In  either  case,  the  paralysis  occurs  in  the  opposite  side  of  the  body,  as  e 
should  expect  from  the  decussation  of  the  Pyramids ;  but  it  may  occur 
either  on  the  same,  or  on  the  opposite  side  of  the  face, — the  cause  of 
which  has  already  been  explained.    The  disturbance  of  the  Cerebral 
functions  occasioned  by  those  changes  in  its  nutrition  which  are  com- 
monly included  under  the  general  term  Inflammation,  presents  a  marked 
diversity  of  character  according  to  the  part  it  affects.    Thus  it  is  we 
known  that  the  Delirium  of  excitement  is  usually  a  symptom  of  inflamma- 
tion of  the  cortical  substance  or  of  the  membranes  of  the  Hemispheres. 
This  is  exactly  what  might  be  anticipated  from  the  foregoing  premises, 

*  It  is  worthy  of  remark,  that  M.  Flourens,  who  in  the  first  instance  ma,"^eedd 
that  sensation  is  altogether  destroyed  by  the  removal  of  the  Cerebrum,  Das  suds  > 
in  the  Second  Edition  of  his  Researches,  the  word  perception  for  sensation,  app 
implying  exactly  what  is  maintaiued  above. 


THE  CEREBRUM,  AND  ITS  FUNCTIONS. 


647 


since  this  condition  is  a  perversion  of  the  ordinary  mental  operations, 
which  are  dependent  upon  the  instrumentality  of  the  vesicular  matter : 
and  it  is  evidently  impossible  for  the  membranes  to  be  affected  with  in- 
flammation, without  the  nutrition  of  this  substance  being  impaired,  since 
it  derives  all  its  vessels  directly  from  them.    On  the  other  hand,  in- 
I  fiammation  of  the  fibrous  portion  of  the  Cerebrum  is  usually  attended 
|r  rather  with  a  state  of  torpor,  than  with  excitement ;  and  with  diminished 
power  of  the  will  over  the  muscles.    It  is  stated  by  Foville,  that  in  acute 
cases  of  Insanity,  he  has  usually  found  the  cortical  substance  intensely 
I:  red,  but  without  adhesion  to  the  membranes  ;  whilst  in  chronic  cases  it 
i:  is  indurated  and  adherent :  but  where  the  insanity  has  been  complicated 
l>  with  Paralysis,  he  has  usually  found  the  medullary  portion  indurated 
It  and  congested. 

575.  The  numerous  and  interesting  observations  which  have  been 
I  made  during  the  last  few  years  on  loss  of  the  faculty  of  language,  or  rather 
|  of  intellectual  expression,  (see  Aphasia,  Agraphia,  &c,  in  the  Year  Book 
r  of  the  New  Sydenham  Society)  are  of  great  interest  in  reference  to  the 
y  Physiology  of  the  Brain.     It  is  commonly  associated  with  Right  Hemi- 
.  plegia,  and  in  a  large  proportion  of  the  cases  examined  after  death, 
I  disease  has  been  found  in  the  posterior  part  of  the  third  or  inferior 
\  frontal  convolution  of  the  left  hemisphere ;    hence  the  conclusion  has 
J  been  drawn  that  the  faculty  of  language  has  its  seat  in  this  particular 
it'  convolution.     Dr.  Hughlings  Jackson,*  however,  has  pointed  out  that 
\  language  may  be  intellectual  or  emotional,  and  that  when  all  power  of 
expressing  ideas  in  words  is  lost,  an  entire  phrase  may  be  uttered  under 
if  emotion.    Intellectual  language  again  or  intellectual  expression  he  shows 
i'I  to  be  a  department  of  educated  movements  in  general,  and  gives  reasons 
,  ft  for  believing  that  the  entire  hemisphere  is  concerned  in  its  evolution.  It 
[i  conflicts  with  all  preconceived  notions  that  the  left  side  of  the  brain 
if:  should  alone  have  to  do  with  the  faculty  of  language,  but  this  seems  to 
iv  be  clearly  demonstrated  by  Pathology.    P.  Broca  and  Dr.  Moxon  have 
i  explained  it  by  supposing  that  the  side  of  the  brain  only  is  educated, 
and  Gratiolet's  observation  that  the  left  frontal  convolutions  are  developed 
-|  before  the  right,  has  been  adduced  in  support  of  this  view,  which, 
I  however,  cannot  be  said  to  be  established.    An  interesting  fact  in  con- 
nection with  this  subject,  is  the  comparative  frequency  of  Optic  Neuritis 
in  association  with  disease  in  the  Right  Hemisphere  of  the  Brain  as 
J  J  compared  with  the  left. 
I     576.  The  general  result  of  pathological  investigation  is,  that  the  Cere- 
brum is  the  instrument  of  all  those  psychical  operations,  which  we  include 
I  under  the  general  term  Intellectual,  whilst  it  also  affords,  in  part  at  least,  the 
!  mstrumental  conditions  of  Emotional  states  ;  and  that  all  those  muscular 
I  movements  which  result  from  voluntary  determinations,  or  which  are 
directly  consequent  upon  emotional  excitement,  have  their  origin  in  its 
[  vesicular  substance,  though  the  motor  impulse  is  immediately  furnished 
'')'  the  Cranio-Spinal  apparatus,  upon  which  the  Cerebrum  plays  (§  547). 
It  does  not  hence  follow,  however,  that  the  Cerebrum  has  such  a  direct 
I  rf 'ation  to  the  Mind,  that  the  consciousness  is  immediately  and  necessa- 
|  rny  affected  by  changes  taking-place  in  its  own  substance  ;  and,  however 
'  startbng  the  proposition  may  at  first  sight  appear,  that  the  organ  of  the 
*  "Lancet,"  Feb.  1866,  Dec.  1867,  July  and  Nov.  1868. 
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intellectual  operations  is  not  itself  endowed  with  consciousness,  a  careful 
consideration  of  the  relations  of  the  Cerebrum  to  the  Sensory  Ganglia 
will  tend  to  show  that  there  is  no  a  priori  absurdity  in  such  a  notion. 
For  if  the  connection  of  the  vesicular  matter  of  the  Cerebral  Hemispheres 
with  the  Sensorial  Centres,  be  anatomically  the  same  as  that  which  exists 
between  these  centres  and  the  Eetina  or  any  other  peripheral  expansion 
of  vesicular  matter  in  an  organ  of  sense,  which  we  have  seen  that  it  is 
(§  564), — and  if  the  same  kind  of  change  may  be  excited  in  the  Senso- 
rial Centres  by  an  impression  from  each  source,  which  has  been  shown 
to  be  a  matter  of  common  occurrence  (§  546), — it  can  scarcely  be  deemed 
unlikely  that  the  Sensorial  Centres  should  be  the  seat  of  consciousness, 
not  merely  for  the  impressions  transmitted  to  them  by  the  nerves  of  the 
external  senses,  but  also  for  the  impressions  brought  to  them  by  the 
'  nerves  of  the  internal  senses,'  as  we  may  designate  (after  Eeil)  the  radia- 
ting fibres  of  the  Cerebral  Hemispheres  (§  564).  And  there  is  on  the  other 
hand  an  d,  priori  improbability  that  there  should  be  two  seats  of  consci- 
ousness, so  far  removed  from  one  another  as  the  Sensory  Ganglia  and 
the  vesicular  surface  of  the  Hemispheres  (for  to  their  medullary  substance 
no  such  attribute  can  be  assigned  with  the  least  probability)  ;  an  idea 
which  is  quite  at  variance  with  that  very  simple  and  familiar  class  of 
phenomena,  which  consists  in  the  recollection  of  sensations.  For  the 
remembered  sensation  is  so  completely  the  reproduction  of  the  original, 
that  we  can  hardly  suppose  the  seat  of  the  two  to  be  different ;  yet  the 
act  of  recollection  is  clearly  Intellectual,  and  therefore  Cerebral ;  conse- 
quently, if  we  admit  that  the  Sensory  Ganglia  are  the  seat  of  the  original 
sensation,  we  can  scaroely  but  admit  that  they  are  also  the  seat  of  that 
which  is  reproduced  by  the  Cerebral  act, — a  view  which  is  fully  confirmed 
by  the  occurrence  of  automatic  movements  as  consequences  of  its  recal 
(§  546).  And  a  careful  analysis  of  our  own  mental  operations  will 
often  supply  evidence  of  the  evolution  of  results,  such  as  ordinarily 
proceed  from  intellectual  action,  without  any  consciousness  on  our  own 
parts  of  the  steps  whereby  these  are  attained. 

577.  Without  presuming,  then,  to  affirm  positively  what  cannot  be 
proved,  it  may  be  stated  as  a  probable  inference  from  the  facts  already 
referred-to,  that  the  Sensory  Ganglia  constitute  the  seat  of  consciousness,  not 

merely  for  impressions  on  the  Organs  of  Sense,  but  also  for  changes  in  the 
cortical  substance  of  the  Cerebrum  ;  so  that,  until  the  latter  have  reacted 
downwards  upon  the  Sensorium,  we  have  no  consciousness  either  of  the 
formation  of  ideas,  or  of  any  intellectual  process  of  which  these  may  be 
the  subjects. — Ideas,  Emotions,  Intellectual  operations,  &c.  have  of  late 
been  frequently  designated  as  '  states  of  consciousness;'  and  this  psycho- 
logical description  of  them  is  in  full  harmony  with  the  physiological 
account  here  given  of  the  material  conditions  under  which  they  respec- 
tively occur.  For  as  a  Sensation  is  a  state  of  consciousness  excited 
through  the  instrumentality  of  the  Sensorium,  by  a  certain  change  (e.g.)  w 
the  condition  of  the  Retina,  it  is  not  difficult  to  understand  how  a  change 
in  the  condition  of  the  Cerebrum  may  excite,  through  the  same  instru- 
mentality, that  state  of  consciousness  which  may  be  termed  Ideationa  , 

*  The  Author  ventures  to  use  this  term,  the  meaning  of  which  requires  no  e^*"aJ  I 
tion,  on  the  authority  of  Mr.  James  Mill,  who  remarks— "  As  we  say  bcwaiio  ,  ^ 
might  also  say  Ideation  ;  it  would  be  a  very  useful  word  ;  and  there  is  no  oujeo 
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or  that  another  change  may  produce  the  Emotional  consciousness,  another 
the  Intuitional  consciousness,  another  the  Logical  consciousness.  And 
although  it  may  be  thought  at  first  sight  to  be  a  departure  from  the  sin- 
plicity  of  Nature,  to  suppose  that  the  Cerebrum  should  require  another 
organ  to  give  us  a  consciousness  of  its  operations,  yet  we  have  the  know- 
ledge that  the  Bye  does  not  give  us  visual  consciousness,  nor  the  Ear 
auditory  consciousness,  unless  they  be  connected  with  the  Sensory  Gan- 
glia  ;  and  in  the  end  (the  author  feels  a  strong  assurance)  it  will  be  found 
much  simpler  to  accept  the  doctrine  of  a  common  centre  for  sensational 
and  for  what  may  be  distinguished  as  mental  consciousness,  than  to 
regard  the  two  centres  as  distinct.* 


6.  Of  Sleep  and  Somnambulism. 

578.  It  is  a  peculiar  feature  in  the  physiology  of  the  Cerebral  and 
Sensorial  Ganglia,  that  their  activity  undergoes  a  periodical  suspension, 
more  or  less  complete ;  the  necessity  for  this  suspension  arising  out  of  the 
act  that  the  exercise  of  their  functions  is  in  itself  destructive  to  their 
substance,  so  that,  if  this  be  not  replaced  by  nutritive  regeneration,  they 
■speedily  become  incapacitated  for  further  use.  The  interesting  researches 
if  Mr.  Arthur  Durham  j  on  the  condition  of  the  circulation  in  the  Brain 
luring  sleep,  have  shown  that  the  brain  is  then  in  an  essentially  bloodless 
:ondition,  and  that  not  only  the  quantity  but  the  rapidity  of  movement 
)f  the  blood  in  the  vessels  is  materially  diminished  ;  and  this  is  corrobo- 
ated  by  the  observations  of  Dr.  J.  Hughlings  Jackson  on  the  ophthalmo- 
:  copic  condition  of  the  Eetina  during  sleep,:};  the  optic  disc  being  then 
I  vhiter,  the  arteries  smaller,  the  veins  somewhat  larger,  and  the  neigh - 
ouring  part  of  the  retina  more  ansernic,  than  in  the  waking  state.  In 
rdinary  profound  Sleep  there  is  a  state  of  complete  unconsciousness,  so 
I  u  as  external  phenomena  are  concerned ;  no  ordinary  impressions  upon 
I  ue  organs  of  sense  being  either  felt  or  perceived  ;  although  an  extraordi- 
i  ary  impression,  or  even  an  habitual  one  upon  which  the  attention  has 
een  previously  fixed  as  that  at  which  the  slumberer  is  to  awake  himself 
j  §  o86),  occasions  a  renewal  of  sensorial  activity.  It  is  in  this  capability 
1  being  aroused  by  external  impressions,  that  the  chief  difference  lies 
I  etween  Sleep  and  the  abnormal  condition  of  Coma,  whether  this  arise 
'om  the  influence  of  pressure  or  effusion  within  the  cranium,  or  be  con- 
sent upon  the  poisoning  of  the  blood  by  narcotic  substances,  or  follow 
previous  state  of  abnormal  activity  of  the  brain,  such  as  Delirium. 

I  except  the  pedantic  habit  of  decrying  a  new  term.    Sensation  is  the  general  name 
I  r  one  part  of  our  constitution  [or  rather,  for  one  state  of  our  consciousness],  Ideation 
r  another."    ("  Analysis  of  the  Human  Mind,"  vol.  i.  p.  42.)— If  the  use  of  the 
i   Btantive  Ideation  be  admitted,  there  can  be  no  reasonable  objection  to  the  adjective 
't  mhonal. 

nth  ^GrVe  to  ^'Ve  a<lditional  confidence  in  the  views  above  propounded,  if  the 
■  '"i-  mentions  that  he  was  led  by  them  to  predict  the  psychological  phenomena 
[  ,  t0  at  the  end  of  §  576,  of  which  he  was  not  at  the  time  aware  as  facts,  but  of 
;  '  - 1  llf'  afterwards  became  assured  by  the  analysis  of  his  own  consciousness,  and  by 
I  »  °nni]unicated  experience  of  others  to  whom  he  stated  the  question. — An  interest- 
i  Vl,,,i  suggestive  paper  by  Mr.  Lockhart  Clarke,  '  On  the  Nature  of  Volition,'  will 
j  iun,i  wNob.  7,  8,  and  9  of  the  "  Psychological  Journal"  for  1862. 
I  +  <t,  .7d  IIo8Pital  Reports,"  Third  Series,  vol.  vi. 
J  +  oee   K°y"l  ^ond.  Ophth.  Hosp.  Reports." 
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Between  these  two  conditions,  however,  every  gradation  may  be  seen  • 
as  in  the  gradually-increasing  torpor  which  results  from  slow  effusion 
within  the  cranium,  the  gradual  loss  of  susceptibility  to  external  im- 
pressions which  is  observed  on  the  application  of  Cold  to  the  nervous 
centres,  as  in  the  interesting  experiments  of  Dr.  Richardson  and  Dr. 
Weir  Mitchell,*  or  after  an  over-dose  of  a  narcotic,  as  well  as  in  the 
intensification  of  ordinary  sleep  which  is  consequent  upon  extreme 
previous  fatigue.    But  it  is  a  matter  of  doubt,  whether  the  suspension  of 
sensorial  consciousness  is  equally  complete  as  regards  internal  or  Cerebral 
changes ;  for  some  are  of  opinion  that,  even  in  the  most  profound  sleep, 
we  still  dream,  although  we  may  not  remember  our  dreams ;  whilst  others 
(and  among  these  the  Author  would  rank  himself)  consider  that  dreaming 
is  a  mark  of  imperfect  sleep,  and  that,  in  profound  ordinary  sleep,  the 
Cerebrum,  in  common  with  the  Sensory  Ganglia,  is  in  a  state  of  complete  I 
functional  inactivity.  When  Dreaming  takes  place,  there  is  usually  a  less  I 
complete  exclusion  of  sensory  impressions,  although  the  perceptive  con-  I 
sciousness  may  be  entirely  suspended ;  so  that  the  course  of  the  drpani  | 
may  be  influenced  by  them,  although  the  mind  is  not  conscious  of  them  f 
as  such  (§591).  If  this  be  the  true  account  of  the  case,  we  may  consider  I 
that  in  profound  Sleep  the  functional  activity  of  the  Cerebrum  and  of  the  I 
Sensory  Ganglia  is  alike  suspended  ;  but  that  in  Dreaming  the  Cerebrum  1 
is  partially  active,  whilst  the  Sensorium  is  in  such  a  condition  of  recep-| 
tivity  for  Cerebral  (subjective)  impressions  that  the  mind  becomes  directly  I 
conscious  of  them,  though  it  only  becomes  conscious  of  (objective)  im-I 
pressions  made  upon  the  Organs  of  Sense,  after  their  influence  has  beenli 
transmitted  through  it  to  the  Cerebrum,  and  has  been,  as  it  were,  J 
reflected  back  by  that  organ.    It  is,  in  fact,  by  their  influence  upon  thej, 
current  of  ideas,  and  not  by  their  power  of  exciting  sensations,  that  wel 
recognize  their  operation  under  such  circumstances. 

579.  The  state  of  Sleep  is  one  to  which  there  is  beyond  doubt  a|j 
■periodical  tendency ;  for,  when  the  waking  activity  has  continued  duringl 
a  considerable  proportion  of  the  twenty-four  hours,  a  sense  of  fatigue  is!  ; 
usually  experienced,  which  indicates  that  the  brain  requires  repose ;  anal 
it  is  only  under  some  very  strong  physical  or  moral  stimulus,  that  tliel 
mental  energy  can  be  sustained  through  the  whole  cycle.  In  fact,  un-J, 
less  some  decidedly  abnormal  condition  of  the  Cerebrum  be  induced  by 
the  protraction  of  its  functional  activity,  Sleep  will  at  last  supervene 
from  the  absolute  inability  of  the  organ  to  sustain  any  further  demand 
upon  its  energy,  even  in  the  midst  of  opposing  influences  of  the  mos 
powerful  nature. f    An  ingenious  suggestion  respecting  the  cause 

*  See  for  Dr.  Kichardson's  experiments,  "  Medical  Times  and  Gazette,"  1867,  vol.  i 
p.  489,  et  seq.;  and  for  those  of  Dr.  Mitchell  the  "American  Journal  of  Medic 
Science,"  1867,  p.  102.  , 

f  Tims  it  is  on  record,  that,  during  the  heat  of  the  battle  of  the  Nile,  some  or  i" 
over-fatigued  boys  fell  asleep  upon  the  deck :  and  during  the  last  attack  upon  Kiingo 


the  Captain  of  one  of  the  war-steamers  most  actively  engaged,  worn-out  by  the  ex 
"  ued  mental  tension,  fell  asleep,  and  remained  perfectly  unconscious  tor  „ 
thin  a  yard  of  one  of  his  largest  guns,  which  was  being  worked  e»er&?" 
during  the  whole  period.— So  even  the  severest  bodily  pain  yields  bcfo/^  l'ie * ,.; 


tive  demand  occasioned  by  the  continued  exhaustion  of  the  powers  of  1,10 
centres;  thus  Damiens  slept  upon  the  rack,  during  the  intervals  oi  his  cru 
ings  ;  the  North  American  Indian  at  the  stake  of  torture  will  go  to  sleep  on  i  ^ 
remission  of  agony,  and  will  slumber  until  the  fire  is  applied  to  awaken  mm  , 


OF  SLEEP  AND  SOMNAMBULISM. 


651 


sleep  has  been  put  forward  by  Sommer,*  founded  on  the  observations 
of  Pettenkofer  and  Voit,  already  alluded-to  (§  308,  xi.)  Sommer 
observes,  that  if,  as  the  experiments  of  Pettenkofer  appear  to  show, 
oxygen  is  gradually  being  stored  up  during  sleep,  a  period  will  pro- 
bably arrive  when  it  exists  in  such  excess  as  materially  to  accelerate 
the  metamorphosis  of  the  nervous  and  other  tissues,  and,  as  a  con- 
sequence, awakening  occurs.  On  the  other  hand,  during  the  waking 
state  the  stored-up  oxygen  is  gradually  eliminated,  as  shown  by  the 
large  proportion  of  carbonic  acid  given  off,  until  at  length,  when  all  the 
excess  has  been  consumed,  exhaustion  and  general  relaxation  is  ex- 
perienced, accompanied  by  the  desire  for  sleep.  That  the  strongest 
Volitional  determination  to  remain  awake  is  forced  to  give-way  to  Sleep, 
when  this  is  required  by  the  exhaustion  of  nervous  power,  must  be 
within  the  experience  of  every  one ;  and  the  only  way  in  which  the 
Will  can  even  retard  its  access,  is  by  determinately  fixing  the  consci- 
ousness upon  some  definite  object,  and  resisting  every  tendency  in  the 
thoughts  to  wander  from  this.  It  does  not  appear  to  be  of  any  con- 
sequence, whether  this  exhaustion  be  produced  by  the  active  exercise  of 
volition,  reflection,  emotion,  or  simple  sensation  ;  still  we  find  that  the 
volitional  direction  of  the  thoughts  in  a  course  different  from  that  in 
which  they  tend  spontaneously  to  flow,  is  productive  of  far  more  ex- 
haustion than  the  automatic  activity  of  the  mind ;  whilst,  on  the  other 
hand,  the  excess  of  automatic  activity,  whether  as  regards  the  intellectual 
operations  or  emotional  excitement,  tends  to  prevent  sleep.  This  is 
particularly  the  case  when  the  feelings  are  deeply  interested ;  thus  the 
strong  desire  to  work-out  a  result,  or  to  complete  the  survey  of  a 
subject,  is  often  sufficient  to  keep-up  the  intellectual  activity  as  long  as 
may  be  requisite  (a  state  of  restlessness  indeed  being  often  induced, 
which  prevents  the  access  of  sleep  for  some  time  longer) ;  so,  again, 
anxiety  or  distress  is  a  most  frequent  cause  of  wakefulness  ;  and  it  is 
generally  to  be  observed  that  the  state  of  suspense  is  more  opposed  to 
the  access  of  sleep,  than  the  greatest  joy  or  the  direst  calamity  when 
certainty  has  been  attained.!  But  although  an  excess  of  automatic 
activity  is  opposed,  so  long  as  it  continues,  to  the  access  of  sleep,  yet  it 
cannot  be  long  protracted  without  occasioning  an  extreme  exhaustion  of 
j  nervous  power,  which  necessitates  a  long  period  of  tranquillity  for  its 
complete  restoration. 

580.  Whilst,  however,  the  necessity  for  Sleep  arises  out  of  the  state 
ji  the  nervous  system  itself,  there  are  certain  external  conditions  which 
j  av°ur  its  access ;  and  these,  in  common  parlance,  are  termed  its  predis- 
posing causes.    Among  the  most  powerful  of  these,  is  the  absence  of 

|ledical  Practitioner  has  frequent  illustrations  of  the  same  fact. — That  the  continued 
|  tumand  for  muscular  activity  is  not  incompatible  with  the  access  of  sleep,  is  obvious 
rom  what  has  been  already  said  of  the  persistence  of  the  automatic  movements  in  that 
onaiUon  ;  it  is  well  known  that,  previously  to  the  shortening  of  the  hours  of  work, 
,f>ry  children  frequently  fell  asleep  whilst  attending  to  their  machines,  although 
I  'y  aware  that  they  should  incur  severe  punishment  by  doing  so. 

Jtienle  and  Pfeuffer's  "Zeits.  f.  Rat.  Med.,"  1868,  Bd.  xxxiii.  p.  214. 
I  aril      i  11  '8  a  common  observation,  that  criminals  under  sentence  of  death  sleep 
j   \    80  '°"S  as  they  entertain  any  hopes  of  a  reprieve  ;  but  when  once  they  are  satis- 
l  i,„       ,     r  death  is  inevitable,  they  usually  sleep  more  soundly,  and  this  even  on 
1 116  verv  last  night  of  their  lives. 
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sensorial  impressions ;  thus,  darkness  and  silence  usually  promote  re- 
pose ;  and  the  cessation  of  the  sense  of  muscular  effort,  which  takes- 
place  when  we  assume  a  position  that  is  sustained  without  it,  is  no  less 
conducive  to  slumber.    There  are  cases,  however,  in  which  the  con- 
tinuance of  an  accustomed  sound  is  necessary,  instead  of  positive  silence, 
the  cessation  of  the  sound  being  a  complete  preventive  of  sleep ;  thus  it 
happens  that  persons  living  in  the  neighbourhood  of  the  noisiest  mills  or 
forges  cannot  readily  sleep  elsewhere.    Such  cases  are  referable  either 
to  the  influence  of  habit,  which  causes  the  attention  of  the  individual  to 
be  more  attracted  by  the  suspension  of  the  sound  than  by  its  con- 
tinuance ;  or  to  the  fact  that  the  monotonous  repetition  of  sensorial  im- 
pressions is  often  more  favourable  to  sleep  than  their  complete  absence. 
Thus  it  is  within  the  experience  of  every  one,  that  the  droning  voice 
of  a  heavy  reader  on  a  dull  subject  is  often  a  most  effectual  hypnotic; 
in  like  manner,  the  ripple  of  the  calm  ocean  on  the  shore,  the  sound  of 
a  distant  waterfall,  the  rustling  of  foliage,  the  hum  of  bees,  and  similar 
impressions  upon  the  auditory  sense,  are  usually  favourable  to  sleep; 
and  the  muscular  and  tactile  senses  may  be  in  like  manner  affected  by 
an  uniform  succession  of  gentle  movements,  as  we  see  in  the  mode  in 
which  nurses  '  hush  off'  infants,  or  in  the  practice  of  gently  rubbing 
some  part  of  the  body  which  has  been  successfully  employed  by  many 
who  could  not  otherwise  compose  themselves  to  sleep.    The  reading  of 
a  dull  book  acts  in  the  same  mode  through  the  visual  sense ;  for  the 
eyes  wander-on  from  line  to  line,  and  from  page  to  page,  receiving  a 
series  of  sensorial  impressions  which  are  themselves  of  a  very  mono- 
tonous kind,  and  which  only  tend  to  keep  the  attention  alive  in  propor- 
tion as  they  excite  interesting  ideas. 

581.  In  these  and  similar  cases  the  influence  of  external  impressions 
would  seem  to  be  exerted  in  withdrawing  the  mind  from  the  distinct 
consciousness  of  its  own  operations  (the  loss  of  which  is  the  transition- 
state  towards  that  of  complete  unconsciousness),  and  in  suspending  the 
directing  power  of  the  Will.  And  this  is  the  case,  even  where  the 
attention  is  in  the  first  instance  voluntarily  directed  to  them  ;  as  in  some 
of  the  plans  which  have  been  recommended  for  the  induction  of  sleep, 
when  there  exists  no  spontaneous  disposition  to  it.  In  other  metho  s, 
the  attention  is  fixed  upon  some  internal  train  of  thought,  which,  when 
once  set-going,  may  be  carried-on  automatically ;  such  as  counting 
numbers,  or  repeating  a  French,  Latin,  or  Greek  verb.  In  either  case, 
when  the  sensorial  consciousness  has  been  once  steadily  fixed»  ^ 


Sense,  or  from  the  Cerebrum)  tends  to  retain  it  there ;  so  that  tne  ■ 
abandons,  as  it  were,  all  control  over  the  operations  of  the  nun  ,  a 
allows  it  to  yield  itself  up  to  the  soporific  influence.    This  last  me 
is  peculiarly  effectual  when  the  restlessness  is  dependent  upon 

 +1,0+        w;ii  w  nnWpr  to  withdraw  int 


mental  agitation ;  provided  that  the  Will  has  power  to 
thoughts  from  the  exciting  subject,  and  to  reduce  them  to  the  tr  4 
lizing  state  of  a  mere  mechanical  repetition.  'n  dividual 

582.  The  access  of  Sleep  is  sometimes  quite  sudden  ;  the  i  ^ 
passing  at  once  from  a  state  of  complete  mental  activity  to  ?°'termediate 
torpor.  More  generally,  however,  it  is  gradual ;  and  various  i        ^  ^ 
phases  may  be  detected,  some  of  which  bear  a  close  resemDian 
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state  of  Eeverie.    The  same  may  be  said  with  regard  to  the  transition 
from  the  state  of  Sleep  to  that  of  wakeful  activity ;  and  this  also  may  be 
sudden  and  complete,  although  it  usually  consists  of  a  succession  of 
stages, — the  complete  consciousness  of  the  individual's  relation  to  the  ex- 
ternal world,  and  the  power  of  directing  his  thoughts  and  actions  to  any 
subject  about  which  he  may  be  required  to  exert  himself,  being  the  last 
;o  return  to  him.    There  may  be  a  rapid  alternation  of  these  different 
;.;tates ;  the  loss  and  recovery  of  the  waking  consciousness  being  many 
:  -,imes  repeated  in  the  course  of  a  few  minutes,  when  the  circumstances 
r  ire  such  as  to  prevent  the  access  of  profound  sleep  by  the  recurrence  of 
lensory  impressions  ;  as  when  a  man  on  horseback,  wearied  from  want  of 
Lest,  lapses  at  every  moment  into  a  dozing  state,  from  which  the  loss  of 
I  he  balance  of  his  body  as  frequently  and  suddenly  arouses  him ;  or  when 
[  \  man  going  to  sleep  in  a  sitting  posture,  gradually  loses  the  support  of 
L  he  muscles  which  keep  his  head  erect,  his  head  droops  by  degrees,  and  at 
I  ist  falls  forward  on  his  chest,  and  the  slight  shock  thence  ensuing  par- 
I  tally  arouses  and  restores  his  voluntary  power,  which  again  raises  the 
ead.    Similar  fluctuations  occur  in  the  sensory  perceptions  ;  and  these 
I  lay  be  often  artificially  induced  by  very  simple  means.    "We  find,  for 
xample,  one  condition  of  sleep  so  light,  that  a  question  asked  restores 
Dnsciousness  enough  for  momentary  understanding  and  reply ;  and  it  is 
1  a  old  trick  to  bring  sleepers  into  this  state,  by  putting  the  hand  into  cold 

•  Later,  or  produce  some  other  sensation,  not  so  active  as  to  awaken,  but 
r  ifficient  to  draw  the  mind  from  a  more  profound  to  a  lighter  slumber. 
'  I  his  may  be  often  repeated,  sleep  still  going  on  ;  but  make  the  sound 
:  f  ,  aider  and  more  sudden,  and  complete  waking  at  once  ensues.  The  same 
>  |  ith  other  sensations.    Let  the  sleeper  be  gently  touched,  and  he  shows 

ti  nsibility,  if  at  all,  by  some  slight  muscular  movement.    A  ruder  touch 

•  l-ccites  more  disturbance  and  motion,  and  probably  changes  the  current 
l(  *  dreaming ;  yet  sleep  will  go  on  ;  and  it  often  requires  a  rough  shaking, 
lirticularly  in  young  persons,  before  full  wakefulness  can  be  obtained." 

'  *  *  "  It  is  certain  that  the  faculties  of  sensibility  and  volition  are  often 
|  equally  awakened  from  sleep.    The  case  may  be  stated,  familiar  to 
I  any,  of  a  person  sleeping  in  an  upright  posture,  with  the  head  falling 
I  'er  the  breast;  in  whom  sensibility  is  suddenly  aroused  by  some  ex- 
rnal  impression,  but  who  is  unable,  for  a  certain  time,  to  raise  his  head, 
jj  ough  the  sensation  produced  by  this  delay  of  voluntary  action  is  singu- 
I  -ly  distressing."    These  various  cases,  it  is  justly  remarked  by  Sir  H. 
|;  3lland,*  depending  severally  on  the  intensity  of  sleep,  and  on  the  kind 
d  degree  of  the  external  exciting  causes,  will  be  found  to  explain  many 
;  those  so-called  Mesmeric  phenomena,  which  are  offered  to  us  under  a 
dely  different  interpretation.    And  it  may  be  here  remarked,  that 
f  long  those  intermediate  states  between  sleep  and  waking,  which  either 
|  Mir  spontaneously,  or  can  be  induced  in  numerous  individuals  by  very 
I  iple  processes,  there  are  several  which  exhibit  peculiarities  that  are  not 
f  themselves  in  the  least  degree  less  remarkable,  than  are  those  which 
J  regarded  with  so  much  wonder  by  the  uninformed  observer,  when 
I  meed  by  the  asserted  Mesmeric  influence,  and  paraded  as  specimens  of 
I  power. 

|         Jl'8  excellent  chapter  on  '  Sleep,'  from  which  the  above  extracts  are  taken,  in 
Medical  Notes  and  Reflections,"  and  his  "  Chapters  on  Mental  Physiology." 
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583.  It  is  unquestionable  that  the  supervention  of  Sleep  may  be  pro- 
moted by  the  strong  previous  expectation  of  it ;  and  this  is  true,  not 
merely  of  ordinary  sleep,  but  of  the  states  of  artificial  Reverie  and  Som- 
nambulism formerly  described.    Every  one  knows  the  influence  of  habit, 
not  only  in  regard  to  'time,'  but  also  as  to  'place  and  circumstance,'  in 
predisposing  to  Sleep.    Thus,  the  celebrated  pedestrian  Capt.  Barclay, 
when  accomplishing  his  extraordinary  feat  of  walking  1000  miles  in  as 
many  successive  hours,  obtained  at  last  such  a  mastery  over  himself  that  I 
he  fell  asleep  the  instant  he  lay  down.    And  the  sleep  of  soldiers,  sailors, 
and  others,  who  are  prevented  by  '  duty'  from  obtaining  regular  periods  of 
repose,  but  are  obliged  to  take  their  rest  at  short  intervals,  may  be  almost 
said  to  come  at  command ;  nothing  more  being  necessary  to  induce  it,  than  I 
the  placing  the  body  in  an  easy  position,  and  the  closure  of  the  eyes.  It  | 
is  related  that  the  Abbe  Faria,  who  acquired  notoriety  through  his  power  | 
of  inducing  somnambulism,  was  accustomed  merely  to  place  his  patient! 
in  an  arm-chair,  and  then,  after  telling  him  to  shut  his  eyes  and  collect! 
himself,  to  pronounce  in  a  strong  voice  and  imperative  tone  the  word  I 
"  dormez,"  which  was  usually  successful.    The  Author  has  had  frequent  I 
opportunities  of  satisfying  himself,  that 'the  greater  success  which  attended  I 
the  '  hypnotic'  mode  of  inducing  somnambuhsm,  in  the  hands  of  Mr.  J 
Braid,  its  discoverer,  than  in  that  of  others,  partly  lay  in  the  mentally 
condition  of  his  subjects,  Avho  came  to  him  for  the  most  part  under  theft 
confident  expectation  of  its  production,  and  were  further  assured  by  a  manft 
of  very  determined  will,  that  it  could  not  be  resisted.*   And  it  is  one  of  theft 
most  curious  phenomena  of  the  state  of  induced  Reverie,  absurdly  called! ; 
'  biological,'  that,  in  many  subjects  at  least,  sleep  may  be  induced  in  a|j;j 
minute  or  less,  by  the  positive  assurance,  with  which  the  mind  of  thelg. 
individual  becomes  possessed,  that  it  will  and  must  supervene. 

584.  The  influence  of  previous  mental  states  is  yet  more  remarkable!  j 
in  determining  the  effectsj  produced  upon  the  sleeper  by  different  sensory] 
impressions.    The  general  rule  is,  that  habitual  impressions  of  any  kinol 
have  much  less  effect  in  arousing  the  slumberer,  than  those  of  a  new  on ; 
unaccustomed  character.    An  amusing  instance  of  this  kind  has  beerj  a 
related  to  the  Author,  which,  even  if  not  literally  true,  serves  extremeljj . 
well  as  an  illustration  of  what  is  unquestionably  the  ordinary  fact.  M 
gentleman  who  had  taken  his  passage  on  board  a  ship  of  Avar,  was  aroused  . 
on  the  first  morning  by  the  report  of  the  morning  gun,  which  chanced  td- 
he  fired  just  above  his  berth  ;  the  shock  was  so  violent  as  to  cause  him  td 
jump  out  of  bed.    On  the  second  morning,  he  was  again  awoke,  but  thij I 
time  he  merely  started  and  sat-up  in  bed ;  on  the  third  morning,  tlij- 
report  had  simply  the  effect  of  causing  him  to  open  his  eyes  for  a  moment! 
and  turn  in  his  bed ;  on  the  fourth  morning,  it  ceased  to  affect  him  aj 
all;  and  his  slumbers  continued  to  be  undisturbed  by  the  report,  so  Ionj« 
as  he  remained  on  board.    It  often  happens  that  sleep  is  terminated  b«i 
the  cessation  of  an  accustomed  sound,  especially  if  this  be  one  wnosj 
monotony  or  continuous  repetition  had  been  the  original  inducement  »»j 
repose.    Thus,  a  person  who  has  been  read  or  preached  to  sleep,  mm 

•  A  very  amusing  instance  in  which  Sleep,  having  been  previously  induced  by  j  | 
ordinary  'mesmeric'  and  then  by  the  ' hypnotic'  Pr0.cesses-,;7%ijg/„S  «Bri 
simple  belief  that  a  new  process  was  being  put  in  practice,  will  be  tounci  in 
and  For.  Med.  Eev.,"  vol.  xix.  p.  477. 
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awake,  if  his  slumber  be  not  very  profound,  on  the  cessation  of  the  voice ; 
and  a  naval  officer,  sleeping  beneath  the  measured  tread  of  the  watch  on 
deck,  will  awake  if  that  tread  be  suspended. — In  this  latter  case  the 
influence  of  the  simple  cessation  of  the  impression  will  be  augmented  by 
the  circumstance  next  to  be  alluded-to,  which  has  received  too  little 
attention  from  writers  on  this  subject,  but  which  is  of  peculiar  interest 
both  in  a  physiological  and  psychological  point  of  view,  and  is  practically 
familiar  to  almost  every  one. 

585.  The  awakening  power  of  sensory  impressions  is  greatly  modified 
by  our  habitual  state  of  mind  in  regard  to  them.    Thus,  if  we  are  accus- 
tomed to  attend  to  these  impressions,  and  our  perception  of  them  is  thus 
increased  in  acuteness,  we  are  much  more  easily  aroused  by  them,  than 
we  are  by  others  which  are  in  themselves  much  stronger,  but  which  we 
have  been  accustomed  to  disregard.    Thus,  most  sleepers  are  aroused  by 
the  sound  of  their  own  names  uttered  in  a  low  tone,  when  it  requires  a 
umch  louder  sound  of  a  different  description  to  produce  any  manifestation 
}f  consciousness.    The  same  thing  is  seen  in  comatose  states ;  a  patient 
being  often  found  capable  of  being  momentarily  aroused  by  shouting  his 
mine  into  his  ear,  when  no  other  sound  produces  the  least  effect. — The 
following  circumstance,  communicated  to  the  Author  by  the  late  Sir 
Edward  Codrington,  is  a  most  apposite  illustration  of  this  principle. 
When  a  young  man,  he  was  serving  as  signal-lieutenant  under  Lord  Hood, 
I  it  the  time  Avhen  the  French  fleet  was  confined  in  Toulon  harbour ;  and 
>eing  desirous  of  obtaining  the  favourable  notice  of  his  commander,  he 
1  .voted  himself  to  his  duty  (that  of  watching  for  signals  made  by  the 
|  ook-out  frigates)  with  the  greatest  energy  and  perseverance,  often  re- 
Lnaining  on  deck  nineteen  hours  out  of  the  twenty-four,  with  his  atten- 
tion constantly  directed  towards  this  one  object.    During  the  few  hours 
}..  vhich  he  spent  in  repose,  his  sleep  was  so  profound  that  no  noise  of  an 
|  :  rdinary  kind,  however  loud,  would  awake  him  ;  and  it  used  to  be  a 
|;  avourite  amusement  with  his  comrades,  to  try  various  experiments 
:  I  evised  to  test  the  soundness  of  his  sleep.   But  if  the  word    signal'  was 
I  ven  whispered  in  his  ear,  he  was  instantly  aroused,  and  fit  for  immediate 
I  uty. — The  influence  of  habitual  attention  is  shown  as  much  in  the  effect 
I  roduced  by  the  cessation,  as  in  that  of  the  occurrence,  of  sensory  im- 
ressxons.  Thus  in  the  case  of  the  naval  officer  aroused  by  the  suspension 
f  the  measured  tread  of  the  watch  over  his  head,  the  knowledge  pos- 
Mssed  during  the  waking  state,  that  this  suspension  is  either  an  act  of 
egligence  which  requires  notice,  or  indicates  some  unusual  occurrence, 
oubtless  augments  the  effect  which  the  discontinuance  of  the  sound 
.  I  ovild  of  itself  produce. 
L  u-       ^  *8  not  recllusite>  however,  that  the  sound  should  be  one 
ibitually  attended  to  during  the  hours  of  watchfulness ;  for  it  is  sufficient 
it  be  one  on  which  the  attention  has  been  fixed  as  that  at  which  the 
I  umberer  is  to  arouse  himself.   Thus  the  medical  man,  even  in  his  first 
I  ,°|°und  sleep  after  a  fatiguing  day's  work,  is  aroused  by  the  first  stroke 
the  clapper  of  his  night-bell ;  and  to  those  who  are  accustomed  to  rise 
I  wy  morning  at  the  sound  of  an  alarum-clock,  the  frequency  and  regu- 
|  nty  of  the  occurrence  do  not  diminish,  but  rather  increase,  the  readi- 
I  '88  with  which  it  produces  its  effect,  provided  that  the  warning  be 
I  omptly  obeyed.    <_)n  this  usually  depends  the  efficiency  of  the  awaken- 
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ing  sound ;  if  it  be  disregarded  as  a  thing  to  which  there  is  no  occasion 
to  give  heed,  it  very  soon  ceases  to  produce  any  effect,  the  entire  peal 
not  being  sufficient  to  awake  the  sleeper  ;  whilst,  on  the  other  hand,  the 
first  stroke  is  enough  to  break  the  repose  of  him  who  is  impressed  with 
the  effectual  desire  of  profiting  by  the  Avarning.  And  thus  it  may  happen 
that,  of  two  persons  in  the  same  room,  either  shall  be  at  once  aroused  by 
a  sound  which  produces  no  disturbance  in  the  slumbers  of  the  other. 
To  this  influence  of  previous  impressions,  whether  habitual,  or  but  once 
forcibly  made,  we  are  also  to  refer  the  spontaneous  termination  of  the 
state  of  sleep  at  particular  times,  without  any  sensorial  excitement  from 
external  impressions.  Thus,  many  persons  who  are  accustomed  to  rise 
at  a  particular  hour,  wake  regularly  at  that  hour,  whether  they  have  gone 
to  re~t  early  or  late  ;  so  that  the  act  of  spontaneously  awakening  is  no 
proof  that  the  desirable  amount  of  repose  has  been  obtained.  But  what 
is  more  remarkable  is,  that  many  individuals  have  the  power  of  deter- 
mining, at  the  time  of  going  to  rest,  the  hour  at  which  they  shall  rise,  so 
as  to  awake  from  a  profound  sleep  at  the  precise  time  fixed-upon.  In 
others,  however,  the  desire  to  rise  at  a  particular  hour  only  induces  a 
state  of  restlessness  throughout  the  night,  destroying  the  soundness  of  the  I 
slumbers  ;  the  individual  awakes  many  times  in  the  night,  with  the  belief  I 
that  the  hour  is  past,  and  very  possibly  oversleeps  it  after  all,  the  system  I 
being  worn  out  by  the  need  of  repose. 

587.  The  Amount  of  Sleep  required  by  Man  is  affected  by  so  many  J 
conditions,  especially  age,  temperament,  habit,  and  previous  exhaustion,* 
that  no  general  rule  can  be  laid-down  on  the  subject. — The  condition  of  I 
the  faitus  in  utero  may  be  regarded  as  one  of  continual  slumber;  the  ap-j 
paratus  of  Animal  life  being  completely  secluded  from  all  stimuli  which I 
could  arouse  it  into  activity,  whilst  the  energy  of  the  Organic  functions  isi! 
entirely  directed  to  the  building-up  of  the  fabric.    On  its  first  entrance! 
into  the  world,  the  infant  continues  to  pass  the  greater  part  of  its  time! 
in  slumber  ;  and  this  is  particularly  to  be  noticed  in  cases  of  prematurej 
birth,  the  seven  months'  child  seeming  to  awake  only  for  the  purpose  ofj 
receiving  food,  and  giving  but  little  heed  to  external  objects,  whilst  evenly 
the  eight  months'  child  is  considerably  less  alive  to  sensory  impressions! 
than  one  born  at  the  full  time.  The  excess  of  activity  of  the  constructivel 
over  the  destructive  operations,  which  characterizes  the  whole  period  on  ■ 
infancy,  childhood,  and  adolescence  (chap,  xx.),  requires  that  a  larger! 
proportion  of  the  diurnal  cycle  shall  be  passed  in  sleep  (during  which  tha  i 
former  may  be  carried-on  without  hindrance),  than  is  requisite  whenj  j 
adult  age  has  been  attained,  the  two  sets  of  changes  being  then  balanced  J 
and  the  amount  of  sleep  to  which  the  system  shows  itself  disposed! 
gradually  diminishes  from  three-fourths  to  one-half,  and  from  one-half  td  < 
one-third,  or  even  to  one-quarter,  of  the  twenty-four  hours.    It  is  to  ba  > 
noticed  that  the  sleep  of  children  or  young  persons  is  not  only  l°nSe1 
than  that  of  adults,  but  is  also  more  profound.    On  the  other  hand,  aj 
age  advances,  and  the  bodily  and  mental  activity  of  the  waking  stati  ^ 
decreases,  a  smaller  amount  of  sleep  suffices  ;  or,  if  the  slumber  be  projd 
tracted,  it  is  usually  less  deep  and  refreshing.  It  may  be  noticed,  h°w®vn  ' 
that  verv  old  persons  usually  pass  a  large  proportion  of  their  time  m  s  eepr 


that  very  old  persons  usually  pass  a  large  proportio 
or  rather  in  a  sort  of  heavy  doze,  especially  after  meais;  »»  u,  - 
quence  of  the  want  of  energy  of  their  nutritive  operations,  a  very 
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period  of  repose  is  necessary  to  repair  the  waste  which  takes  place  during 
their  short  period  of  activity. — In  regard  to  the  influence  of  temperament, 
it  may  be  remarked  that  a  plethoric  habit  of  body,  sustained  by  full  diet, 
usually  predisposes  to  sleep,  provided  that  the  digestive  powers  be  in  a 
/igorous  condition  ;  persons  of  this  constitution  frequently  pass  nine  or 
ten  hours  in  slumber,  and  maintain  that  they  cannot  be  adequately  re- 
freshed by  less.    On  the  other  hand,  thin  wiry  people,  in  whom  the 
f  nervous'  temperament  predominates,  usually  take  comparatively  little 
sleep,  notwithstanding  the  greater  activity  of  their  nervous  system  when 
they  are  awake ;  but  their  slumber,  while  it  lasts,  is  generally  very  deep. 
Persons  of  '  lymphatic'  temperament,  heavy  passionless  people,  who  may 
oe  said  to  live  very  slowly,  are  usually  great  sleepers ;  but  this  is  rather 
because,  through  the  dulness  of  their  perceptions,  they  are  less  easily  kept 
nvake  by  sensorial  or  mental  excitement,  than  because  they  really  require 
i  prolonged  cessation  of  activity.    As  they  are  half  asleep  during  the 
making  state,  so  would  it  appear  that  the  constructive  operations  must 
)e  far  from  active  while  they  are  asleep,  so  little  do  they  .seem  restored  by 
he  repose. — The  amount  of  sleep,  cceteris  paribus,  required  by  individuals, 
s  very  greatly  influenced  by  habit ;  and,  contrary  to  what  we  might  an- 
icipate,  we  find  that  the  briefest  sleepers  have  usually  been  men  of  the 
i-;featest  mental  activity.    Thus  Frederick  the  Great  and  John  Hunter 
re  said  to  have  only  required  five  hours'  sleep  out  of  the  twenty-four : 
y  nd  General  Elliott,  celebrated  for  his  defence  of  Gibraltar,  is  recorded  not 

0  have  slept  more  than  four  hours  out  of  the  twenty-four.  It  may  be 
oubted  whether  it  would  be  possible  for  any  one  to  sustain  a  life  of  vigo- 

I  ous  exertion  upon  a  smaller  allowance  than  this  ;  and  the  general  fact  is, 
■that  from  six  to  eight  hours  of  repose,  out  of  every  twenty-four,  are  re- 
g  uired  to  keep  the  system  of  an  adult  in  a  state  of  healthful  activity. 
I  'he  influence  of  habit  may  be  brought  to  bear  on  the  protraction,  as  well 
I  s  on  the  abbreviation,  of  the  usual  period.  Thus  Quin,  the  celebrated 
I  ctor,  could  slumber  for  twenty -four  hours  successively  ;  and  Dr.  Reid, 
i  ie  metaphysician,  could  take  as  much  food,  and  afterwards  as  much  sleep, 
I  i  were  sufficient  for  two  days. — It  is  needless  to  dwell  upon  the  obvious 
j'iCt,  that,  other  things  being  equal,  the  amount  of  sleep  required  by  man 
I ;  proportional  to  the  amount  of  mental  exertion  put-forth  during  the 

1  "airing  hours ;  since  this  is  an  obvious  result  of  what  has  been  laid-down 
h  the  cause  of  the  demand  for  sleep.  It  may  be  remarked,  however, 
I  iat  we  must  not  measure  the  amount  of  sleep  by  its  duration  alone  : 
I  nee  its  intensity  is  a  matter  of  equal  importance.  The  light  slumber 
I  hick-  is  disturbed  by  the  slightest  sounds,  cannot  be  as  renovating  as 
I  ie  profound  sopor  of  those  whom  no  ordinary  noise  will  awake. 

|'  588.  There  are  certain  states  of  the  Encephalic  centres,  in  which 
I  iere  is  an  entire  absence  of  Sleep ;  and  this  may  continue  for  many 
I  iys,  or  even  for  weeks  or  months.  Insomnia  is,  for  instance,  one  Of  the 
I  iaracteri sties  of  acute  Mania,  and  may  also  exist  in  various  forms  of 
I  onomania ;  it  is  usually,  also,  one  of  the  symptoms  of  incipient  me- 
al  inflammation  ;  and  it  may  constitute  a  specific  disease  in  itself. 
I  all  these  cases,  however,  the  preponderance  of  the  destructive  pro- 
I  sses  over  the  constructive  manifests  itself,  sooner  or  later,  in  the 
I  nauation  of  the  mental  and  bodily  powers.  Thus  Mania,  when 
lolonged  or  frequently    recurring,   subsides  into  Dementia;  and, 

u  u 
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if  it  continue  for  any  length  of  time,  is  sure  to   be  followed  by 
a  great  sense  of  wretchedness  and  prostration  frequently  accompanied 
by  continual  restlessness.    Such  effects,  too,  in  a  less  aggravated  degree 
result  from  habitual  deficiency  of  sleep ;  whether  this  be  due  to  emo- 
tional excitement  which  keeps  repose  at  bay,  or  to  a  voluntary  deter- 
mination to  keep  the  intellect  in  activity.    This  is  a  very  common) 
occurrence  among  industrious  students,  who,  with  a  laudable  desire  for 
distinction,  allow  themselves  less  than  the  needed  quantum  of  repose. 
Headache,  tension,  heat,  throbbing,  and  various  other  unpleasant  sensa- 
tions in  the  head,  give  warning  that  the  brain  is  being  overtasked- 1 
and  if  this  warning  be  not  taken,  sleep,  which  it  was  at  first  difficult  tol 
resist,  becomes  even  more  difficult  to  obtain  ;  a  state  of  general  restless-! 
ness  and  feverish  excitement  is  induced ;  and  if,  in  spite  of  this,  thel 
effort  be  continued,  serious  consequences  in  the  form  of  cerebral  in 
flammation,  apoplexy,  paralysis,  fever,  insanity,  or  loss  of  mental  power, 
more  or  less  complete,  are  nearly  certain  to  be  induced.    Some  indi- 
viduals can  siistain  such  an  effort  much  longer  than  others,  but  it  is  a 
great  mistake  to  suppose  that  they  are  not  equally  injured  by  it;  in 
fact,  being  possessed  with  the  belief  that  they  are  not  suffering  from  the 
exertion,  they  frequently  protract  it,  until  a  sudden  and  complete  pros- 
tration gives  a  fearful  demonstration  of  the  cumulative  effects  of  the 
injurious  course  in  which  they  have  been  persevering.    Those,  con- 
sequently, who  are  earlier  forced  to  give  way,  are  frequently  capable  of 
accomplishing  more  in  the  end. — In  regard  to  the  degree  of  protraction 
of  sleep  which  is  consistent  with  a  healthy  state  of  the  system  in  othei 
respects,  it  is  difficult  to  speak  with  certainty.    Of  the  numerous  well-lf 
authenticated  instances  on  record,*  in  which  sleep  has  been  continuously! 
prolonged  for  many  days  or  even  weeks,  it  is  enough  here  to  state  thai 
they  cannot  be  regarded  as  examples  of  natural  sleep ;  the  state  of  suclf  j 
persons  being  more  closely  allied  to  hysteric  coma.    An  unusual  tenj;\ 
dency  to  ordinary  sleep  generally  indicates  a  congested  state  of  thij 
brain,  tending  to  apoplexy  ;  and  it  has  "been  stated  that  apoplexy  haj  .. 
been  actually  induced  by  the  experimental  attempt  to  ascertain  hovj  j 
large  a  proportion  of  the  diurnal  cycle  might  be  spent  in  sleep. — Thusj 
on  either  side,  inattention  to  the  dictates  of  Nature,  in  respect  to  th 
amount  of  sleep  required  for  the  renovation  of  the  system,  becomes  i 
source  of  disease,  and  should  therefore  be  carefully  avoided. 

589.  Dreaming. — We  have  hitherto  spoken  of  Sleep  in  its  most  conil 
plete  or  profound  form ;  that  is,  the  state  of  complete  unconsciousness 
But  with  the  absence  of  consciousness  of  external  things,  there  may  be  J 
state  of  mental  activity  of  which  we  are  more  or  less  distinctly  cognizanl 
at  the  time,  and  of  which  our  subsequent  remembrance  in  the  waknil 
state  varies  greatly  in  completeness.    The  chief  peculiarity  of  this  statj 
of  dreaming  appears  to  be,  that  there  is  an  entire  suspension  of  Volitiomj 
control  over  the  current  of  thought,  which  flows  on  automatically,  soma 
times  in  a  uniform  coherent  order,  but  more  commonly  in  a  strange^ 
incongruous  sequence.    The  former  is  most  likely  to  occur  when 
mind  simply  takes-up  the  train  of  thought  on  which  it  had  been  engag 
during  the  waking- hours,  not  long  previously;  and  it  may  even  happ 
*  Such,  for  example,  as  that  of  Samuel  Chilton  ("  Phil.  Trans.,"  1694),  and  that 
Mary  Lyall  ("Trans,  of  Eoy.  Soc.  of  Edinb.,"  1818). 
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hat,  in  consequence  of  the  freedom  from  distraction  resulting  from  the 
uspension  of  external  influences,  the  Eeasoning  processes  may  thus  be 
u  ried-on  during  sleep  with  unusual  vigour  and  success,  and  the  Imagi- 
ation  may  develope  new  and  harmonious  forms  of  beauty.*    The  more 
eneral  fact  is,  however,  that  there  is  an  entire  want  of  any  ostensible 
,  oherence  between  the  ideas  which  successively  present  themselves  to 
ic  consciousness ;  and  yet  we  are  completely  unaware  of  the  incon- 
ruousness  of  the  combinations  which  are  thus  formed.    It  has  been  well 
i.amarked  that  "  nothing  surprises  us  in  dreams."    All  probabilities  of 
[  time,  place,  and  circumstance'  are  violated ;  the  dead  pass  before  us  as 
alive  and  well;  even  the  sages  of  antiquity  hold  personal  converse 
I  ith  us ;  our  friends  upon  the  antipodes  are  brought  upon  the  scene, 
Ijc  we  ourselves  are  conveyed  thither,  without  the  least  perception  of  the 
i  tervening  distance ;  and  occurrences,  such  as  in  our  waking  state 
l.ould  excite  the  strongest  emotions,  may  be  contemplated  without  the 
I:  ghtest  feeling  of  a  painful  or  pleasurable  nature.  Facts  and  events  long 
I  ice  forgotten  in  the  waking  state,  and  remaining  only  as  latent  impres- 
I;  his,  on  the  Cerebrum,  present  themselves  to  the  mind  of  the  dreamer  ; 

d  many  instances  have  occurred,  in  which  the  subsequent  retention  of 
[  3  knowledge  thus  re-acquired  has  led  to  most  important  results. "j* 
I  it  one  of  the  most  remarkable  of  all  the  peculiarities  in  the  state  of 
,b  earning,  is  the  rapidity  with  which  trains  of  thought  pass  through  the 
tjvind ;  for  a  dream  in  which  a  long  series  of  events  has  seemed  to 
[lour,  and  a  multitude  of  images  has  been  successively  raised-up,  has 
I V  en  often  certainly  known  to  have  occupied  only  a  few  minutes,  or 
•   3n  seconds,  although  whole  years  may  seem  to  the  dreamer  to  have 
.  I  psed.    There  would  not  appear,  in  truth,  to  be  any  limit  to  the 
!  ount  of  thought  which  may  thus  pass  through  the  mind  of  the 
|  •  -amer,  in  an  interval  so  brief  as  to  be  scarcely  capable  of  measure- 
knt;  as  is  obvious  from  the  fact,  that  a  dream  involving  a  long 
il  1:  icession  of  supposed  events,  has  often  distinctly  originated   in  a 
f  I  tnd  which  has  also  awoke  the  sleeper,  so  that  the  whole  must  have 
L  sed  during  the  almost  inappreciable  period  of  transition  between  the 
t  vious  state  of  sleep  and  the  full  waking  consciousness.;);    Hence  it 
I  been  argued  by  some,  that  all  our  dreams  really  take  place  in  the 
j  mentary  passage  between  the  states  of  sleeping  and  waking ;  but 

Thus,  Condorcet  saw  in  his  dreams  the  final  steps  of  a  difficult  calculation  which 
.  puzzled  him  during  the  day ;  and  Condillac  tells  us  that,  when  engaged  in  his 
f  mrs  d'Etude,"  he  frequently  developed  and  finished  a  subject  in  his  dreams,  which 
'  T  I?£en;°ff  before  retiring  to  rest.  Coleridge  relates  of  himself  that  his  fragment 
f  a  Khan''  was  composed  during  sleep,  which  had  come  upon  him  whilst  reading 
t- passage  m  "Purchas's  Pilgrimage,''  on  which  the  poetical  description  was  founded, 

was  wntten-down  immediately  on  awaking,  "  the  images  rising  up  before  him  as 
I  ?s,  with  a  parallel  production  of  the  correspondent  expressions,  without  any  sen- 

•n  or  consciousness  of  effort." 
k  „,  e.arnumber  of  such  cases  in  Dr.  Abercrombie's  "Inquiries  concerning  the  In- 
1  ctual  Powers." 

only  phase  of  the  waking  state,  in  which  any  such  intensely-rapid  succession 
j  §pw  presents  itself,  is  that  which  is  now  well  attested  as  a  frequent  occurrence, 
I  tulrcuj"^tance8.in  which  there  is  imminent  danger  of  death,  especially  by  drown- 
I  b  v'G  .  P^vious  life  of  the  individual  seeming  to  be  presented  instantaneously 
I  as  ifW'nWlt'1  *tS  overy  'mp°rtant  incident  vividly  impressed  on  his  consciousness, 

all  were  combined  in  a  picture,  the  whole  of  which  could  be  taken<in  at  a 
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such  an  idea  is  not  consistent  with  the  fact,  that  the  course  of  a  dream 
may  often  be  traced  by  observing  the  successive  changes  of  expres- 
sion in  the  countenance  of  the  dreamer.    It  seems,  however,  that  those] 
dreams  are  most  distinctly  remembered  in  the  waking  state  which  have] 
passed  through  the  mind  during  the  transitional  phase  just  alluded-to-1 
whilst  those  which  occur  in  a  state  more  allied  to  Somnambulism,  are! 
more  completely  isolated  from  the  ordinary  consciousness. — There  is  a 
phase  of  the  dreaming  state  which  is  worthy  of  notice  as  markka 
another  gradation  between  this  and  the  vigilant  state  ;  that,  namely,  ii: 
which  the  dreamer  has  a  consciousness  that  he  is  dreaming,  bein° 
aware  of  the  unreality  of  the  images  which  present  themselves  before 
his  mind.    He  may  even  make  a  voluntary  and  successful  effort  tc 
prolong  them  if  agreeable,  or  to  dissipate  them  if  unpleasing ;  thus  i 
evincing  the  possession  of  a  certain  degree  of  that  directing  power 
the  entire  want  of  which  is  the  characteristic  of  the  true  state  o  I 
Dreaming. 

590.  But  the  sensibility  to  external  impressions  may  not  be  entirelj 
suspended  in  Dreaming ;  and  it  is  curious  that  even  where  sensation 
are  not  recognized  by  the  mind  of  the  dreamer  as  proceeding  fron 
external  objects,  they  may  affect  the  course  of  its  own  thoughts;  sell 
that  the  character  of  the  dreams  may  be  in  some  degree  predeterminec 
by  such  an  arrangement  of  sensory  impressions  as  is  likely  to  modif; 
them.    This  is  especially  the  case  in  regard  to  the  dreamy  state  induce 
by  certain  narcotics,  such  as  the  Hachisch  (a  preparation  of  Cannabi 
Indica),  employed  for  this  purpose  in  the  East ;  for  the  emotional  conl 
dition  of  the  individual  under  its  influence  is  entirely  under  the  contra! 
of  external  impressions;  so  that  those  who  give  themselves  up  to  thl* 
intoxication  of  the  fantasia,  take  care  to  withdraw  themselves  from  , 
everything  which  could  give  their  delirium  a  tendency  to  melancholi  I 
or  excite  in  them  anything  else  than  feelings  of  pleasurable  enjoyment!  ;k 
Moreover,  there  are  certain  forms  of  ordinary  Dreaming,  in  which  tbi ; 
whole  succession  of  thought  and  feeling  (which  is  made  manifest  by  tlji 
words  occasionally  uttered,  or  by  the  play  of  countenance,  or  by  tl* 
more  active  movements  of  the  dreamer)  may  be  governed  by  extern*  - 
suggestion  ;  as,  for  example,  in  the  well-known  case  of  the  officer  wl»;.' 
amused  his  friends  by  acting  his  dreams  during  the  expedition  1, 
Louisburgh,  the  course  of  these  dreams  being  capable  of  direction  bj 
whispering  into  the  sleeper's  ear,  especially  if  this  was  done  by  J- 
friend  with  whose  voice  he  was  familiar.f    Such  forms  of  Dreanin|>  i 
constitute  a  transition  to  the  state  of  Somnambulism. 

591.  Somnambulism. — The  phenomena  of  Somnambulism  are  sovanoij  ( 
that  it  is  difficult  to  give  any  general  definition  that  shall  include  tj 
whole ;  but  it  is  a  condition  which  is  common  to  all  forms  of  this  staj 
that  the  controlling  power  of  the  Will  over  the  current  of  thought!  < 

*  See  the  Author's  article,  '  Sleep,'  in  the  "  Cyclop,  of  Anat.  and  Pliys-"pvo';  j 
pp.  688-690  ;  and  More.au,  "Du  Hachisch  et  de  l'Alienation  Mentale,  Jwudes  rsjtm 
loeiques,' p.  67.  .      ,    intA]ipC{|  v 

+  This  case  is  detailed  hy  Dr.  Abercrombie  ("Inquiries  concerning ;  the  in™ 
owers,"  5th  ed,  p.  277),  on  tbe  authority  of  Dr.  Gregory,  to  whom  i  was  jeut 


Powers,"  5th  ed.,  p.  277),  on  tbe  authority  of  Dr.  Gregory,  to  wnom  »  »  «  -  wl 
a  gentleman  who  witnessed  it.    A  case  of  a  very  similar  nature,  tne  suujo 
was  a  medical  student  at  Edinburgh,  is  related  in  Smelhe's  "  Philosophy  ot 


History.' 
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Hitireiy  suspended,  and  that  all  the  actions  are  directly  prompted  by  the 
i  deas  which  possess  the  mind ;  and  the  differences  chiefly  arise  out  of  the 
j  node  in  which  the  succession  of  ideas  is  directed,  this  being  in  some 
,  ases  a  coherent  sequence  through  the  whole  of  which  some  one  dominant 

jipression  may  be  traced,  whilst  in  other  instances  it  is  more  or  less 
i  jinpletely  determinable  by  external  suggestions.  These  two  forms  are 
|  bus  parallel  to  the  states  of  spontaneous  Abstraction  and  artificial  Reverie 
;  Electro-Biology)  respectively  ;  but  differ  from  them  both  in  this  essential 
■feature, — that  they  occur  in  a  state  of  consciousness  so  far  distinct  from 
I  he  ordinary  waking  condition,  as  not  to  be  connected  with  it  by  the 
j  rdinary  link  of  Memory ;  and  that  although  the  course  of  thought  in 

>omnambulisni  usually  manifests  the  directing  influence  of  previous 
liabits,  and  the  knowledge  of  persons  and  things  possessed  during  the 
tk/aking  state  may  be  readily  brought  before  the  mind,  yet  nothing  which 
;l  ccurs  during  the  state  of  Somnambulism  is  ever  retraced  spontaneously, 
i|  r  can  be  brought  back  by  an  act  of  recollection.  Impressions  upon  the 
|l  ervous  system,  however,  are  sometimes  left  by  strong  emotional  excite- 
,|ient,  which  give-rise  to  subsequent  feelings  of  discomfort,  of  whose  origin 
1  le  individual  is  entirely  unconscious.* — In  the  first  of  the  phases  just 
r |  ?ferred-to,  a  train  of  reasoning  is  often  carried-out  with  remarkable 

I  earness  and  correctness,  and  its  results  expressed  in  appropriate  lan- 
l-L.aage,  or  otherwise  acted-on.  Thus,  a  mathematician  may  work-out  a 
jK  ifficult  problem,  an  orator  may  make  a  speech  appropriate  to  the  occa- 

I I  on  on  which  he  supposes  himself  to  be  called-up,  or  an  author  may 
•   )mpose  and  commit  to  writing  poetry  or  prose,  upon  the  subject  which 

•cupies  his  thoughts.    But  it  is  a  frequent  defect  of  the  intellectual 

iterations  carried-on  in  this  condition,  that  through  the  complete  absorp- 
|  |  )n  of  the  attention  by  one  set  of  considerations,  no  account  is  taken  of 

b  hers  which  ought  to  modify  the  conclusion  ;  and  this,  although  it  may 
J  *  !  palpably  inconsistent  with  the  teachings  of  ordinary  experience,  is  not 

j  It  to  be  so,  unless  the  latter  should  happen  to  present  themselves  un- 

\  dden  to  the  thoughts. 

I  592.  The  second  of  the  phases  above  mentioned,  which  is  especially 
|  in  in  the  artificial  Somnambulism  induced  by  the  (so-called)  Mesmeric 
j  ocess,  or  by  the  fixed  gaze  at  a  near  object  (as  practised  by  Mr.  Braid 
r.  der  the  name  of  Hypnotism),  is  essentially  the  same  as  that  of  the 
|  wlogical '  condition,  save  in  the  different  relation  which  they  respec- 
I  ely  bear  to  the  waking  state ;  for  there  is  the  same  readiness  to  receive 
,  -v  impressions  through  the  senses  (the  visual  sense,  however,  being 
I  aerally  in  abeyance),  and  the  same  want  of  persistence  in  any  one 
m  of  ideas,  the  direction  of  the  thoughts  being  entirely  determined 
the  suggestions  which  are  introduced  from  without.    In  either  of 
I  Jse  extreme  forms  of  Somnambulism,  and  in  the  numerous  inter- 
fii:tte  phases  which  connect  the  two,  the  consciousness  seems  entirely 
I  en-up  to  tbe  one  impression  which  is  operating  upon  it  at  the 
1 ie ;  so  that  whilst  the  attention  is  exclusively  directed  upon  any 
ect,  whether  actually  perceived  through  the  senses,  or  brought  sug- 
•tively  before  the  mind  by  previous  ideas,  nothing  else  is  felt.  Thus 

a  very  curious  example  of  this  kind,  which  fell  under  the  Author's  own 
j  ™K*n,  narrated  in  the  article  'Sleep'  in  the  "Cyclop,  of  Anat.  and  Phys.," 
[  W.  p.  693.  v 


GG2 


FUNCTIONS  OF  THE  CEREBRO-SPINAL  NERVOUS  SYSTEM. 


there  may  be  complete  insensibility  to  bodily  pain,  the  somnambulist's 
whole  attention  being  given  to  what  is  passing  in  his  mind ;  yet  in  an 
instant,  by  directing  the  attention  to  the  organs  of  sense,  the  anesthesia 
may  be  replaced  by  ordinary  sensibility ;  or,  by  the  fixation  of  the 
attention  on  any  one  class  of  sensations,  these  shall  be  perceived  with 
most  extraordinary  acuteness,  whilst  there  may  be  a  state  of  complete 
insensibility  as  regards  the  rest. — Thus,  the  Author  has  witnessed  a 
case  in  which  such  an  exaltation  of  the  sense  of  Smell  was  manifested, 
that  the  subject  of  it  discovered  without  difficulty  the  owner  of  a  glove 
placed  in  his  hand,  in  an  assembly  of  fifty  or  sixty  persons ;  and  in  the 
same  case,  as  in  many  others,  there  was  a  similar  exaltation  of  the  sense 
of  Temperature.  The  exaltation  of  the  Muscular  Sense,  by  which  various 
actions  that  ordinarily  require  the  guidance  of  vision,  are  directed  inde- 
pendently of  it,  is  a  phenomenon  common  to  the  1  mesmeric'  with  various 
other  forms  of  artificial  as  well  as  of  natural  Somnambulism.  The 
Author  has  repeatedly  seen  Mr.  Braid's  '  hypnotized '  subjects  write  with 
the  most  perfect  regularity,  when  an  opaque  screen  was  interposed 
between  their  eyes  and  the  paper,  the  lines  being  equidistant  and 
parallel ;  and  it  is  not  uncommon  for  the  writer  to  carry  back  his  pen  or 
pencil  to  dot  an  i  or  cross  a  t,  or  make  some  other  correction  in  a  letter 
or  word.    Mr.  B.  had  one  patient  who  would  thus  go  back  and  correc* 
with  accuracy  the  writing  on  a  whole  page  of  note-paper;  but  if  th 
paper  was  moved  from  the  position  it  had  previously  occupied  on  th 
table,  all  the  corrections  were  on  the  wrong  points  of  the  paper 
regarded  the  actual  place  of  the  writing,  though  on  the  right  points  a 
regarded  its  previous  place ;  sometimes,  however,  he  would  take  a  fre 
departure,  by  feeling  for  the  upper  left-hand  corner  of  the  paper,  an 
all  his  corrections  were  then  made  in  their  right  positions,  notwith 
standing  the  displacement  of  the  paper. — So,  again,  when  the  atten 
tion  of  the  somnambulist  is  fixed  upon  a  certain  train  of  thought 
Avhatever  may  be  spoken  in  harmony  with  this  is  heard  and  appreciated 
but  what  has  no  relation  to  it,  or  is  in  discordance  with  it,  is  entire! 
disregarded. 

593.  It  is  among  the  most  curious  of  the  numerous  facts  whic 
Mr.  Braid's  investigations  upon  artificial  Somnambulism  have  brough 
to  light,  that  the  suggestions  derived  from  the  '  muscular  sense '  have 
peculiar  potency  in  determining  the  current  of  thought.    For  if  the  f; 
body,  or  limbs  be  brought  into  an  attitude  that  is  expressive  of  an 
particular  emotion,  or  that  corresponds  with  that  in  which  it  would  b 
placed  for  the  performance  of  any  voluntary  action,  the  corresponds 
mental  state, — that  is,  either  an  Emotional  condition  affecting 
general  direction  of  the  thoughts,  or  the  Idea  of  a  particular  action 
is  called-up  in  respondence  to  it.    Thus,  if  the  hand  be  placed  upo 
the  vertex,  the  Somnambulist  will  frequently,  of  his  own  accord,  dra 
his  body  up  to  its  fullest  height,  and  throw  his  head  slightly  back ;  u 
countenance  then  assumes  an  expression  of  the  most  lofty  pride,  and  1 1 
whole  train  of  thought  is  obviously  under  the  domination  of  this  feeling 
as  is  manifested  by  the  replies  which  the  individual  makes  to  mterr 
gatories,  and  by  the  tone  and  manner  in  which  these  are  delrvere 
Where  the  first  action  does  not  of  itself  call-forth  the  rest,  it  is  sumcie 
to  straighten  the  legs  and  spine,  and  to  throw  the  head  somewhat  bac 
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to  arouse  the  emotion,  with  its  corresponding  manifestation,  in  its  full 
intensity.  If,  during  the  most  complete  domination  of  this  emotion, 
the  head  be  bent  forwards  and  the  body  and  limbs  be  gently  flexed,  the 
most  profound  humility  then  takes  place.  So,  again,  if  the  angles  of 
the  mouth  be  gently  separated  from  one  another,  as  in  laughter,  a  hila- 
rious disposition  is  immediately  generated ;  and  this  may  be  made  to 
give  place  to  moroseness,  by  drawing  the  eyebrows  towards  each  other 
and  downwards  upon  the  nose,  as  in  froAvning.*  So,  again,  if  the  hand 
be  raised  above  the  head,  and  the  fingers  be  flexed  upon  the  palm,  the 
idea  of  climbing,  swinging,  or  pulling  at  a  rope  is  called-up  in  such  as 
have  been  used  to  such  kinds  of  exertion ;  if,  on  the  other  hand,  the 
fingers  be  flexed  when  the  arm  is  hanging-down  at  the  side,  the  idea 
suggested  is  that  of  lifting  a  weight;  and  if  the  same  flexure  be  made 
■when  the  arm  is  advanced  forwards  in  the  position  of  striking  a  blow, 
the  idea  of  fighting  is  at  once  aroused,  and  the  Somnambulist  is  very  apt 
to  put  it  into  immediate  execution-! 


CHAPTEE  XIV. 

OF  THE   ORGANS   OF  THE   SENSES,  AND   THEIR  FUNCTIONS. 
1.  Of  Sensibility  in  General. 

594.  We  have  seen  that  the  conscious  Mind  is  affected  by  impressions 
made  upon  the  corporeal  organism, — or,  in  other  words,  that  Sensation 
is  produced, — through  the  instrumentality  of  a  certain  part  of  the  Ence- 
phalon  termed  the  Sensorium,  which  is  the  general  centre  of  the  nerves 
both  of  '  special  '  and  of  '  common '  sensibility  :  the  former  connect  it 
frith  the  special  Organs  of  Sense,  the  latter  with  the  body  generally,  to 
the  several  parts  of  which  they  are  by  no  means  uniformly  distributed, 
'  some  tissues  being  altogether  destitute  of  them.    Those  parts  of  the  body 
which  are  endowed  with  sensory  fibres,  aud  impressions  on  which,  there- 
fore, give  rise  to  sensation,  are  ordinarily  spoken-of  as  sensible ;  and 
lifferent  -parts  are  said  to  be  sensible  in  different  degrees,  according  to 
'  the  strength  of  the  sensation  produced  by  a  corresponding  impression  on 
' 2acn-    In  accordance  with  the  general  fact  of  the  dependence  of  all 
[  Nervous  action  on  the  continuance  of  the  Circulation  of  the  blood,  it  is 

u  *  t?1^  ^utnx)r  has  not  only  repeatedly  witnessed  all  these  effects,  as  produced  by 
lr.  Braid  upon  '  hypnotized'  subjects,  of  whom  several  had  never  been  previously  in 
flat  condition,  aud  had  no  idea  whatever  of  what  was  expected  ftom  them ;  but  he  has 
'een  assured  by  a  most  intelligent  medical  friend,  who  has  paid  special  attention  to 
I  »e  psychological  part  of  this  inquiry,  that  having  subjected  himself  to  Mr.  Braid's 
"ractice,  and  having  been  only  partially  thrown  into  the  '  hypnotic'  state  (in  fact, 
I  biologized'),  he  distinctly  remembers  everything  that  was  done,  and  can  retrace  the 
I  incontrollable  effect  upon  his  emotional  state,  which  was  produced  by  this  manage- 
I  ne"t  "f  mi>  muscular  apparatus. 

\! "  "n-e  occas'°n  on  which  the  Author  witnessed  this  result,  a  violent  blow  was 
nick,  which  chanced  to  alight  upon  a  second  somnambulist  within  reach  ;  his  c>m- 
i  ^Jiv<;ii(;s3  being  thereby  excited,  the  two  closed,  and  begau  to  belabour  one  another 
I      8UclJ  encrgy,  that  they  were  with  difficulty  separated.    Although  their  passions 
re  at  the  moment  so  strongly  excited,  that  even  when  separated  they  continued  to 
1*.'r  in  nous  denunciations  against  each  other,  yet  a  little  discreet  manipulation  of 
I  eir  mil8cles  soon  calmed  them  and  restored  them  to  perfect  good-humour. 


J 


OF  THE  ORGANS  OF  THE  SENSES,  AND  THEIR  FUNCTIONS. 


found  that  the  sensory  nerves  are  distributed  pretty  much  in  the  same 
proportion  as  the  blood-vessels  :  that  is  to  say,  in  the  non-vascular  tissues, 
— such  as  the  epidermis,  hair,  nails,  cartilage,  and  bony  substance  of  the 
teeth, — no  nerves  exist,  and  there  is  an  entire  absence  of  sensibility ;  and 
in  those  whose  vascularity  is  trifling,  as  in  the  case  with  bones,  tendons, 
ligaments,  fibrous  membranes,  and  other  parts  whose  functions  are  simply 
mechanical,  and  even  with  serous  and  areolar  membranes,  there  are  few 
nerves,  and  the  sensibility  is  dull.    Many  of  these  textures  are  acutely 
sensible,  however,  under  certain  circumstances  ;  thus,  although  tendons 
and  ligaments  may  be  wounded,  burned,  &c,  without  much  consciousness 
of  the  injury  being  aroused,  they  cannot  be  stretched  without  the  produc- 
tion of  considerable  pain ;  and  the  fibrous,  serous,  and  areolar  tissues, 
when  their  vascularity  is  increased  by  inflammation,  also  become  extremely 
susceptible  of  painful  impressions.    All  very  vascular  parts,  however,  do 
not  possess  acute  sensibility ;  the  muscles,  for  instance,  are  furnished  with 
a  large  supply  of  blood,  to  enable  them  to  perform  their  peculiar  function ; 
but  they  are  not  sensible  in  by  any  means  the  same  proportion.    Even  the 
substance  of  the  brain,  and  of  the  nerves  of  special  sensation,  appears  to 
be  destitute  of  this  endowment ;  and  the  same  may  be  said  of  the 
mucous  membranes  lining  the  interior  .of  the  several  viscera,  which,  in 
the  ordinary  condition,  are  much  less  sensible  than  the  membranes  that 
cover  those  viscera,  although  so  plentifully  supplied  with  blood  for  their 
especial  purposes.    The  most  sensible  of  all  parts  of  the  body  is  the 
Skin,  in  which  the  sensory  nerves  spread  themselves  out  into  a  minute 
network ;  and  even  of  this  tissue,  the  sensibility  differs  greatly  in  different 
parts  (§  601). — The  organs  of  Special  Sensation  become,  by  the  peculiar 
character  of  the  nerves  with  which  they  are  supplied,  the  recipients  of  I 
impressions  of  a  particular  kind  :  thus,  the  Eye  is  sensible  to  light,  the 
Ear  to  sound,  &c.  ;  and  whatever  amount  of  ordinary  sensibility  they 
possess,  is  dependent  upon  other  sensory  nerves.    The  eye,  for  example, 
contrary  to  the  usual  notions,  is  a  very  insensible  part  of  the  body, 
unless  affected  with  inflammation ;  for  though  the  mucous  membrane 
which  covers  its  surface,  and  which  is  prolonged  from  the  skin,  is  acutely  I 
sensible  to  tactile  impressions,  the  interior,  with  the  exception  of  the  I 
Iris,  is  by  no  means  so,  as  is  well  known  to  those  who  have  operated  I 
much  on  this  organ.    And  the  common  sensory  nerves  which  supply! 
certain  parts  of  the  body,  are  adapted  to  receive  and  convey  to  the  mind  j 
impressions  of  particular  kinds,  with  much  greater  readiness  than  they  I 
communicate  those  of  a  different  description ;  thus  the  sensibility  to  I 
tickling  is  much  greater  on  some  parts  of  the  surface  than  on  others ;  j 
and  this  kind  of  excitement,  applied  to  the  genitals  or  to  the  nipple,  I 
produces  sensations  of  a  most  peculiar  order.  .  J 

595.  An  active  Capillary  Circulation  being  essential  to  the  sensibility! 
of  every  part  supplied  with  nerves,  any  cause  which  retards  this  deadensi 
the  sensibility,  as  is  well  seen  with  regard  to  Cold;  and,  on  the  other I 
hand,  an  increase  in  its  energy  produces  a  corresponding  increase  in  t  ie 
sensibility,  as  is  peculiarly  evident  in  the  'active  congestion  wJiicil 
usually  precedes  and  accompanies  Inflammation.  A  diminution  or  m-i 
crease  of  sensibility  to  external  impressions  may  arise,  however,  not  on  yj 
from  an  abnormal  state  of  the  circulation  in  the  organ  or  part  itteJi 
but  from  the  similar  conditions  affecting  that  part  of  the  Sensoriuni 
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which  the  impressions  are  received.  Thus  in  those  various  conditions 
of  the  Encephalon,  in  which  either  a  stagnation  of  the  circulation,  or  an 
abnormal  state  of  the  blood  (such  as  that  produced  by  anaesthetic  agents), 
occasions  a  diminished  functional  activity  in  the  Sensorial  centres,  this 
is  marked  by  obtuseness  to  sensory  impressions  ;  on  the  other  hand,  in 
active  congestion  of  the  brain,  the  most  ordinary  external  impressions 
produce  sensations  of  an  unbearable  violence ;  and  in  that  peculiar  con- 
dition of  the  nervous  system  known  under  the  name  of  Hysterical, 
the  patients  often  manifest  the  same  hyperassthesia,  even  when  the  cir- 
culation is  in  a  feeble,  rather  than  in  an  excited  state.*  It  is  remark- 
able that  the  sensibility  of  the  mucous  membranes  lining  the  internal 
organs,  is  less  exalted  by  the  state  of  inflammation,  than  is  that  of  most 
other  parts ;  and  in  this  arrangement  we  may  trace  a  wise  and  bene- 
ficent provision ;  since,  were  it  otherwise,  the  functions  necessary  to  life 
could  not  be  performed  without  extreme  distress,  whenever  a  very 
moderate  amount  of  disorder  might  exist  in  the  viscera.  If  a  joint  is 
inflamed,  we  can  give  it  rest ;  but  to  the  actions  of  the  alimentary 
canal  we  can  give  little  voluntary  respite. 

596.  It  is  through  the  medium  of  Sensation  that  we  acquire  a  knowledge 
of  the  material  Universe  around  us,  by  the  psychical  operations  which 
its  changes  excite  in  ourselves.  The  various  kinds  or  modes  of  Sensation 
suggest  to  us  various  ideas  regarding  the  properties  of  matter ;  and  these 
properties  are  known  to  us,  only  through  the  changes  which  they  produce 
iti  the  several  organs.  It  is  well  known  that  instances  exist,  in  which, 
from  some  imperfection  of  the  organization,  there  is  an  incapacity  for 
.  distinguishing  colours  or  musical  tones,  whilst  there  is  no  want  of  sensi- 
bility to  light  or  sound ;  and  that  some  persons  are  naturally  endowed  with 
a  much  greater  range  of  the  sensory  faculties,  than  that  possessed  by 
Dthers.  Hence  it  does  not  seem  at  all  improbable,  that  there  are  pro- 
perties of  matter  of  which  none  of  our  senses  can  take  immediate  cog- 
lizance ;  and  which  other  beings  might  be  formed  to  perceive,  in  the 
same  manner  as  we  are  sensible  to  light,  sound,  &c.  Thus  many  animals 
ire  affected  by  atmospheric  changes,  in  such  a  manner  that  their  actions 
ire  regarded  by  Man  as  indications  of  the  probable  state  of  the  weather  ; 
md  the  same  is  the  case  in  a  less  degree  with  some  of  our  own  species, 
!  vho  are  peculiarly  susceptible  of  the  like  influences. — Now  the  most 
j  miyersal  of  all  the  qualities  or  properties  of  Matter,  on  which,  in  fact,  our 
|  '°tion  of  it  is  chiefly  founded,  is  its  occupation  of  space,  producing 

more  or  less  complete  resistance  to  displacement ;  and  this  quality  is 
hat  through  which  alone  any  knowledge  of  the  external  world  can  be 
I  btained  by  a  large  proportion  of  the  lower  Animals ;  contact  between 
I  heir  own  surface  and  some  material  body,  being  required  to  produce 
I  ensation.  We  shall  presently  see,  however,  that  the  idea  of  the  shape 
i  f  a  body  which  we  form  from  the  touch,  results  from  a  very  complex 

rocess,  such  as  animals  of  the  lower  grades  can  scarcely  be  supposed  to 
I  xercise.    There  can  be  little  doubt  that,  next  to  the  mere  sense  of 

[  ,  -!|he  influence  of  toxic  agents  introduced  into  the  blood,  in  producing  Antesthesia 
w  Hyperesthesia,  constitutes  a  very  wide  field  of  inquiry,  the  investigation  of  which 

I  is  been  ably  commenced  by  Dr.  Anstie,  in  bis  interesting  work  on  Stimulants  and 
wcoticB  (London,  1864).    It  is  remarkable  that  Lead  and  Alcohol  should  be 

1  vPable  of  inducing  either  of  these  states. 
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resistance,  sensibility  to  temperature  is  the  most  universally  diffused 
through  the  Animal  kingdom ;  and  probably  the  consciousness  of  lumi- 
nosity is  the  next  in  the  extent  of  its  diffusion.*  It  is  probable  that  the 
sense  of  taste  (which  has  a  close  affinity  to  that  of  touch)  exists  very  low 
down  in  the  animal  scale,  being  obviously  of  great  importance  in  the 
selection  of  food ;  but  the  Anatomist  has  no  means  of  ascertaining  where 
this  refinement  exists,  and  where  it  does  not ;  since  the  organs  of  taste 
and  touch  are  very  similar.  The  sense  of  hearing  does  not  seem  to  he 
distinctly  present  among  the  Invertebrate  animals,  except  in  such  as 
approach  most  nearly  to  the  Vertebrata  ;  it  is  not  improbable,  however, 
that  sonorous  vibrations  may  produce  an  effect  upon  the  system  of  those 
animals  which  do  not  receive  them  as  sound.  The  sense  of  smell,  which 
is  concerned  with  one  of  the  least  general  properties  of  matter,  appears  to 
be  the  least-widely  diffused  among  the  whole ;  being  only  possessed  in 
any  high  degree  by  Vertebrated  animals,  and  being  but  feebly  present  in 
a  large  proportion  of  these. 

597.  Besides  the  various  kinds  of  sensibility  which  have  been  just 
enumerated,  there  are  others  which  are  ordinarily  associated  together, 
along  with  the  sense  of  material  resistance  (and  its  several  modi6cations), 
and  the  sense  of  temperature,  under  the  head  of  Common  Sensation ;  but 
several  of  them,  especially  those  which  originate  in  the  body  itself,  can 
scarcely  be  regarded  in  this  light.  Such  are  the  feelings  of  hunger 
and  thirst ;  that  of  nausea ;  that  of  distress  resulting  from  suspended 
aeration  of  the  blood  ;  that  of  '  sinking  at  the  stomach,'  as  it  is  vulgarly 
but  expressively  described,  which  results  from  strong  mental  emotion ;  the 
sexual  sense,  and  perhaps  some  others. — Now  in  regard  to  all  these,  it 
is  impossible  in  the  present  state  of  our  knowledge  to  say,  whether  their 
peculiarity  results  from  the  particular  constitution  of  the  nerves  that 
receive  and  convey  them,  or  only  from  a  modification  of  the  impressing 
causes,  from  the  particular  endowments  of  their  ganglionic  centres,  and 
from  the  mode  in  which  they  operate.  Thus  we  have  no  evidence  Avhether 
the  nervous  fibrils  which  convey  from  the  lungs  the  sense  of  distress 
resulting  from  deficient  aeration,  are  of  the  same  or  of  a  different  cha- 
racter from  those  which  convey  from  the  surface  of  the  air-passages  the 
sense  of  the  contact  of  a  foreign  body.  But  as  we  know  that  all  the 
trunks  along  which  these  peculiar  impressions  travel,  do  minister  to 
ordinary  sensation,  whilst  the  nerves  of  truly  '  special'  sensation  are  not 
sensible  to  tactile  impressions,  it  is  evident  that  the  probability  seems  in 
favour  of  the  identity  of  the  fibres  which  minister  to  these  sensations, 
with  those  of  the  usual  sensory  character.  We  shall  see  that  with 
regard  to  the  sense  of  Temperature,  there  is  strong  evidence  that  its 
peculiarity  depends  on  the  speciality  of  the  apparatus  by  which  impres- 
sions are  received  at  the  peripheral  extremities  of  the  tactile  nerves, 
rather  than  upon  any  peculiarity  in  the  transmitting  fibres. 

*  There  is  good  reason  to  believe,  from  observation  of  their  habits,  that  many 
animals  are  susceptible  of  the  influence,  and  are  directed  by  the  guidance,  ot 
whose  organs  are  not  adapted  to  receive  true  visual  impressions,  or  to  torm  oj 
images ;  and  such  would  seem  to  be  the  function  of  the  red  spots,  f«quen%7£.  t8 
prominent  parts  of  the  lower  Articulata  and  Mollusca,  and  even  of  some  nm    ■  • 
Wherever  these  are  of  sufficient  size  to  allow  their  structure  to  be  examined, ,  n 
found  to  be  largely  supplied  with  nerves,  but  to  be  destitute  of  the  peculiar  org 
tion  which  alone  constitutes  a  true  eye. 
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598.  There  are  certain  external  agencies  which  can  excite  changes  in 
the  Sensoriura  through  several  different  channels ;  the  sensation  being 
in  each  case  characteristic  of  the  particular  nerve  on  which  the  impres- 
sion is  made.  Thus  pressure,  which  produces  through  the  nerves  of 
common  sensation  the  feeling  of  resistance,  is  well  known  to  occasion, 
when  exerted  on  the  eye,  the  sensation  of  light  and  colours ;  and,  when 
made  with  some  violence  on  the  ear,  to  produce  'tinnitus  aurium.'  It 
is  not  so  easy  to  excite  sensations  of  taste  and  smell  by  mechanical  irrita- 
tion; and  yet,  as  was  shown  by  Dr.  Baly,*  this  may  readily  be  accom- 
plished in  regard  to  the  former.  The  sense  of  nausea  may  be  easily 
produced,  as  is  familiarly  known,  by  mechanical  irritation  of  the  fauces. 
Electricity  still  more  completely  possesses  the  power  of  affecting  all  the 
sensory  nerves  with  the  changes  which  are  peculiar  to  them  ;  for,  by 
proper  management,  an  individual  may  be  made  conscious  at  the  same 
time  of  flashes  of  light,  of  distinct  sounds,  of  a  phosphoric  odour,  of  a 
peculiar  taste,  and  of  pricking  sensations,  all  excited  by  the  same  cause, 
the  effects  of  which  are  modified  by  the  respective  peculiarities  of  the 
instruments  through  which  it  operates. — But  although  there  are  some 
stimuli  which  can  produce  sensory  impressions  on  all  the  nerves 
of  sensation,  it  will  be  found  that  those  to  which  any  one  organ  is 
peculiarly  fitted  to  respond,  produce  little  or  no  effect  upon  the  rest. 
Thus  the  ear  cannot  distinguish  the  slightest  difference  between  a  lumi- 
nous and  a  dark  object.  A  tuning-fork,  which,  when  laid  upon  the 
ear  whilst  vibrating,  produces  a  distinct  musical  tone,  excites  no  other 
sensation  when  placed  upon  the  eye,  than  a  slight  jarring  feeling.  The 
most  delicate  touch  cannot  distinguish  a  substance  which  is  sweet  to 
the  taste,  from  one  which  is  bitter ;  nor  can  the  taste  (if  the  commu- 
nication between  the  mouth  and  the  nose  be  cut-off)  perceive  anything 
peculiar  in  the  most  strongly-odoriferous  bodies. — It  may  hence  be 
inferred  that  no  nerve  of  special  sensation  can,  by  any  possibility,  take- 
on  the  function  of  another. 

2.  Sense  of  Touch. 

599.  By  the  sense  of  Touch,  as  commonly  understood,  is  meant  that 
modification  of  the  common  sensibility  of  the  body,  of  which  the  Cuta- 
neous surface  is  the  special  seat.  The  Skin  is  peculiarly  adapted  for 
this  purpose,  not  merely  by  the  large  amount  of  sensory  nervous  fibres 
which  are  distributed  in  its  substance,  but  also  by  its  possession  of  a 
papillary  apparatus  in  which  these  nerves  for  the  most  part  terminate, 
or  rather  commence.  The  papillce  are  little  elevations  of  the  surface 
of  the  cutis,  usually  simply-conical  or  clavate  in  form  (Fig.  178),  but 
•K'metimes  presenting  numerous  summits.  On  the  palmar  surface  of  the 
hand,  they  are  arranged  in  rows ;  and  they  are  there  so  numerous,  that 
'according  to  E.  H.  Weber)  as  many  as  81  compound,  or  from  150  to 
200  simple  papillae,  are  contained  within  the  area  of  a  square  (Paris) 
^ne.  The  papillae  are  also  very  numerous,  though  without  any  definite 
in  angement,  on  the  red  surface  of  the  lips,  on  the  penis  of  the  male,  on 
he  labia  minora  and  clitoris  of  the  female,  and  on  the  nipples  of  both 

hexes;  but  elsewhere  they  are  scattered  more  widely  apart.    Each  sen- 

*  Translation  of  Miillcr's  "Elements  of  Physiology,"  p.  1062,  note. 
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Fig.  178. 


Vertical  Section  of  the  Skin  of  the  palmar  surface  of 
the  fore-iinger  (treated  with  a  solution  of  caustic  soda), 
showing  the  branches  of  cutaneous  nerves,  a,  6,  inoscu- 
lating to  form  a  terminal  plexus,  of  which  the  ultimate 
ramifications  pass  into  the  cutaneous  papillae,  c,  c,  o. 


sory  papilla  receives  one  or  more  nerve-fibres  from  the  plexus  which  is 
formed  by  the  inosculation  of  the  ramifications  of  the  cutaneous  nerves 

(Fig.  178)  ;  and  these  nerve- 
fibres  seem  to  terminate  (at 
least  in  the  papilla  of  the 
palm  of  the  hand  and  of  the 
lips,  and  in  the  simple  papilla 
of  the  tongue)  in  a  peculiar 
1  axile  body,'  which  occupies 
the  principal  part  of  the 
interior  of  the  papilla  (Fig. 
179)     With  regard  to  the 
nature  of  this  body,  there 
has  been  considerable  dis- 
cussion between  Prof.  Wag- 
ner, its  discoverer,  and  Prof. 
.Kolliker  :*   the  former  re- 
garding   it    as   an  organ 
altogether  sui  generis ;  whilst 
the  latter  maintains  that  it 
is  nothing  else  than  a  mass 
of  homogeneous  connective 
tissue  with  an  external  layer 
of  imperfectly-developed  elastic    tissue,  and  that   it  is  essentially 
similar  to  the  bundles  of  fibrous  tissue  encircled  by  elastic  fibres, 
which  are  to  be  found  in  the  substance  of  the  cutis.     This  last 
view  is  in  the  main  supported  by  Mr.  Huxley,  who  regards  the  '  axile 
body'  as  formed  by  the  continuation  and  increased  development  of  the 
neurilemma  of  the  nerve-tubes  which  enter  the  papilla,  and  as  bearing 
a  close  relation  to  the  '  Pacinian  bodies.'t    A  very  simple  form  of  the 
axile  bodies  has  been  described  by  Krause  as  occasionally  occurring  in 
the  conjunctiva,  lips  and  soft  palate,  in  the  tongue,  and  in  the  glans 
penis  and  glans  clitoridis.    Here  the  nerve  forms  a  "  terminal  button  or 
knob,"  consisting  of  a  delicate  sheath  dotted  with  nuclei  and  filled  with 
granular  plasma,  into  which  the  cylinder  axis  of  the  nerve  enters,  ter- 
minating by  a  simple  blunt  extremity.    In  the  Pacinian  bodies,  the 
number  of  which  in  Man  is  estimated  by  Eauber  to  be  21424  a  more 
complex  structure  is  met  with  than  in  either  of  those  just  mentioned, 
the  chief  difference  being  that  instead  of  a  single  sheath,  there  are  many 

*  See  Prof.  Wagner  in  the  Giittingen  "  Gelelirte  Nachrichten"  for  Feb.  1852,  and 
Miiller's  "Archiv,"  1852,  Heft  4;  and  Prof.  Kolliker  in  "Zeitschrift  fur  Wissen- 
scliaftliche  Zoologie,"  June,  1852,  and  in  his  "  Mikroskopische  Anatomie,"  Bd.  n. 
p.  24.  See  also  Dalzell,  in  "  Edinb.  Monthly  Journ,"  March,  1853;  Ecker,  "Icon. 
Physiol.,"  plate  xvii. ;  Leydig,  Miiller's  "  Archiv,"  1856,  p.  50 ;  Gerlach,  "}Pf°: 
skop.  Studien,"  Erlangen,  1858;  Krause,  "Die  Terminal  Korperchen  der  Lmtacti 
Sensibeln  Nerven,"  Hanover,  1860  ;  Huxley,  in  "Cyclop,  of  Anat.  and  Physiology, 
Supplement,  Art.  '  Tegumentary  Organs,'  1859,  p.  503;  Meissner,  "  Beitrage,  plate 
i.  figs.  6  and  8;  Henle,  "  Handbuch  der  Systemat.  Anatomie,"  1862,  Bd.  «;P-  .li}' 
Fick,  "Lehrbuch  der  Anatomie  der  Sinnes  Organe,"  1862,  p.  22;  Tomsa,  Wien. 
Med.  Wochens.,"  1865,  Bd.  xv.  p.  53.  , .  . , 

+  See  his  Memoir  '  On  the  Structure  and  Relation  of  the  Corpuscula  Tactus,  in  iue 
"  Quarterly  Journal  of  Microscopical  Science,"  vol.  ii.  p.  1. 

t  "  Untersuch.  Munchcn,"  1867. 
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investing  capsules ;  a  space  being,  however,  always  left  between  the 
innermost  one  and  the  extremity  of  the  nerve,  in  which  a  fluid  or  semi- 
fluid substance  is  contained.  Rouget,*  who  has  devoted  much  atten- 
tion to  the  point,  describes  the  corpuscula  tactus  and  the  clavate  bodies 
of  Krause,  as  belonging  to  the  same  category,  and  traces  an  analogy 
between  them  and 

the  terminations  of  Fia.  179. 

the  motor  nerves  A  B 

in  muscles;  whilst 
the  Pacinian  cor- 
puscles  are  con- 
structed   upon  a 
completely  diffe- 
rent type.    He  de- 
scribes   the  two 
former  as  composed 
of  the  close  coils 
of  the  cylinder  axis 
of  the  nerve  enter- 
ing at  the  base ; 
whilst  the  core  of 
the  corpuscle  is  in 
each  instance  com- 
posed of  a  mass  of 
nervous  substance 
containing  nuclei, 
formed  by  the  ex- 
|  pansion     of  the 
i  extremity  of  the 

:  fibre.    Dr.  Bealej  appears  to  doubt  the  termination  in  any  instance  of 

•  sensory  nerves  by  free  extremities ;  for  he  has  everywhere  obtained 
demonstrative  evidence  of  a  network,  the 
fibres  being  often  of  extraordinary  tenuity. 

j!  He  believes  that  in  the  papillae  of  the 
Skin,  and  even  in  the  Pacinian  bodies, 
after  becoming  connected  with  nuclei  or 
corpuscles  the  nerve-fibres  turn  or  loop 
back  to  the  cell  from  whence  they  origi- 
nate. That  the  axile  corpuscles  of  Wagner 

I  are  intimately  associated  with  proper  ner- 
vous tissue,  is  clearly  shown  by  the  fatty 
degeneration  they  undergo  on  section  of 

1:  the  nerves  supplying  them.  It  was  main- 
:  tained  by  Wagner,  that  the  papillae  which  contain  the  axile  bodies, 
and  to  which  nerve-fibres  proceed,  contain  no  blood-vessels  save  by 
I  coalescence  with  a  vascular  papilla ;  whilst  the  vascular  papillae  which 
\  contain  capillary  loops  (Fig.  180),  constitute  a  distinct  order,  containing 
I  no  nerve  fibres.    This,  however,  is  denied  by  Prof.  Kolliker;  who 

|  asserts  that  the  corpusculated  papillae  of  the  palm  of  the  hand  often 

*  Brown-SfSquard's  "  Archives  de  Physiologie,"  vol.  i.,  1868,  p.  598. 
t  Beale's  "  Archives  of  Medicine,"  vol.  iii.  p.  236. 


Tactile  Papillae  from  the  Skin  of  the  palmar  surface  of  the  fore- 
finger, showing  the  tactile  corpuscles  or  '  axile  bodies' : — A,  in  the 
natural  state  j  b,  treated  with  acetic  acid. 


Fig.  180. 


Capillary  loops  in  Cutaneous  papillce 
at  margin  of  lips. 
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contain  vessels,  whilst  the  vascular  papilla?  of  the  lip  contain  nerves. 
Mr.  Huxley  states  (loc.  cit.)  that  in  the  human  finger  he  has  met  with 
corpusculated  papilla?  containing  vascular  loops,  though  rarely. — The 
question  must  be  regarded  as  still  open  to  investigation ;  the  undoubted 
association  of  capillary  loops  and  nerve-tubes  in  the  fungiform  papilla?  of 
the  Tongue  (§  608)  rendering  it  improbable  that  there  should  be  a 
complete  dissociation  of  them  in  the  tactile  papilla?  of  the  Skin  ;  whilst, 
on  the  other  hand,  the  presence  of  a  true  (vascular)  papillary  structure 
where  a  thick  epidermis  has  to  be  formed,  as  on  the  sole  of  the  foot 
or  the  matrix  of  the  nail,  seems  to  indicate  that  the  vascular  papilla?  of 
the  palm  of  the  hand  may  probably  be  destined  rather  to  this  office, 
than  to  participate  in  sensibility.  As  the  '  axile'  and  '  Pacinian  bodies' 
are  only  to  be  found  in  the  papilla?  of  those  parts  which  are  dis- 
tinguished for  acuteness  of  tactile  sensibility,  we  cannot  regard  them  as 
essential  to  the  exercise  of  the  sense  of  touch  ;  their  function  probably 
being  to  intensify  tactile  impressions,  where  delicacy  of  touch  is  pecu- 
liarly required.* 

600.  The  relative  sensibility  of  different  parts  of  the  Skin  may  be  in 
some  degree  judged-of  by  the  results  of  the  observations  of  Prof.  E.  H. 
Weber  ;f  whose  mode  of  ascertaining  it  was  to  touch  the  surface  with 
the  legs  of  a  pair  of  compasses,  the  points  of  which  were  guarded  with 
pieces  of  cork,  and  then  (the  eyes  being  closed)  the  legs  were  ap- 
proximated, until  they  were  brought  within  the  smallest  distance  at 
which  they  could  be  felt  to  be  distinct  from  one  another,  Avhich  has 
been  termed  by  Dr.  Graves  '  the  limit  of  confusion.' — The  following  are 
some  of  the  measurements  taken  : — 


Point  of  tongue   4  °f  a  h'ne. 

Palmar  surface  of  third  phalanx  1  line. 

Ked  surface  of  lips  ....  2  lines. 
Palmar  surface  of  second  phalanx  2  „ 

Palmar  surface  of  metacarpus  3  „ 

Tip  of  the  nose   3  „ 

Dorsum  and  edge  of  tongue  .  4  „ 

Part  of  lips  covered  by  skin  .  4  „ 

Palm  of  hand   5  „ 

Skin  of  cheek   5  „ 

Extremity  of  great  toe .    .    .  5  „ 

Hard  palate   6  „ 

Dorsum  of  hand   8  „ 


Mucous  memhrane  of  gums     .  9  lines. 

Lower  part  of  forehead   ...  10 

Lower  part  of  occiput     ...  12 

Back  of  hand   14 

Vertex   15 

Skin  over  patella   16 

 sacrum   18 

 acromion    .    .    .    .  18 

Dorsum  of  foot   18 

Skin  over  sternum     ....  20 

Skin  beneath  occiput .    ...  24 

Skin  over  spine,  in  hack ...  30 

Middle  of  the  thigh   ....  30 


n 


It  is  curious  that  the  distance  between  the  legs  of  the  compasses,  as  well 
as  the  rapidity  of  their  motion  when  they  were  lightly  drawn  over  the 
skin,  seemed  to  be  greater  (although  really  so  much  less),  when  it  was 
felt  by  the  more  sensitive  parts,  than  when  it  was  estimated  by  parts  of 
less  distinct  sensibility.  With  the  extremities  of  the  fingers  and  the  point 
of  the  tongue,  the  distance  could  be  distinguished  most  easily  in  the  lon- 

*  In  proof  of  which,  various  ingenious  experiments  have  been  made  by  Krause  (see 
"  Zeitschrift  fur  Eat.  Med.,''  xvii.  p.  278).  He  explains  their  presence  in  the  mesen- 
tery of  the  Cat  as  connected  with  the  mechanism  and  arrangement  of  the  viscera 
required  for  the  act  of  springing.  n  ,  . 

f  For  similar  experiments  performed  by  Dr.  Ballard,  see  "Lancet,  lob-J,  yoi. .  • 
p.  303.  Dr.  B.  found  that  in  the  hand  the  tip  of  the  index  finger  was  the  most,  t  ie 
dorsal  surface  of  the  base  of  the  fifth  metacarpal  bone  the  least,  sensitive  part;  me 
limit  of  confusion  in  the  former  being  0"35  of  a  line,  in  the  latter  5  lines. 
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gitudinal  direction ;  on  the  dorsum  of  the  tongue,  the  face,  neck,  and 
extremities,  the  distance  could  be  recognized  best  when  the  points  were 
placed  transversely.  As  a  general  fact,  it  seems  that  the  sensibility  of  the 
trunk  is  greater  on  the  median  line,  both  before  and  behind,  and  less  at 
the  sides.  Differences  in  the  temperature  and  weight  of  bodies,  were, 
according  to  Prof.  Weber's  observations,  most  accurately  recognized  at 
the  parts  which  were  determined  to  be  most  sensible  by  the  foregoing 
method  of  inquiry.* — It  has  been  since  found,  however,  by  Prof.  Valentin, 
who  has  followed-up  and  extended  Prof.  Weber's  observations,  that  a 
considerable  amount  of  individual  variation  exists  in  regard  to  the  '  limit 
ef  confusion  ;'  some  persons  being  able  to  distinguish  the  points  at  one- 
half  or  even  one- third  of  the  distances  required  by  others.  Czermakf 
has  drawn  attention  to  many  curious  facts  in  relation  to  the  "  sense  of 
space,"  or  "  locality"  possessed  by  the  skin  ;  and  has  particularly  shown 
that  two  points  maybe  much  more  closely  approximated,  and  yet  distin- 
guished as  two,  if  they  are  applied  one  after  the  other,  than  if  they  are 
applied  together.  The  delicacy  of  the  sense  of  touch  is  diminished  if  the 
skin  be  either  artificially  or  naturally  stretched ;  hence  the  skin  of  the 
belly  is  less  sensitive  during  pregnancy  than  under  ordinary  circum- 
stances, and  this  may  also  in  some  measure  serve  to  explain  the  diminu- 
tion in  sensibility  which  occurs  in  the  passage  from  childhood  to  adult 
age,  though  the  difference  is  no  doubt  partially  due  to  the  increased 
thickness  of  the  epithelium.  The  theory  of  the  sense  of  touch  which  has 
been  suggested  by  Fick,  is  that  each  nerve-fibril  breaks  up  into  a  pencil 
of  fine  filaments  at  the  periphery,  which  are  distributed  over  a  certain 
space,  perhaps  on  the  average  about  l-25th  of  an  inch  in  diameter.  An  im- 
pression made  upon  any  one  of  these  filaments  conveys  the  same  sensa- 
tion to  the  sensorium,  providing  no  other  nerve  be  distributed  to  the  same 
3pace;  but  this  hardly  ever  occurs,  and  hence 
compound  sensations  arise,  by  which  our  per-  Fig.  181. 

:eption  of  the  precise  spot  of  the  skin  touched  by 
i  point  is  accurately  determined.    Thus  if  we 

oppose  the  distribution  of  nerves  to  be  repre- 
sented by  the  circles  a,  b,  c,  (Fig.  181)  single 

ensations  would  be  produced  if  a  point  were 

applied  at  1,  2,  or  3,  but  a  compound  sensation 
j  vould  be  produced  if  contact  were  made  at  4  or 
;  »,  for  the  fibrils  of  two  nerves,  a  and  c,  or  b 
I  nd  c,  would  be  implicated ;  whilst  if  the  im- 

Tession  were  made  at  6,  a  still  more  complex  sensation  would  arise,  for 

hen  the  peripheral  branches  of  these  nerves  would  be  affected  ;  in  all 
j  ^stances  a  difference  in  the  character  of  the  impression  capable  of 
|  scognition  by  the  mind  being  produced.    It  is  obvious  that  the  closer 

*  See  his  Memoir  "  De  Pulsu,  Respiratione,  Auditu,  et  Tactu,"  Lipsise,  1834.  See 
30 '  '  Recherches  sur  la  Nature,  la  Distribution,  et  l'Organe  du  Sens  Tactile,"  by  M. 
. •  kelfield-Lefevre,  Paris,  1837;  and  Prof.  Valentin's  "  Lehrbuch  der  Physiologie  des 
enschen,"  Bd.  ii.  566.— In  the  Author's  article  4  Touch'  in  the  "  Cyclopaedia  of 
natorny  and  Physiology,"  vol.  iv.  p.  1169,  will  be  found  a  Table  including  the  whole 
'tlf  ?  Nervations  made  by  Profrs.  Weber  and  Valentin,  the  maxima  and  minima 
+  < .  a-tter  beinS  Btated,  as  well  as  the  means. 

T  Sitzungaberichte  der  Wiener  Akad.,"  Bd.  xvii.  p.  563,  Bd.  xxiv.  p.  231 :  and 
Moleschott'B  Untersuch.,"  Bd.  i.  p.  188. 
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these  '  sensory  circles'  are,  and  the  more  intimately  the  branches  of 
different  nerves  are  intercalated  with  one  another,  the  greater  will  be 
the  accuracy  of  the  sense  of  locality  of  that  part,  or,  in  other  words 
the  greater  will  be  the  facility  with  which  minute  differences  in  the 
precise  spot  touched  will  be  appreciated. 

601.  As  already  stated  (§  596),  the  only  idea  communicated  to  our 
minds  by  the  sense  of  Touch,  when  exercised  in  its  simplest  form,  is  that 
of  Resistance :  and  it  is  by  the  various  degrees  of  resistance  which  the 
sensory  surface  encounters,  of  which  we  partly  judge  by  the  muscular 
sense  (§  538),  that  we  estimate  the  hardness  or  softness  of  the  body 
against  which  we  press.    It  is  only  when  either  the  sensory  surface  or 
the  substance  touched  is  made  to  change  its  place  in  regard  to  the  other, 
that  we  obtain  the  additional  notion  of  extension  or  space :  this  also 
being  derived  from  the  combination  of  the  muscular  with  the  tactile 
sense.    By  the  impressions  made  upon  the  papilla?,  during  the  movemen 
of  the  tactile  organ  over  the  body  which  is  being  examined,  the  rough- 
ness, smoothness,  or  other  peculiar  characters  of  the  surface  of  the  latte 
are  estimated.    Our  knowledge  of  form,  however,  is  a  very  comple 
process,  requiring  not  merely  the  exercise  of  the  sense  of  touch,  but  als 
great  attention  to  the  muscular  sensations. — It  is  chiefly,  as  formerl 
remarked,  in  the  variety  of  movements  of  which  the  hand  of  Man  i 
capable,  that  it  is  superior  to  that  of  any  other  animal ;  and  it  cannot  b 
doubted  that  the  sense  of  Touch  thus  employed,  affords  us  a  very  im 
portant  means  of  acquiring  information  in  regard  to  the  external  world 
and  especially  of  correcting  many  vague  and  fallacious  notions  which  w 
should  derive  from  the  sense  of  Sight,  if  used  alone.    On  the  other  ban 
it  must  be  confessed  that  our  knowledge  would  have  a  very  limite 
range,  if  this  sense  were  the  only  medium  through  which  we  coul 
acquire  ideas.    It  is  probably  on  the  sensations  communicated  throug 
the  Touch,  that  the  idea  of  the  material  world,  as  something  external 
ourselves,  chiefly  rests  ;  but  this  idea  is  by  no  means  a  logical  deductio 
from  our  experience  of  these  sensations,  being  rather  an  instinctive  o 
intuitive  perception  directly  excited  by  them. 

602.  Various  experimenters*  have  endeavoured  to  determine  th 
accuracy  with  which  the  Skin  can  appreciate  impressions  of  weight 
pressure  when  unassisted  by  the  '  muscular  sense,'  that  is,  when  the  p 
experimented-on  is  well  supported,  as  when  the  hand  is  laid  upon  a  tabl 
Aubert  and  Kammler  found  that  on  the  face  and  dorsal  surface  of 
upper  extremity,  the  pressure  of  a  portion  of  elder-pith,  presenting  a  s 
face  of  nearly  one-third  of  an  inch  square,  and  weighing  only  l-33rd 
a  grain  (2  Mgrm.),  could  be  distinguished  ;  whilst  the  tips  of  the  fiuge 
required  a  weight,  presenting  the  same  superficies,  of  l-3rd  of  a  grain 
more,  and  the  toes  as  much  as  8  grains,  before  any  sensation  of  press 
was  felt.  The  presence  of  the  minute  hairs  on  the  face  was,  however,  fou 
materially  to  influence  its  sensibility,  since  when  these  were  shaved  off 
was  much  diminished. — According  to  Weber,  differences  in  the  amount 
pressure  are  more  accurately  distinguished  if  they  are  applied  successive 
to  the  same  point,  than  if  they  are  estimated  coetaneously.  The  interv 
however,  must  not  be  more  than  a  few  seconds,  unless  the  difference 

*  Auber  and  Kammler,  " Molescbott's  Untersucb.,"  Bd.  v.  p.  145;  Dohrn, 
f.  Rat.  Med.,"  1860. 
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considerable.    Thus  when  4  ounces  and  5  ounces  were  successively 
applied,  an  accurate  judgment  of  the  difference  might  be  made  after  90 
seconds;  but  the  difference  between  14*5  and  15  ounces  could  not  be 
accurately  determined  after  40  seconds.    If  the  bare  sense  of  pressure 
were  assisted  by  the  muscular  sense,  as  in  cases  when  the  hand  was  un- 
supported, much  finer  discrimination  was  always  displayed.    Thus  on 
lifting  a  cloth  in  which  weights  were  concealed,  Weber  found  that  ten 
people  correctly  indicated  that  a  weight  of  80  ounces  was  heavier  than 
one  of  78  ounces.     Both  Weber  and  Fechner*  appear  to  have  satisfac- 
torily shown  that  with  light  weights  smaller  differences  are  perceived 
than  with  heavy  weights.    Thus  supposing  that  ounce  weights  are  dis- 
tinguishable in  the  ratio  of  29  to  30, — i.e.,  that  a  weight  of  29  ounces 
can  be  discriminated  when  attentively  examined  from  one  of  30  ounces, 
a  whole  ounce  requiring  to  be  added  or  subtracted  before  certainty  is 
attained; — when  drachms  are  employed  the  same  ratio  still  subsists, 
so  that  in  this  instance  the  removal  or.  addition  of  one  drachm  to  a 
weight  of  30  drachms  can  be  accurately  appreciated.    Meissner  has 
drawn  attention  to  the  fact,  which  must  be  familiar  to  most  persons,  that 
if  the  hand  or  foot  be  immersed  in  warm  water  or  mercury,  the  only 
sensation  experienced  is  that  of  a  ring  surrounding  the  limb  at  the 
surface  of  the  fluid.    This  effect  is,  as  he  suggests,  probably  due  to  the 
circumstance  that  the  pressure  is  applied  in  such  cases  with  perfect 
uniformity  over  the  part  immersed,  and  therefore  causes  no  disturbance 
of  the  nervous  elements,  the  tactile  sense  being  only  excited  at  the 
fine  where  the  pressure  produced  by  the  fluid  is  exchanged  for  that 
of  the  air. — Valentin^  has  endeavoured  to  ascertain  the  duration  of 
a  momentary  excitation  of  the  sense  of  Touch  by  rolling  a  spiked 
wheel  over  the  skin ;  when  slowly  rotated,  the  contact  of  each  spike  was 
clearly  discerned  ;  but  when  only  l-640th  of  a  second  intervened  between 
the  successive  blows,  they  could  no  longer  be  distinguished. — That 
the  conditions  under  which  certain   of  the  modifications  of  common 
sensation  operate,  are  in  some  respects  different  from  those  of  ordi- 
nary Touch,  is  very  easily  shown.     Thus,  the  feeling  of  tickling  is 
excited  most  readily  in  parts  which  have  but  a  low  tactile  sensibility, 
lamely,  the  armpits,  flanks,  and  soles  of  the  feet ;  whilst  in  the  points  of 
he  fingers,  whose  tactile  sensibility  is  most  acute,  it  cannot  be  excited. 
Moreover,  the  nipple  is  very  moderately  endowed  with  ordinary  sensi- 
!  )mty  >  yet  by  a  particular  kind  of  irritation,  a  very  strong  feeling  may 
I  )e  excited  through  it. — Again,  in  regard  to  Temperature,  it  is  remarked 
>y  Weber  that  the  left  hand  is  more  sensitive  than  the  right ;  although 
I  he  sense  of  touch  is  undoubtedly  the  most  acute  in  the  latter.  He  states 
hat  if  the  two  hands,  previously  of  the  same  temperature,  be  plunged 
••nto  separate  basins  of  warm  water,  that  in  which  the  left  hand  is 
I  mmersed  will  be  felt  as  the  warmer,  even  though  its  temperature  is  some- 
I  vhat  lower  than  that  of  the  other.    In  regard  to  the  sensations  of  heat 
I  nd  cold,  he  points-out  another  curious  fact, — that  a  weaker  impression 
I  aade  on  a  large  surface,  seems  more  powerful  than  a  stronger  impression 
I  iade  on  a  small  surface ;  thus,  if  the  forefinger  of  one  hand  be  immersed 
1 a  water  at  104°,  and  the  whole  of  the  other  hand  be  plunged  in  water  at 

,  *  ''Elemente  dcr  Psychophysik,"  I860. 

Uebcr  the  Dauer  der  Tasteindriicke,'  "  Archiv  f.  Physiol.  Heilk.,"  Bd.  xi.  p.  438. 
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102°,  the  cooler  water  will  be  thought  the  warmer ;  whence  the  well- 
known  fact,  that  water  in  which  a  finger  can  be  held,  will  scald  the  whole 
hand.  Hence  it  also  follows,  that  minute  differences  in  temperature 
which  are  imperceptible  to  a  single  finger,  are  appreciated  by  plunging 
the  whole  hand  into  water ;  in  this  manner  a  difference  of  one-third 
of  a  degree  may  readily  be  detected,  when  the  same  hand  is  placed 
successively  in  two  vessels.  The  judgment  is  more  accurate,  when  the 
temperature  is  not  much  above  or  much  below  the  usual  heat  of  the 
body ;  just  as  sounds  are  best  discriminated,  when  neither  very  acute 
nor  very  grave. 

603.  Some  further  experiments  have  also  been  made  by  Prof. 
Weber,*  to  determine  whether  the  sense  of  Temperature  is  received 
through  any  other  channel  than  the  sensory  apparatus  contained  in  the 
integuments. — The  first  means  of  which  he  availed  himself  for  deciding 
this  question,  was  that  afforded  by  the  results  of  accident  or  surgical 
operations,  in  which  a  portion  of  skin  had  been  left  deficient.  Thus,  in 
three  cases  in  which  a  large  portion  of  the  skin  had  been  destroyed  by 
a  burn,  and  in  which  healing  had  not  advanced  so  far  as  to  renew  the 
organ  of  touch,  it  was  found  that  no  correct  discrimination  could  be  made 
between  two  spatulas,  one  of  them  at  a  temperature  of  from  48°  to  54°, 
the  other  of  from  113°  to  122°,  which  were  brought  into  contact  with  the 
denuded  surface ;  so  that  one  of  these  patients  thrice  affirmed  that  he  was 
being  touched  with  the  cold  body,  when  it  was  warm,  and  the  reverse. 
But  when  the  spatula  Avas  in  one  instance  made  somewhat  warmer,  and 
was  brought  into  contact  with  the  unskinned  surface,  the  patient  felt  not 
heal  but  pain. — Another  means  of  gaining  information  on  this  point,  is 
afforded  by  the  ingestion  or  injection  of  a  large  quantity  of  warm  or  cold 
fluid  into  the  stomach  or  intestinal  canal.  Thus  Professor  Weber  states 
that  after  drinking  a  tumbler  of  water  at  32°,  he  felt  the  cold  water  in  the 
mouth,  in  the  palate,  and  in  the  pharynx,  as  far  as  the  limits  of  the  sense 
of  touch  ;  but  the  gradual  passage  of  the  cold  water  into  the  stomach  could 
not  be  perceived.  There  was,  it  is  true,  a  slight  sensation  of  cold  in  the 
gastric  region  ;  but  as  it  only  occupied  the  situation  of  the  anterior  wall 
of  the  stomach,  it  was  attributable  to  the  abstraction  of  heat  from  the 
abdominal  integuments  in  contact  with  this.  In  an  opposite  experiment, 
that  author  drank  quickly  three  glasses  of  milk,  the  temperature  of  the 
first  of  which  was  158°,  that  of  the  second  145°,  whilst  that  of  the  third 
was  intermediate  between  the  two.  The  sensation  of  heat  could  not  be 
traced  lower-down  than  that  of  the  cold  in  the  previous  experiment.  At 
the  moment  when  the  fluid  entered  the  stomach,  there  was  a  feeling  which 
remained  for  some  time,  but  which  could  not  be  distinguished  as  either 
heat  or  cold.  In  order  to  ascertain  the  sensation  produced  in  the  large  i 
intestine  by  cold  water,  an  injection  of  14  ounces  of  water  the  tempera- 
ture of  65°  was  thrown  up  the  rectum  ;  but  scarcely  any  sensation  of  col 
could  be  perceived  from  it.  When,  however,  the  enema  returned  a  tew 
minutes  afterwards,  a  distinct  feeling  of  cold  was  experienced  at  the  aims. 
When  water  of  so  low  a  temperature  as  45  i°  was  injected,  the  first  teen  b 
excited  was  a  sensation  of  cold  in  the  immediate  neighbourhood  \ 
anus,  and  then  a  feeble  movement  in  the  bowels ;  but  a  little  time 
wards,  there  was  a  faint  sensation  of  cold,  especially  in  the  anterio 
*  "  Midler' a  Archiv,"  1849,  Hoft  iv.  s.  273  283. 
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Df  the  abdomen.    This  sensation,  however,  remained  after  the  return  of 
-,he  water  ;  and  may  hence  be  attributed  to  the  abstraction  of  warmth 
from  the  abdominal  integuments,  which  was  proved  to  have  taken  place, 
,he  temperature  of  the  surface  being  lowered  3°.    So,  again,  if  the  cavity- 
it*  the  nose  be  filled  with  cold  water,  the  coldness  is  only  perceived  in  the 
xirts  of  the  cavity  which  are  most  endowed  with  the  proper  tactile  sense, 
jamely,  the  neighbourhood  of  the  nostrils  and  of  the  pharynx ;  and  it  is 
lot  at  all  discernible  in  the  higher  part  of  the  cavity,  which  is  especially 
ubservient  to  the  olfactory  sense.    But  Avh'en  the  water  injected  is  very 
:old  {e.g.  41°),  a  peculiar  pain  is  felt  in  the  upper  part  of  the  nasal  fossas, 
standing  to  the  regions  of  the  forehead  and  the  lachrymal  canals ;  this 
lain,  however,  is  altogether  different  from  the  sense  of  coldness.  In 
fothnagel's*  extensive  series  of  experiments  it  was  found  that  slight 
lifferences  of  temperature  are  most  acutely  recognized  between  80° 
nd  91°  Fahr.    The  eyelids,  cheeks,  and  temples  can  distinguish  varia- 
ions  amounting  to  not  more  than  from  0*4°  to  0*2°  C.    The  hand  and 
nger  are  about  equally  sensitive,  but  are  less  so  than  the  forearm,  and 
bis  again  is  exceeded  by  the  upper  arm,  which  can  distinguish  a 
ifference  of  0*2°  C,  and  the  same  holds  good  of  the  foot,  leg,  and 
.high. 

601.  From  the  foregoing  experiments  it  appears  fair  to  conclude,  that 

le  sensory  nerves  have  no  power  of  receiving  impressions  indicative  of 

ifference  of  Temperature,  unless  those  impressions  are  communicated 

irough  a  special  organ  ;  but  they  afford  no  adequate  ground  for  the  sup- 

osition,  that  a  set  of  nerve-fibres  is  provided  for  their  transmission  dis- 

nct  from  those  which  minister  to  common  sensation.    This  conclusion 

i  confirmed  by  the  fact,  that  we  cannot  excite  impressions  of  heat  or  cold 

y  direct  application  to  the  trunks  of  nerves  which  we  know  must  con- 

uct  such  impressions  :  for  the  parts  of  the  skin,  immediately  beneath 

hich  lie  large  nerve-trunks,  are  not  more  sensitive  to  moderate  heat  or 

old  than  are  any  others ;  whilst  a  greater  degree  of  either  is  felt  as  pain, 

lot  as  a  change  of  temperature.    Thus,  a  mixture  of  ice  and  water 

1  pplied  over  the  ulnar  nerve,  affects  it  in  fifteen  seconds,  and  produces 

svete  pain,  having  no  resemblance  to  cold,  and  such  as  cannot  be  excited 

I  y  the  same  degree  of  cold  applied  to  any  other  region.    So  the  nerve  of 

I  *e  tooth-pulp  is  equally  and  similarly  affected  by  water  of  43°  and  of 

12°;  either  application  causing  a  pain  exactly  similar  to  that  excited  by 

\  ie  other,  or  to  that  produced  by  pressure.  The  same  is  true  of  the  im- 

1  ressions  received  through  the  skin  itself,  when  they  pass  beyond  certain 

1  mits  of  intensity  ;  thus,  the  sensation  produced  by  touching  frozen 

lercury  is  said  to  be  not  distinguishable  from  that  which  results  from 

j  ouching  a  red-hot  iron.    Wunderlif  and  Fick,  moreover,  found  that 

1 3Dsations  of  heat  even  in  the  most  sensitive  parts  of  the  body  were  some- 

f  mes  mistaken  for  those  of  contact.    Thus  in  the  case  of  the  hand,  an 

I  rroneous  conclusion  was  arrived  at  six  times  out  of  105  trials,  and  on 

I  ie  back  twelve  times  in  30  experiments.^: 

*  "  Deutsch.  Archiv  f.  Klin.  Med.,"  Bd.  ii.  p.  284. 
t  Henle  and  Meissner's  "Bericht,"  1859,  p.  632. 

+  ror  observations  tending  to  show  that  the  sensations  of  touch  are  conveyed  by 
I  ?*nn^8  distinct  from  those  which  conduct  painful  impressions,  see  Sieveking,  "  Med.- 
hir.  Rev.,"  1858,  p.  280 ;  Spring,  "  Presse  Medicale,"  1864,  No.  xxxiv.;  Brown- 
equard,  m  his  "Archives  de  Physiologic,"  1868,  vol.  i.  p.  610. 
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605.  The  improvement  in  the  sense  of  Touch,  in  those  persons  whose 
dependence  upon  it  is  increased  by  the  loss  of  other  senses,  is  well  known  ■ 
and  the  remarkable  circumstancenoticed  by  Volkmann,*that  the  increase 
sensitiveness  which  results  from  frequent  experiments  made  upon  one  sid 
of  the  body  is  experienced  also  in  the  nerve-fibres  distributed  to  the  oppo 
site  and  exactly  symmetrical  parts,  seems  to  show  that  the  improve 
delicacy  of  the  sense  is  to  be  in  part  attributed  (as  already  remarked)  t 
the  increased  attention  which  is  given  to  the  sensations,  and  in  part,  i 
may  be  surmised,  to  an  increased  development  of  the  tactile  organ 
themselves,  resulting  from  the  frequent  use  of  them.  The  process  of  th 
acquirement  of  the  power  of  recognizing  elevated  characters  by  the  touch 
is  a  remarkable  example  of  this  improveability.    When  a  blind  perso 
first  commences  learning  to  read  in  this  manner,  it  is  necessary  to  use 
large  type  ;  and  every  individual  letter  must  be  felt  for  some  time,  befor 
a  distinct  idea  of  its  form  is  acquired.    After  a  short  period  of  diligen 
application,  the  individual  becomes  able  to  recognize  the  combination  o 
letters  in  words,  without  forming  a  separate  conception  of  each  letter 
and  can  read  line  after  line,  by  passing  the  finger  over  each,  with  con 
siderable  rapidity.    When  this  power  is  once  thoroughly  acquired,  th 
size  of  the  type  may  be  gradually  diminished ;  and  thus  blind  person 
may  bring  themselves,  by  sufficient  practice,  to  read  a  type  not  muc1 
larger  than  that  of  an  ordinary  large-print  Bible.  The  case  of  Saunder 
son,  who,  although  he  lost  his  sight  at  two  years  old,  became  Professor  o 
Mathematics  at  Cambridge,  is  well  known  ;  amongst  his  most  remarkabl 
faculties,  was  that  of  distinguishing  genuine  medals  from  imitations 
which  he  could  do  more  accurately  than  many  connoisseurs  in  full  po~ 
session  of  their  senses.    Several  instances  are  recorded,  of  men  wh 
became  eminent  as  Sculptors  after  the  loss  of  their  sight,  and  who  wer 
particularly  successful  in  modelling  portrait-busts ;  here,  it  is  obvious 
not  merely  the  tactile  but  the  muscular  sensibility  must  be  greatly  aug 
mented  in  acuteness  by  the  habit  of  attending  to  it.    The  power  of  im 
mediate  recognition  of  individuals  by  the  slightest  contact  of  the  hands 
even  after  long  periods  of  time,  which  most  blind  and  deaf  persons  hav 
displayed,  is  one  of  the  most  curious  examples  of  the  mode  in  whic 
tactual  perceptions  will  impress  themselves  on  the  memory,  when  the 
are  habitually  attended-to.  As  an  example  of  the  correct  notions  whi 
may  be  conveyed  to  the  mind,  of  the  forms  and  surfaces  of  a  great  vane 
of  objects,  and  of  the  sufficiency  of  these  notions  for  accurate  conipariso 
the  Author  may  mention  the  case  of  a  blind  friend  of  his  own,  who  h 
acquired  a  very  complete  knowledge  of  Conchology,  both  recent  and  fossil 
and  who  is  not  only  able  to  recognize  every  one  of  the  numerous  speci 
mens  in  his  own  cabinet,  but  to  mention  the  nearest  alliances  of  a  sh 
previously  unknown  to  him,  when  he  has  thoroughly  examined  it  by  h 
touch.    Many  similar  instances  might  be  cited,  one  of  the  most  remark 
able  being  that  of  John  Gough,  who,  though  blind,  was  a  noted  botanic- 
collector,  and  earned  his  livelihood  as  a  land-surveyor.  Several  cases  ar 
on  record,f  of  the  acquirement,  by  the  blind,  of  the  power  of  c 

*  Volkmann,  '  Uber  der  Einfluss  der  Ubung  auf  das  Erkennen  Kaiimliclier  P 
tanzen,'  "  Bericht  der  Sachs.  Gesell.,"  1858.  ...... 

+  Among  the  best-authenticated  of  these,  is  that  of  a  lady  who  became  blind,  an 
afterwards  deaf,  in  consequence  of  an  attack  of  confluent  small-pox ;  cited  in 
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languishing  the  colours  of  surfaces  which  were  similar  in  other  respects ; 
I  and,  however  wonderful  this  may  seem,  it  is  by  no  means  incredible.  For 
[  it  is  to  be  remembered,  that  the  difference  of  colour  depends  upon  the 
|  position  and  arrangement  of  the  particles  composing  the  surface,  which 
i  render  it  capable  of  reflecting  one  ray  whilst  it  absorbs  all  the  rest ;  and 
rt  is  quite  consistent  with  what  we  know  from  other  sources,  to  believe 
that  the  sense  of  Touch  may  become  so  refined,  as  to  communicate  a 
\  perception  of  such  differences.* 

3.  Sense  of  Taste. 

606.  The  sense  of  Taste  is  that  by  which  we  distinguish  the  sapid 
I  properties  of  bodies.     The  term,  as  commonly  understood,  includes 
[i  aiuch  more  than  this;  being  usually  employed  to  designate  the  whole  of 
I  :hat  knowledge  of  the  qualities  of  a  body  (except  such  as  is  purely 

I  fictile),  which  we  derive  through  the  sensory  apparatus  situated  within 
llc;he  mouth.    But  it  will  be  hereafter  shown  that  a  considerable  part  of 

his  is  dependent  upon  the  assistance  of  the  olfactive  sense  (§  610); 
i  which  is  affected,  through  the  posterior  nares,  by  the  odorous  emana- 

ions  of  all  such  bodies  as  are  capable  of  giving  them  off ;  and  the  indi- 
!  :ations  of  which  are  so  combined  with  those  of  the  true  gustative  sense, 
1  is  to  make  an  apparently  single  impression  upon  the  Sensorium. 

I I  \loreover,  there  are  certain  sensorial  impressions  received  through  the 
ILtfgan  of  taste,  which  are  so  nearly  allied  in  their  character  to  those  of 

I  ouch,as  to  render  it  difficultto  specify  any  fundamental  difference  between 
t  hem ;  such  are  the  pungent  sensations  produced  by  mustard,  pepper, 

H  he  essential  oils,  &c. ;  all  of  which  substances,  when  applied  for  a  suffi- 
i  I  lent  length  of  time  to  any  part  of  the  cutaneous  surface,  produce  a  sen- 
|  ation  which  can  scarcely  be  distinguished  from  that  excited  through 
he  organ  of  taste,  in  any  other  way  than  by  its  inferior  intensity,  and 
y  the  absence  of  the  concurrent  odorous  emanations.    The  taste  of 
uch  substances  might  therefore,  perhaps,  be  considered  as  the  compo- 
l  '-te  result  of  the  impressions  made  upon  the  sensorium  through  a  re- 

I I  ned  and  acute  touch,  and  by  the  effect  of  their  odorous  emanations 
j  pon  the  organ  of  smell.  After  making  full  allowance,  however,  for  all 
I  -ich  as  can  be  thus  accounted  for,  there  remains  a  large  class  of  pure 
I  ipors,  of  which  we  take  cognizance  without  the  assistance  of  smell,  and 

hich  are  altogether  dissimilar  to  any  tactile  impressions  ;  such  are  the 
I  titer  of  quinine,  the  sour  of  tartaric  acid,  the  sweet  of  sugar,  the  saline 
r  ^  common  salt,  &c.    The  smell  can  give  us  no  assistance  in  dis- 

nguishing  small  particles  of  these  bodies,  since  they  are  either  entirely 
j  'odorous,  or  so  nearly  as  only  to  be  recognizable  through  its  means 
t  hen  in  large  masses ;  and  the  most  refined  touch  cannot  afford  any 

'dication  of  that  kind  of  difference  among  them,  of  which  we  are  at  once 
I  mdered  cognizant  by  taste. — Of  all  the  '  special'  senses,  however,  that 
Taste  is  most  nearly  allied  to  that  of  touch,  as  appears  from  several 
I  'nsiderations.    In  the  first  place,  the  actual  contact  of  the  object  of 

S'  "  Lo?t  Senses,"  vol.  ii.  p.  79,  from  the  "  Annual  Register"  for  1758.— Dr. 
|  °.8  treatise  may  be  refcrred-to,  as  containing  a  large  collection  of  interesting  cases 
|  *  sjranar  description. 

I  ticl  \'vmQ  adtlit'onal  details  in  regard  to  the  sense  of  Touch,  see  the  Author's 
I   C|e   louch'  in  the  '•  Cyclopaedia  of  Anatomy  and  Physiology,"  vol.  iv. 
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sense  with  the  organ  through  which  the  impression  is  received,  is  neces- 
sary in  the  present  case,  as  in  the  preceding.  Again,  it  appears  from 
the  considerations  formerly  adduced  (§  494),  that  there  is  no  special 
nerve  of  Taste ;  for  the  gustative  impressions  upon  the  front  of  the 
tongue  are  conveyed  by  the  Lingual  branch  of  the  Fifth  pair,  and  the 
Chorda  tympani,  whilst  those  made  upon  the  back  of  the  organ  are  con- 
veyed by  the  Glosso-pharyngeal,  both  of  which  nerves  also  minister  to 
common  sensibility ;  and  pressure  on  the  trunk  of  either  of  these 
nerves  gives-rise  to  pain,  which  is  not  the  case  with  either  the  olfactory,  the 
optic,  or  the  auditory  nerves.  Moreover,  the  papillary  apparatus,  through 
which  the  gustative  impressions  are  made  upon  the  extremities  of  these 
nerves,  is  essentially  the  same  in  structure  with  that  of  the  skin.* 

607.  For  the  Gustative  nerve-fibres  to  be  impressed  by  the  distinctive 
properties  of  sapid  substances,  it  appears  requisite  that  these  substances 
should  be  brought  into  immediate  relation  with  them,  and  that  they 
should  penetrate,  in  the  state  of  solution,  through  the  investments  of 
the  papillas,  into  their  substance.  This  would  seem  to  be  proved  by 
the  two  following  facts :  first,  that  every  substance,  whether  solid,  fluid, 
or  gaseous,  which  possesses  a  distinct  taste,  is  more  or  less  soluble  in  the 
fluids  of  the  mouth,  whilst  substances  which  are  perfectly  insoluble  do 
not  make  their  presence  known  in  any  other  way  than  through  the  sense 
of  touch  ;  and,  second,  that  if  the  most  sapid  substance  be  applied  in  a 
dry  state  to  the  papillary  surface,  and  this  be  also  dry,  no  sensation  of 
taste  is  excited.  Hence  it  may  be  inferred  that  in  the  reception  of  gus- 
tative impressions,  a  change  is  produced  in  the  molecular  condition  of 
the  nerve-fibres,  or,  to  use  the  language  of  Messrs.  Todd  and  Bowman, 
their  polarity  is  excited  by  the  direct  agency  of  the  sapid  matter  itself. 
This  change  may  be  induced,  however,  both  by  electrical  and  by 
mechanical  stimulation.  If  we  make  the  tongue  form  part  of  a  galvanic 
circuit,  a  peculiar  sensation  is  excited,  which  is  certainly  allied  rather 
to  the  gustative  than  to  the  tactile,  and  which  does  not  seem  to  be  due 
(as  was  at  one  time  supposed)  to  the  decomposition  of  the  salts  of  the 
saliva.  And,  as  Dr.  Baly  has  pointed-out,  J  "  if  the  end  of  the  finger 
be  made  to  strike  quickly,  but  lightly,  the  surface  of  the  tongue  at  its 
tip,  or  its  edge  near  the  tip,  so  as  to  affect  not  the  substance  of  the 
organ,  but  merely  the  papilla?,  a  taste  sometimes  acid,  sometimes  saline, 
like  the  taste  produced  by  electricity,  will  be  distinctly  perceived.  The 
sensation  of  taste  thus  induced  will  sometimes  continue  several  seconds 

*  For  some  pathological  cases  hearing  upon  the  question  of  the  implication  of  the 
chorda  tympani  in  the  sense  of  taste,  see  Inzani  and  Lussana,  in  the  "  Annan  Lni- 
versali  di  Med.,"  1862,  pp.  282-322  ;  Stich,  in  Henle  and  Meissner's  "?encnt, 
1857,  p.  588  ;  whilst  for  experimental  evidence  to  the  same  effect,  see  Schiff,  vn- 
tersuch.  zur  Eaturlehre,"  Bd.  x.  p.  406,  and  E.  Neumann,  "  Konigsberger  Medic 
Jahrb.,"  Bd.  iv.  p.  1.  Tbe  two  former  observers  believe  the  chorda  tympani  to  betue 
true  nerve  of  taste  for  the  anterior  part  of  tbe  tongue,  by  which  sweet,  saline,  Pjl""1^' 
and  aromatic  flavours  r~  M~**  1  °™*<>  oatrinffents,  bi 


are  distinguished,  whilst  the  mineral  acids,  astringents,  Diueu, 
u,  and  disgusting  flavours  are  chiefly  perceived  through  the  g ,  os 
pharyngeal.    Schiff  thinks  the  glosso-pharyngeal  nerves  are  especially  " 
perceive  bitter,  and  the  Fifth  nerves  acid  tastes.     Moos  "  Centralblatt,   18  b/,  -  «•  ; 
records  a  case  where  modifications  of  the  sense  of  taste  in  the  fore  part  ot  tne     b  ^ 
resulted  from  pressure  on  the  chorda  tympani,  occasioned  by  the  use  ot 
Toynbee's  artificial  tympana.    ("Physiologie,"  1859,  p.  403.) 
t  Translation  of  "  Muller's  Physiologie,"  p.  1062,  note. 
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after  the  application  of  the  mechanical  stimulus."  On  the  other  hand, 
as  Wagner  has  truly  remarked,  if  the  surface  of  the  tongue  near  the 
root  be  touched  with  a  clean  dry  glass  rod,  or  a  drop  of  distilled  water 
be  placed  upon  it,  a  slightly  bitterish  sensation  is  produced  ;  and  this, 
if  the  pressure  be  continued,  passes  into  that  of  nausea,  and  if  the  pres- 
sure be  increased,  even  excites  vomiting.  The  feeling  of  nausea  may 
be  excited  by  mechanical  irritation  of  any  part  of  the  surface  of  the 
fauces  or  soft  palate  ;  and  this  feeling  is  certainly  much  more  allied  to 
that  of  taste  than  to  that  of  touch.  Further,  it  has  been  observed  by 
Henle,  that  if  a  small  current  of  air  be  directed  upon  the  tongue,  it 
gives  rise  to  a  cool  saline  taste  like  that  of  saltpetre.  Thus  we  find  that 
the  peculiar  effects  of  sapid  substances  upon  the  nerves  of  taste  may  be 
imitated  to  a  certain  extent  by  other  agencies ;  and  it  also  appears  that 
the  sensations  excited  by  these,  vary  according  to  the  part  of  the  gus- 
tative  surface  on  which  they  operate  ;  mechanical  or  electrical  stimulation 
of  the  front  of  the  tongue  giving  rise  to  a  kind  of  saline  taste,  whilst  mecha- 
nical stimulation  applied  to  the  back  of  the  tongue  and  fauces  excites  the 
feelings  of  bitterness  and  nausea. — One  of  the  conditions  requisite  for  the 
due  exercise  of  the  gustative  sense,  is  a  temperature  not  departing  far  on 
either  side  from  that  which  is  natural  to  the  body.  It  appears  from 
the  experiments  of  Prof.  B.  H.  Weber,*  that  if  the  tongue  be  kept 
immersed  for  nearly  a  minute  in  water  of  about  125°,  the  taste  of  sugar 
brought  in  contact  with  it,  either  in  powder  or  solution,  is  no  longer 
perceived ;  the  sense  of  touch,  usually  so  delicate  at  the  tip  of  the 
tongue,  being  also  rendered  imperfect.  A  similar  imperfection  of  taste 
and  touch  was  produced  by  immersing  the  tongue  for  the  same  length  of 
time  in  a  mixture  of  water  and  broken  ice. 

G08.  The  surface  of  the  Tongue  is  undoubtedly  the  special  seat  of 
gustative  sensibility  in  Man ;  though  the  sense  of  Taste  is  not  by  any 
means  restricted  to  that  organ,  being  diffused  in  a  less  degree  over  the 
soft  palate,  the  arches  of  the  palate,  and  the  fauces.    It  is  on  the 
tongue  alone,  however,  that  the  papillary  apparatus  is  fully  developed  ; 
and  its  structure  has  been  so  carefully  examined  and  described  by 
Messrs.  Todd  and  Bowman,-!"  that  little  remains  to  be  added  to  their 
account  of  it. — The  lingual  papillae  may  be  divided,  in  the  first  place, 
into  the  Simple  and  the  Compound,  the  for- 
mer of  which  had  previously  escaped  obser- 
vation, through  not  forming  any  apparent 
projection.    The  Simple  papilla?  are  scattered 
'  m  the  intervals  of  the  compound,  over  the 
general  surface  of  the  tongue;    and  they 
►  occupy  much  of  the  surface  behind  the  cir- 
cumvallate   variety,  where    no  compound 
i  papillae  exist.    They  are  completely  buried 
I  and  concealed  beneath  the  continuous  sheet  of    capillary  plexus  of fungiform 
|  epithelium,  and  can  only  be  detected  when  this        PaPilla  of  the  Tongue- 
|  membrane  has  been  removed  by  maceration  ;  they  are  then  found  to  have 
the  general  characters  of  the  cutaneous  papillae.    The  Compound  papillae 
I  are  visible  to  the  naked  eye  ;  and  have  been  classified,  according  to  their 

*  "  Muller's  Archiv,"  1847,  8.  342. 
t  "  Physiological  Anatomy  and  Physiology  of  Man,"  vol.  i.  chap.  xv. 
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shape,  into  the  circvmvallate,  the  fungiform,  and  the  filiform.    The  cir- 
cumvallate  or  calyciform  papilla;  are  eight  or  ten  in  number,  and  are  situ- 
ated in  a  V-shaped  line  at  the  base  of  the  tongue.  Each  consists  of  a  central 
flattened  circular  projection  of  the  mucous  membrane,  surrounded  by  a 
tumid  ring  of  about  the  same  elevation,  from  which  it  is  separated  by  a 
narrow  circular  fissure.    The  surface  of  both  centre  and  border  is 
smooth,  and  is  invested  by  scaly  epithelium,  which  conceals  a  multitude 
of  simple  papilla?.    The  fungiform  papillae,  varying  in  number  from  160 
to  290,*  are  scattered  singly  over  the  tongue,  chiefly  upon  its  sides  and 
tip.    They  project  considerably  from  the  surface,  and  are  usually  nar- 
rower at  their  base  than  at  their  summit.    They  contain  a  complex 
capillary  plexus  (Fig.  182),  the  terminal  loops  of  which  enter  the  nume- 
rous simple  papillae  that  clothe  the  surface  of  the  fungiform  body. 
Amidst  these  lie  nerve-tubes,  which  probably  have  a  looped  arrange- 
ment ;  and  the  epithelium  which  covers  them  is  so  thin,  as  to  allow  the 
red  colour  of  the  blood  to  be  seen  through  it.    In  this  manner  they  are 
readily  distinguished  from  the  filiform  papillae,  among  which  they  he. 
The  filiform  papilla?,  like  the  preceding,  contain  a  plexus  of  capillaries 
and  a  bundle  of  nerve-fibres,  both  terminating  in  loops,  which  enter  the 
simple  papilla?  that  clothe  the  surface  of  the  compound  body ;  but 
instead  of  being  covered  with  a  thin  scaly  epithelium,  they  are  fur- 
nished with  bundles  of  long  pointed  processes,  some  of  which  approach 
hairs  in  their  stiffness  and  structure.    These  are  immersed  in  the  mucus 
of  the  mouth,  and  may  be  moved  in  any  direction,  though  they  are 
generally  inclined  backwards. — The  simple  papilla?  which  occur  in  an 
isolated  manner,  may  not  improbably  be  tactile ;  whilst  those  which  are 
aggregated   in   the   circumvallate   and   fungiform  bodies,  doubtless 
minister  to  the  sense  of  Taste,  this  being  most  acute  in  the  situations 
wherein  they  most  abound.    With  regard,  however,  to  the  office  of  the 
filiform  papilla?,  there  seems  much  reason  to  coincide  in  the  opinion  of 
Messrs.  Todd  and  Bowman  : — "  The  comparative  thickness  of  their  pro- 
tective covering,  the  stiffness  and  brush-like  arrangement  of  their  fila- 
mentary productions,  their  greater  development  in  that  portion  of  the 
dorsum  of  the  tongue  which  is  chiefly  employed  in  the  movements  of 
mastication,  all  evince  the  subservience  of  these  papilla?  to  the  latter 
function,  rather  than  to  that  of  taste  ;  and  it  is  evident  that  their  isola- 
tion and  partial  mobility  on  one  another,  must  render  the  delicate  touch 
with  which  they  are  endowed  more  available  in  directing  the  muscular 
actions  of  the  organ.    The  almost  manual  dexterity  of  the  organ,  in 
dealing  with  minute  particles  of  food,  is  probably  provided-for,  as  far  as 
sensibility  conduces  to  it,  in  the  structure  and  arrangement  of  these 
papilla?.      It  may  be  added,  that  the  filiform  papilla?  of  Man  seem  to  be 
the  rudimentary  forms  of  those  horny  epithelial  processes  which  acquire 
so  great  a  development  in  the  tongues  of  the  Carnivora,  and  which  are 
of  such  importance  in  the  abrasion  of  their  food.    Some  observers,  as 
Billroth,!  Stilling,  and  Beale,}  think  that  in  the  frog  the  nerves  of  taste, 
especially  in  the  fungiform  papilla?,  terminate  in  pencils  of  extreme  y 
fine  fibrils,  which  join  the  delicate-pointed  extremities  of  the  conical 

*  Szabadfdldy,  "  Virchow's  Archiv,"  xxxviii.  p.  177.  .  Q  1=9 

t  '  On  the  Epithelial  Cells  of  the  Frog's  Tongue,'  "  Midler's  Archiv,   18^8,  P- 
t  "Proceedings  of  the  Boyal  Society,"  1864. 
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non-ciliated  epithelial  cells  covering  the  summit  of  those  papillae ;  whilst 
the  ciliated  epithelial  cells  situated  on  their  sides,  and  elsewhere  on  the 
surface  of  the  tongue,  frequently  run  together  at  their  bases  into  gra- 
nular masses  or  sheets,  which  are  continuous  with  the  prolongations  of 
the  connective  corpuscles,  and  through  the  intermediation  of  these  with 
the  fine,  transparent,  branched  extremities  of  the  subjacent  muscular 
tissue-fibres.  Axel  Key*  describes  the  nerve-fibres  of  the  tongue  in  the 
came  animal  as  being  varicose,  interrupted  near  their  extremity  by  a 
cell,  from  which  they  are  continued  as  rods  reaching  the  surface  in  the 
intervals  of  the  epithelial  cells.  Szabadfoldy  describes  small  oval  or 
pyriform  bodies  lying  with  their  long  diameter  parallel  to  the  surface. 
The  axis  cylinders  of  the  gustatory  nerves  enter  these,  and  terminate  at 
their  lower  part  in  a  slight  swelling,  so  that  they  resemble  small 
Pacinian  bodies. 

609.  The  simple  application  of  a  sapid  substance  to  the  gustative  sur- 
face is  usually  sufficient  to  excite  the  sensation ;  and  if  this  application 
De  restricted  to  one  particular  spot,  we  are  able  to  recognize  its  place 
nore  or  less  distinctly.    In  this  respect,  then,  the  gustative  impression 
•esembles  the  tactile  ;  for  whilst  we  cannot,  by  our  own  consciousness, 
listinguish  the  parts  of  the  retina  or  of  the  auditory  apparatus  on  which 
isual  or  auditory  impressions  are  made,  we  can  make  this  distinction  in 
egard  to  the  surface  which  is  supplied  by  the  nerves  of  general  sense. 
horn  the  careful  experiments  of  Stich  and  Klaatsch,*j"  supported  as  they 
re  by  the  results  of  other  observations,  we  are  now  enabled  to  define 
Tith  some  accuracy  the  exact  seats  of  the  sense  of  taste.    It  exists  over 
le  whole  surface  of  the  posterior  third  of  the  dorsum  of  the  tongue,  on 
le  under  surface  of  the  tip,  and  in  a  band  or  line,  about  one  quarter  of 
I  a  inch  broad,  running  along  its  edge.    The  sense  is  also  well  defined  in 
I  ie  posterior  part  of  the  hard  palate,  and  in  that  portion  of  the  soft  palate 
hich  is  near  the  bone,  and,  lastly,  in  the  anterior  pillars  of  the  fauces. 
I  he  middle  and  anterior  part  of  the  dorsum,  the  gums,  posterior  pillars 
Itf  the  fauces,  and  the  inner  surface  of  the  lips,  possess  no  sense  of  taste. 
Jt  ltters  and  acids  appear  to  be  the  substances  of  which  the  dilution  or 
fc  tenuation  may  be  carried  to  the  greater  extent,  without  ceasing  to  excite 
|  nsations  of  taste,  providing  a  sufficient  volume  of  the  solution  be  intro- 
I  iced  into  the  mouth.    Thus,  according  to  Valentin,  one  part  of  extract 
I  aloes  or  of  sulphuric  acid  in  900,000  of  water,  and  even  one  part  of 
I  lphate  of  quinine  in  1,000,000  of  water,  may  be  distinguished  if  heed- 
fclly  compared  with  perfectly  pure  water.    The  contact  of  a  sapid  sub- 
f  mce  much  more  readily  excites  a  gustative  sensation,  when  it  is  made 
I  press  upon  the  papillae,  or  is  moved  over  them.    Thus  there  are  some 
|  bstances  whose  taste  is  not  perceived  when  they  are  simply  applied  to 
I  a  central  part  of  the  dorsum  of  the  tongue,  but  of  whose  presence  we 
1 3  at  once  rendered  cognizant  by  pressing  the  tongue  against  the  roof  of 
I  3  mouth.    The  full  flavour  of  a  sapid  substance,  again,  is  more  readily 
I  rceived  when  it  is  rubbed  on  any  part  of  the  tongue,  than  when  it  is 
|  iply  brought  in  contact  with  it,  or  pressed  against  it.    Even  when 
uids  are  received  into  the  mouth,  their  taste  is  most  completely  discri- 
I  nated  by  causing  them  to  move  over  the  gustative  surface  :  thus  the 

*  "  Reichert'H  Archiv,"  1861,  p.  329. 
T    Archiv  f.  Path.  Anat.,"  Bd.  xiv.,  1858,  p.  225,  and  Bd.  xviii.  p.  80. 
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'  wiae-taster'  takes  a  small  quantity  of  the  liquor  into  his  mouth,  carries 
it  rapidly  over  every  part  of  its  lining  membrane,  and  then  ejects  it.  It  is 
not  improbable  that  this  exaltation  of  the  usual  effects  is  simply  due  to 
mechanical  causes  ;  the  sapid  particles  being  brought  by  the  pressure  or 
movement  into  more  rapid  and  complete  operation  on  the  nerve-fibres 
than  they  would  be  if  simply  placed  in  contact  with  the  papillae. 

610.  The  impressions  made  upon  our  consciousness  by  a  large  pro- 
portion of  sapid  substances  are  of  a  complex  kind ;  being  in  part  derived 
from  their  odorous  emanations,  of  which  we  take  cognizance  through  the 
organ  of  Smell.  Of  this  any  one  may  convince  himself  by  closing  the 
nostrils,  and  inspiring  and  expiring  through  the  mouth  only,  whilst 
holding  in  the  mouth,  or  even  rubbing  between  the  tongue  and  the 
palate,  some  aromatic  substance;  for  its  taste  is  then  scarcely  recognized, 
although  it  is  immediately  perceived  when  its  effluvia  are  drawn  into  the 
nose.  It  is  well  known,  too,  that  when  the  sensibility  of  the  Schneiderian 
membrane  is  blunted  by  inflammation  (as  in  an  ordinary  1  cold  in  the 
head'),  the  power  of  distinguishing  flavours  is  very  much  diminished. 
In  fact,  some  Physiologists  are  of  opinion  that  all  our  knowledge  of  the 
flavour  of  sapid  substances  is  received  through  the  Smell ;  but  this,  as 
already  shown,  wrould  not  be  a  correct  statement ;  and  there  are  cases  on 
record  in  which  the  sense  of  Smell  has  been  entirely  lost,  without  any 
impairment  of  the  true  sense  of  Taste.* 

611.  Taken  in  its  ordinary  composite  acceptation,  the  sense  of  Taste 
has  for  its  object  to  direct  us  in  the  choice  of  food,  and  to  excite  the  flow 
of  mucus  and  saliva,  which  are  destined  to  aid  in  the  preparation  of  the 
food  for  Digestion.  Among  the  lower  Animals,  the  instinctive  percep- 
tions connected  with  this  sense  are  much  more  remarkable  than  our  own ; 
thus  an  omnivorous  Monkey  will  seldom  touch  fruits  of  a  poisonous 
character,  although  their  taste  may  be  agreeable  ;  and  animals  whose  diet 
is  restricted  to  some  one  kind  of  food  will  decidedly  reject  all  others. 
As  a  general  rule  it  may  be  stated,  that  substances  of  which  the  taste  is 
agreeable  to  us  are  useful  in  our  nutrition,  and  vice  versd  :f  but  there 

*  An  interesting  case  of  this  kind,  occurring  in  a  Negro  who  had  gradually  losttbej 
characteristic  hue  of  his  skin,  and  had  acquired  the  fair  complexion  of  a  European,! 
has  Leen  put  on  record  by  Dr.  J.  C.  Hutchinson. — The  Olfactory  nerve  seemed  to  bel 
entirely  paralyzed,  whilst  the  branches  of  the  5th  l'air  retained  their  integrity ;  sol 
that,  whilst  the  proper  sense  of  Smell  was  entirely  lost,  a  pungent  burning  sensation! 
was  excited  by  irritating  vapours,  and  the  application  of  snuff  induced  sneezing.  2SotJ 
withstanding  this  deficiency,  the  sense  of  Taste,  properly  so  called,  did  not  seem  tow* 
impaired  ;  for  substances  which  possessed  neither  odour  nor  pungency  could  readily  bel 
discriminated,  even  though  their  tastes  were  not  widely  different.  (See  "AmerJ 
Journ.  of  Med.  Sci.,"  Jan.  1852.)  I 

T  It  is  justly  remarked  by  Sir  H.  Holland  ("  Medical  Notes  and  Reflections,  p.  bo)l 
that, — "  in  the  majority  of  instances  of  actual  illness,  provided  the  real  feelings  ot  tnd 
patient  can  be  safely  ascertained,  his  desires  as  to  food  and  drink  may  be  sateij '  c0™f 
plied-with.  But  undoubtedly  much  care  is  needlul  that  we  be  not  deceived  as  to  tna 
state  of  the  appetites,  by  what  is  merely  habit  or  wrong  impression  on  the  partot  tnti 
patient,  or  the  effect  of  the  solicitation  of  others.  This  class  of  sensations  is  moia 
nurtured  out  of  the  course  of  nature,  than  are  those  which  relate  to  the  tem?"at"  J 
of  the  body.  The  mind  becomes  much  more  deeply  engaged  with  them ;  and  tn°M 
in  acute  illness  they  are  generally  submitted  again  to  the  natural  law,  there  are  ui  ji 
lesser  cases  where  enough  remains  of  the  leaven  of  habit  to  render  every  Preca,  J 
needful.  With  such  precautions,  however,  which  every  physician  who  can  take  s  i 
ing  from  experience  will  employ,  the  stomach  of  the  patient  becomes  a  va uaDieSV  J 
whether  it  dictate  abstinence  from  a  recurrence  of  food ;  whether  mucn  or  *»j 
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are  many  signal  exceptions  to  this. — Like  other  senses,  that  of  Taste  is 
capable  of  being  rendered  more  acute  by  education ;  and  this  on  the 
principles  already  laid  down  in  regard  to  Touch.  The  experienced  wine- 
taster  can  distinguish  differences  in  age,  purity,  place  of  growth,  &c, 
between  liquors  that  to  ordinary  judgments  are  alike  ;  and  the  epicure 
can  give  an  exact  determination  of  the  spices  that  are  combined  in  a  par- 
ticular sauce,  or  of  the  manner  in  which  the  animal  on  whose  flesh  he  is 
feeding  Avas  killed.  As  in  the  case  of  other  senses,  moreover,  impressions 
made  upon  the  sensory  surface  remain  there  for  a  certain  period  ;  and 
this  period  is  for  the  most  part  longer  than  that  which  is  required  for  the 
departure  of  the  impressions  made  upon  the  eye,  the  ear,  or  the  organ  of 
smell.  Every  one  knows  how  long  the  taste  of  some  powerful  substances 
remains  in  the  mouth  ;  and  even  of  those  which  make  less  decided 
impressions,  the  sensations  remain  to  such  a  degree  that  it  is  difficult  to 
compare  them  at  short  intervals.  Hence  if  a  person  be  blindfolded,  and 
be  made  to  taste  substances  of  distinct,  but  not  widely- different  flavours 
(such  as  various  kinds  of  wine  or  of  spirituous  liquors),  one  after  another 
in  rapid  succession,  he  soon  loses  the  power  of  discriminating  between 
them.  In  the  same  manner,  the  difficulty  of  administering  very  dis- 
agreeable medicines  may  be  sometimes  got-over,  by  either  previously 
giving  a  powerful  aromatic,  or  by  combining  the  aromatic  with  the 
medicine  ;  its  strong  impression  in  both  cases  preventing  the  unpleasant 
taste  from  exciting  nausea. 

4.  Sense  of  Smell. 

612.  The  Nasal  passages  may  be  considered  as  having,  in  air-breathing 
Vertebrata,  two  distinct  offices ;  for  they  constitute  the  portal  of  the 
Eespiratory  organs,  and  have  for  their  office  to  take  cognizance  of  the 
aeriform  matter  as  it  enters  them,  and  to  give  warning  of  that  which  would 
be  injurious  (this  being  effected  by  the  instrumentality  of  the  Fifth 
pair,  which  receives  the  impressions  of  gaseous  irritants,  and  excites  the 
act  of  sneezing  to  expel  them  ;  whilst  they  also  contain  the  organ  of 
Smell,  which  is  formed  by  the  distribution,  over  a  certain  part  of  their 
membranous  wall,  of  the  Olfactory  nerve,  which  is  susceptible  of  being 
impressed  by  Odorous  emanations.  Of  the  nature  of  these  emanations 
the  Physical  Philosopher  is  so  completely  ignorant,  that  the  Physiologist 
cannot  be  expected  to  give  a  definite  account  of  the  mode  in  which  they 
produce  sensory  impressions.    Although  it  may  be  surmised  that  they 

quantity ;  whether  what  is  solid  or  liquid  ;  whether  much  drink  or  little ;  whether 
things  warm  or  cold  ;  whether  sweet,  acid,  or  saline  ;  whether  bland  or  stimulating  to 
the  taste."    Further,  Sir  H.  Holland  remarks  :  "  It  is  not  wholly  paradoxical  to  say 
that  we  are  authorized  to  give  greatest  heed  to  the  stomach,  when  it  suggests  some 
|  seeming  extravagance  of  diet.    It  may  be  that  this  is  a  mere  depravation  of  the  sense 
I  .  taato  i  but  frequently  it  expresses  an  actual  need  of  the  stomach,  either  in  aid  of 
I  1(L9.  °*n  functions,  or  indirectly  (under  the  mysterious  law  just  referrcd-to)  for  the 
I  euecting  of  changes  in  the  whole  mass  of  blood.    It  is  a  good  practical  rule  in  such 
1- cases  to  withhold  assent,  till  we  find  after  a  certain  lapse  of  time  that  the  same  desire 
i  ??nHnHes  or  strongly  recurs  ;  in  which  case  it  may  generally  be  taken  as  the  index  of 
I  the  htness  of  the  thing  desired  for  the  actual  state  of  the  organs.    In  the  early  stage 
I  "  recovery  from  long_  gastric  fevers,  I  recollect  many  curious  instances  of  such  con- 
ranety  to  all  rule  being  acquiesced-in,  with  manifest  good  to  the  patient.  Dietetics 
I    ust  become  a  much  more  exact  branch  of  knowledge,  before  we  can  be  justified  in 
Pposing  its  maxims  to  the  natural  and  repeated  suegestionB  of  the  stomach,  in  the 
«ate  either  of  health  or  disease." 
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consist  of  particles  of  extreme  minuteness,  dissolved  as  it  were  in  the  air 
and  although  this  idea  seems  to  derive  confirmation  from  the  fact  that 
most  odorous  substances  are  volatile,  and  vice  versd, — yet  the  most  deli- 
cate experiments  have  failed  to  discover  any  diminution  in  weight,  in 
certain  substances  (as  musk)  that  have  been  impregnating  a  large  quantity 
of  air  with  their  effluvia  for  several  years ;  whilst  there  are  some  volatile 
fluids,  such  as  water,  which  to  Man  are  entirely  inodorous. 

613.  The  Olfactory  nerves  pass-down  from  the  Olfactory  Ganglion 
in  the  form  of  very  numerous  minute  threads,  which  form  a  plexus 
upon  the  surface  of  the  Schneiderian  or  pituitary  membrane  (Fig. 
185).  The  filaments  composing  this  plexus  are  described  by  Messrs. 
Todd  and  Bowman*  as  differing  widely  in  structure  from  those  of  the 
ordinary  cephalic  nerves ;  they  contain  no  white  substance  of  Schwann, 
are  nucleated  and  finely-granular  in  texture,  and  altogether  bear  a  close 

resemblance  to  the  gelatinous  form  of  nerve- 
Fig.  183.  fibres  (Fig.  183).    The  mode  in  which  these 

nerves  terminate  has  recently  been  the  subject 
of  close  investigation  by  Hoyer,^  Schultze,  j  and 
Lockhart  Clarke.  §  Their  distribution  appears 
to  be  limited  to  the  membrane  covering  the 
upper  third  of  the  septum  of  the  nose,  the 
superior  turbinated  bone,  and  perhaps  the  upper 
part  of  the  middle  turbinated  bone ;  together 
with  the  upper  wall  of  the  nasal  cavities  beneath 
the  cribriform  plate  of  the  ethmoid  bone ;  all 
which  surface  is  covered  (as  Messrs.  Todd  and 
Bowman  have  pointed-out)  with  an  epithelium 
of  a  rich  sepia-brown  hue.  According  to 
Schultze  these  epithelial  cells  are  divisible  into 
two  sets  :  one  of  these  (a,  Fig.  184)  may  be 
described  as  terminating  externally  by  trun- 
cated flat  surfaces  which  cannot  be  observed 
to  be  covered  by  any  membrane  separate  from 
the  contents  of  the  cell.  The  contents  themselves  appear  to  consist 
of  proto-plasma  presenting  a  yellowish  granular  appearance  in  the 
outer  part,  whilst  at  the  lower  part  an  oval  nucleus  lying  m 
clear  protoplasm  can  be  readily  distinguished.  Towards  then:  at- 
tached extremity  these  cells  become  attenuated,  and  can  be  traced 
inwards  for  a  considerable  distance,  when  they  expand  into  a  broad 
flat  sheet  or  plate,  which,  whilst  it  frequently  presents  a  granular 
appearance,  is  never  coloured.  The  processes  which  pass-off  lrom  this 
sheet  appear  to  be  continuous  with  the  fibres  of  the  submucous  con- 
nective tissue.  Towards  the  margin  of  the  true  olfactory  region,  cells 
(c,  Fig.  184)  in  every  respect  analogous  to  those  just  described  are 
found,  excepting  only  that  they  present  a  well-defined  band  or  seam  a 
their  free  extremity,  which  is  surmounted  by  a  circle  of  cilia.-— 
cells  of  the  second  set  (b,  Fig.  184)  have  been  described  by  Schultze  s 

*  "Physiological  Anatomy,"  vol.  ii.  p.  9. 
+  Henle  and  Meissner's  "  Bericht,"  1857,  p.  27. 
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Fig.  184. 


continuations  of  the  nerves,  and  he  has  hence  termed  them  '  Olfactory 

cells.'    They  are  thin,  fibrous-  or  rod-like  bodies,  terminating  at  the 

same  level  as  the  proper  epithelial  cells,  and  presenting  when  traced 

inwards  a  series  of  moniliform  or  varicose  swellings  which  are  directly 

continuous  with  outrunners  of  more  deeply-seated 

nerve-cells.    Closely  analogous  appearances  have 

been  seen  and  described  by  Lockhart  Clarke, 

who  states  that  the    Olfactory  Nerve-fibres  on 

reaching  the  base  of  the  epithelial  layer  divide  into 

finer  and  still  finer  branches,  to  form  a  network 

w  ith  numerous  interspersed  nuclei,  through  which 

they  are  probably  connected  with  the  "  Olfactory 

-ells"  (f,  Fig.  184),  although  he  has  never  been 

ible  satisfactorily  to  convince  himself  of  such  con- 
lection.    The  proper  epithelial  cylinders  (d,  e)  are 

Connected  at  their  bases  with  the  septa  formed  of 

connective  tissue  belonging  to  the  sub-epithelial 

Ljlandular  layer. — The  remainder  of  the  nasal  sur- 

[  ace  is  supplied  by  the  Fifth  pair  only,  and  is  not 

I  ndowed  with  sensibility  to  odours,  although  it  is 

t-usceptible  of  irritation  from  such  as  are  of  a 

I  ungent  nature  ;  and  hence  it  is  that  we  cannot  dis- 

■  nguish  faint  odours,  unless,  by  a  peculiar  inspira- 
tory effort,  we  draw  the  air  charged  with  them  to 

I  le  upper  part  of  the  nose.    In  animals  living  in 

I  ie  air,  it  is  a  necessary  condition  of  the  exercise 

I P  the  sense  of  Smell,  that  the  odorous  matter    Cells  of  the  Olfactory 

1  lould  be  transmitted  by  a  respiratory  current  i^ffiffy.^ 

I,  -rough  the   nostrils,  and  that  the   membrane  Lockhart  Clarke. 

k  aing  these  should  be  in  a  moist  state.  Hence, 

\  t  breathing  through  the  mouth,  we  may  avoid  being  affected  by 

j  .ours  even  of  the  strongest  and  most  disagreeable  kind ;  and  in  the 

i  It  st  state  of  a  catarrh,  when  the    ordinary  mucous   secretion  is 
1  spended,  the  sense  of  Smell  is  blunted  from  this  cause,  as  it  after- 
I  irds  is  from  the  excess  in  the  quantity  of  the  fluid,  which  prevents 
J  2  odoriferous  effluvia  from  coming  into  immediate  relation  with  the 
|  nsory  extremities  of  the  nerves.    Hence  we  may  easily  comprehend 
|  w  section  of  the  Fifth  Pair,  which  exerts  a  considerable  influence 
|  er  the  secretions,  will  greatly  diminish  the  acuteness  of  this  sense, 
j  1  will  have  the  further  effect  of  preventing  the  reception  of  any  im- 
issions  of  irritation  from  acrid  vapours,  which  are  entirely  different 
j  their  character  from  true  odorous  impressions,  and  are  not  transmitted 
j  'ough  the  Olfactory  nerve  (§517). 

j  614.  The  importance  of  the  sense  of  Smell  among  many  of  the  lower 
I  unals,  in  guiding  them  to  their  food,  or  in  giving  them  warning  of 
I  ^z*,  and  also  in  exciting  the  sexual  feelings,  is  well  known.  To  Man 
r  utility  is  comparatively  small  under  ordinary  circumstances ;  but  it 
I  y  be  greatly  increased  when  other  senses  are  deficient.  Thus,  in  the 
\  1-known  case  of  James  Mitchell,  who  was  blind,  deaf  and  dumb,  from 
^irth,  it  was  the  principal  means  of  distinguishing  persons,  and  enabled 
ill  at  once  to  perceive  the  entrance  of  a  stranger.  It  is  recorded  that  a 
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b mi  l  «  T  °  had  aU  «ntiPathy t0  cafcs,  was  possessed  of  a  sensi- 

bility so  acute  m  this  respect,  that  he  perceived  the  proximity  of  one  that 

a  " ldefalIj  ShUt"UP  "  a  d0Set  adj°ininS  his  Aniong 
lavage  tribes,  whose  senses  are  more  cultivated  than  those  of  civilized 
nations,  more  direct  use  being  made  of  the  powers  of  observation  the 
scent  is  almost  as  acute  as  in  the  lower  Mammalia:  thus  it  is  asserted 

Fig.  185. 


Distribution  of  the  Olfactory  Nerve  on  the  Septum  NaBi.  The  nares  have  been  divided 
by  a  longitudinal  section  made  immediately  to  the  left  of  the  septum,  the  right  nares  being 
preserved  entire.— 1.  The  frontal  sinus.  2.  The  nasal  bone.  3.  The  crista  galli  process 
of  the  ethmoid  bone.  4.  The  sphenoidal  sinus  of  the  left  side.  5.  The  sella  turcica.  6. 
The  basilar  process  of  the  sphenoidal  and  occipital  bones.  7.  The  posterior  opening  of 
the  right  nares.  8.  The  opening  of  the  Eustachian  tube  in  the  upper  part  of  the  pharynx. 
9.  The  soft  palate,  divided  through  its  middle.  10.  Cut  surface  of  the  hard  palate,  a. 
The  olfactory  peduncle.  6.  Its  three  roots  of  origin,  c.  Olfactory  ganglion,  irom  which 
the  filaments  proceed  that  spread-out  in  the  substance  of  the  pituitary  membrane,  d.  The 
nasal  nerve,  a  branch  of  the  ophthalmic  nerve,  descending  into  the  left  nares  from  the 
anterior  foramen  of  the  cribriform  plate,  and  dividing  into  its  external  and  internal  branch. 
e.  The  naso-palatine  nerve,  a  branch  of  the  spheno-palatine  ganglion,  distributing  twigs  to 
the  mucous  membrane  of  the  septum  nasi  in  its  course  to  (f)  the  anterior  palatine  fora- 
men, where  it  forms  a  small  gangliform  swelling  (Cloquet's  ganglion)  by  its  union  with  its 
fellow  of  the  opposite  side.  g.  Branches  of  the  naso-palatine  nerve  to  the  palate,  h.  Pos- 
terior palatine  nerves,   t,  t.   The  septum  nasi. 

by  Humboldt,  that  the  Peruvian  Indians  in  the  middle  of  the  night  ca 
distinguish  the  different  races,  whether  European,  American-Indian,  o 
Negro  ;  and  the  Arabs  of  the  Great  Desert  are  said  to  be  able  to  dis 
tinguish  the  smell  of  a  fire  thirty  miles  off. — The  quantity  of  some  odorou 
bodies  which  is  capable  of  exciting  a  distinct  perception  of  Smell,  must 
some  instances  be  exceedingly  small.  A  very  minute  trace  of  sulphurette 
hydrogen  is  readily  recognized,  and  according  to  Valentin,  one  part  o 
bromine  in  200,000  of  air  communicates  an  unpleasant  odour  to  th 
latter,  whilst  in  the  case  of  musk  a  proportion  not  greater  than  o 
part  in  13,000,000  of  air  is  still  perceptible.— The  agreeable  or  di 
agreeable  character  assigned  to  particular  odours,  is  by  no  means  const.i 
amongst  different  individuals.    Just  as  many  of  the  lower  animals  pa 
their  whole  lives  in  the  midst  of  odours  that  are  to  Man  (in  his  civilize 
condition  at  least)  in  the  highest  degree  revolting,  and  will  even  refuse 
touch  food  until  it  is  far  advanced  in  putridity,  so  do  we  find  that  me 
who  are  compelled  by  circumstances  to  live  upon  putrescent  food,  co 
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i  at  last. to  relish  it  most  when  it  is  furthest  advanced  in  decomposition 
(§71);  and  the  most  refined  epicures  among  highly-civilized  communities 
[  seem  to  find  pleasure  in  similar  odours  and  savours,  which  to  ordinary 
I  tastes  are  anything  bat  agreeable. — As  to  the  length  of  time  during 
which  impressions  made  upon  the  organ  of  Smell  remain  upon  it,  no 
I  certain  knowledge  can  be  obtained.    It  is  difficult  to  say  when  the 
i  effluvia  themselves  have  been  completely  removed  from  the  nasal  pas- 
ses, since  it  is  not  unlikely  that  the  odorous  particles  (supposing  such 
to  exist)  are  absorbed  or  dissolved  by  the  mucous  secretion ;  it  is  pro- 
bably in  this  manner  that  we  may  account  for  the  fact,  well  known  to 

I  3very  medical  man,  that  the  cadaverous  odour  is  frequently  experienced 
[  for  many  days  after  a  post-mortem  examination.* 

5.  Sense  of  Vision. 

615.  The  objects  of  this  sense  are  bodies  from  which  Light  proceeds, 
Lltjither  because  they  are  luminous  in  themselves,  or  because  they  reflect 
i   he  light  that  proceeds  from  other  bodies.    Whether  their  light  is  trans- 
J  tutted  by  the  actual  emission  of  luminous  particles,  or  by  the  propaga- 
tion of  undulations  analogous  to  those  of  sound,  is  a  question  that  has 
|  ieen  long  keenly  debated  amongst  Natural  Philosophers;  but  it  is  of 
t  ittle  consequence  to  the  Physiologist  ivhich  is  the  true  solution,  since  he 
1 3  only  concerned  with  the  laws  according  to  which  the  transmission 
Lakes  place,  Avhich  are  the  same  on  both  theories.    These  laws  it  may 
\  >e  desirable  here  briefly  to  recapitulate. 

t|    616.  Every  point  of  a  luminous  body  sends-off  a  number  of  rays, 

I I  rhich  diverge  in  every  direction,  so  as  to  form  (as  it  were)  a  cone,  of 
[•I  'Inch  the  luminous  point  is  the  apex.  So  long  as  these  rays  pass 
1 1  trough  a  medium  of  the  same  density,  they  proceed  in  straight  lines  : 
'{.at  if  they  enter  a  medium  of  different  density,  they  are  refracted  or 

intent, — towards  the  perpendicular  to  the  surface  at  the  point  at  which 
i  r  .ey  enter,  if  they  pass  from  a  rarer  into  a  denser  medium, — and  from 
|  e  perpendicular,  when  they  pass  from  a  denser  medium  into  a  rarer. 
|i  is  easily  shown  to  be  a  result  of  this  law,  that,  when  parallel  rays 
.  pissing  through  air  fall  upon  a  convex  surface  of  glass,  they  will  "be 
ade  to  converge ;  so  as  to  meet  at  the  opposite  extremity  of  the 
.  I  ameter  of  the  circle,  of  which  the  curve  form3  part.    If,  instead  of 
j  mtinuing  in  the  glass,  they  pass-out  again,  through  a  second  convex 
I  irface,  of  which  the  direction  is  the  reverse  of  the  first,  they  will  be 
I  ade  to  converge  still  more,  so  as  to  meet  in  the  centre  of  curvature. 
I  iys  which  are  not  parallel,  but  which  are  diverging  from  a  focus, 
1  e  likewise  made  to  converge  to  a  point  or  focus ;  but  this  point  will 
I  more  distant  from  the  lens,  in  proportion  as  the  object  is  nearer  to  it, 
I  d  the  angle  of  divergence  consequently  greater.    The  rays  diverging 
■  'in  the  several  points  of  a  luminous  object,  are  thus  brought  to  cor- 
I  ^ponding  foci ;  and  the  places  of  all  these  foci  hold  exactly  the  same 
•  lation  to  each  other,  with  that  of  the  points  from  which  the  rays 
I  verged;  so  that  a  perfect  image  of  the   object  is  formed  upon  a 
I  'eeu  held  in  the  focus  of  the  lens.     This  image,  however,  will  be 
I  verted ;  and  its  size,  in  proportion  to  that  of  the  object,  will  depend 
Ihis  may  partly  he  attributed  also  to  the  effluvia  adhering  to  the  dress.    It  has 
I  n  remarked  that  dark  cloths  retain  these  more  strongly  than  light. 
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upon  their  respective  distances  from  the  lens.  If  their  distances  be  the 
same,  their  size  will  also  be  the  same;  if  the  object  be  distant,  and  the 
image  near,  the  latter  will  be  much  the  smaller :  and  vice  versd. 

617.  There  are  two  circumstances,  however,  which  interfere  with  the 
perfection  of  an  image  thus  formed  by  a  convex  lens.    The  one  is  that 
if  the  lens  constitute  a  large  part  of  the  sphere  from  which  it  is  taken 
the  rays  which  fall  near  its  margin  are  not  brought  to  a  focus  at  the 
same  point  with  those  which  pass  through  its  centre,  but  at  a  point 
nearer  the  lens.    This  difference,  which  must  obviously  interfere  greatly 
with  the  distinctness  of  the  image,  is  termed  Spherical  Aberration ;  it 
may  be  corrected  by  the  combination  of  two  or  more  lenses,  of  which 
the  curvatures  are  calculated  to  balance  one  another ;  in  such  a  manner 
that  all  the  rays  shall  be  brought  to  the  same  focus  ;  or  by  diminishing 
the  aperture  of  the  lens  by  means  of  a  stop  or  diaphragm,  in  such  a 
manner  that  only  the  central  part  of  it  shall  be  used.    The  latter  of 
.  these  methods  is  the  one  employed,  where  the  diminution  in  the  amount 
of  light  transmitted  is  not  attended  with  inconvenience.    The  nearer  the 
object  is  to  the  lens  (and  the  greater,  therefore,  the  angle  of  divergence 
of  its  rays),  the  greater  will  be  the  spherical  aberration,  and  the  more 
must  the  aperture  of  the  diaphragm  be  reduced  in  order  to  counteract 
it.    The  term  astigmatism*  (a,  privative,  and  orty^a,  a  point)  has  been 
applied  by  Professor  Whewell  to  a  condition  of  the  eye  (first  observed 
in  himself  by  Professor  Airy)  in  which  there  is  an  inequality  in  the 
refractive  power  (owing  to  difference  in  the  degree  of  curvature  either 
of  the  cornea,  or  of  the  lens,  or  of  both)  between  the  horizontal  and 
vertical  meridians  of  the  eye.    There  is  a  consequent  incapacity  on  the  J 
part  of  the  eye  to  collect  all  the  rays  of  light  entering  it  to  one  exact 
focus ;  this  has  been  shown  by  Donders  to  be  of  common  occurrence  in 
those  who  are  otherwise  healthy.    The  asymmetry  is  usually  of  such 
nature  that  with  each  degree  of  accommodation  horizontal  lines  are  seen 
distinctly  at  a  point  nearer  to  the  eye  than  vertical  lines,  showing  thati 
the  vertical  meridian  has  a  shorter  focal  distance  than  the  horizontal. 
This  condition  may  be  remedied  by  the  use  of  the  so-called  cylindrical 
glasses. — The  other  circumstance  that  interferes  with  the  distinctness 
of  the  image,  is  the  unequal  refrangibility  of  the  differently-colouredl 
rays  which  together  make-up  white  or  colourless  light ;  the  violet  being 
more  bent  from  their  course  than  the  blue,  the  blue  more  than  thd 
yellow,  and  the  yellow  more  than  the  red  ;  the  consequence  of  which! 
will  be,  that  the  violet  rays  are  brought  to  a  focus  much  nearer  to  thd' 
lens  than  the  blue,  and  the  blue  nearer  than  tto  red.    If  a  screen  bdi 
held  to  receive  the  image  in  the  focus  of  any  of  the  rays,  the  others  will 
make  themselves  apparent  as  fringes  round  its  margin.    This  difference 
is  termed  Chromatic  Aberration.    It  is  corrected  in  practice,  by  conij; 
bining  together  lenses  of  different  substances,  of  which  the  disperstvm 
power  (that  is,  the  power  of  separating  the  coloured  rays)  differs  conj< 
siderably.    This  is  the  case  with  flint  and  crown-glass,  for  instance,-* 

*  See  Donders'  "  Astigmatismus,"  &c.  (Berlin,  1862);  the  "  Oration"  delivered 
by  Mr.  Z.  Laurence  before  the  North  London  Medical  Society,  1863,  and  his  pnpen 
in  the  "  Med.  Times  and  Gazette"  for  1862-63  ;  also  Mr.  Wharton  Jones  ^»Ds,?T| 
of  paper  read  before  the  Royal  Society,  in  "  Proceedings  of  the  Ro.yal  bociety  i 
1859,  vol.  x.  p.  374. 
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the  dispersive  poAver  of  the  former  being  much  greater  than  that  of  the 
latter,  whilst  its  refractive  power  is  nearly  the  same ;  so  that,  if  a  convex 
lens  of  crown-glass  be  united  with  a  concave  of  flint  whose  curvature  is 
much  less,  the  dispersion  of  the  rays  effected  by  the  former  will  be 
entirely  counteracted  by  the  latter,  which  diminishes  in  part  only  its 
refractive  power.* 

618.  The  refractive  surfaces  of  the  eye  are  three  in  number,  and 
may  be  regarded  as  spherical,  though  the  cornea  has  been  shown  to  be 
slightly  ellipsoidal.  The  radius  of  the  first  refracting  surface,  which  is 
that  of  the  cornea,  is  about  8mm. ;  of  the  second,  which  is  the  anterior 
surface  of  the  lens,  about  10mm. ;  and  of  the  third,  which  is  the  posterior 
surface  of  the  lens,  about  6mm.  The  distances  between  these  are  ;  from 
1  to  2  about  4mm.  ;  from  2  to  3,  which  is  the  axis  of  the  lens,  about 
4mm. ;  and  from  3  to  the  retina,  about  13mm.  The  coefficient  of 
refraction  is  for  the  lens  1*455,  and  for  the  vitreous  and  aqxieous 
humours  1-3366.  In  order  that  the  course  of  a  ray  of  light  may  be  followed 
in  any  system  of  refractive  media,  it  is  necessary  that  the  position  of  the 
five  cardinal  points  should  be  known — namely,  that  of  the  two  principal 
points,  which  are  the  points  where  the  principal  refracting  surfaces  are 
cut  by  the  axis  ;  that  of  the  two  nodal  points,  or  those  points  in  the  refrac- 
tive media  to  which  a  ray  of  light  is  directed  before,  and  appears  to  pro- 
ceed from,  after  its  refraction  ;  and  lastly,  of  the  focal,  or  rather  of  the 
two  focal  points,  one  behind  the  lens  and  the  other  in  front  of  the  cornea. 
The  relative  positions  of  these  cardinal  points  are  as  follows  : — 

1.  Principal  point,  2,l746mm.  behind  the  anterior  surface  of  the  cornea. 

2.  Principal  point,  2*5724   „  „  „  ,,  „ 

1.  Nodal  point,      0*7850  „    in  front  of  the  posterior  surface  of  the  lens. 

2.  Nodal  point,  0*3602  „  „  „  „  „ 
2.  Focal  point,     14*6470  „    behind            „          „  „ 

1.  Focal  point,     12*8326  ,,    in  front  of  the  anterior  corneal  surface. 

The  two  principal  points  thus  lie  at  0*4mm.  distance  from  one  another, 
nearly  in  the  middle  of  the  anterior  chamber  of  the  eye.  The  two 
nodal  points,  also  about  0*4mm.  from  each  other  in  the  posterior  part  of 
lens;   the  second  focal  point 

close  to  or  in  the  retina.    The  Fia.  186. 

I  two  nodal  points  He  so  close  to 
one  another  that  they  may  be  re- 
garded as  single,  and  visual  rays 
passing  through  them  as  rectili- 
near. In  like  manner,  the  two 

I  Principal  surfaces  may  be  re- 
garded as  marked  in  the  spheri- 
cal surface  h  h,  which  repre- 
Benta  the  refractive  surface  of 

j  the  eye.   Every  point  of  a  re- 

I  tinal  image  corresponds  to  a 
point  of  the  object ;  and  if  it 
be  desired  to  determine  which 
"•e  the  corresponding  points  of  the  object  and  of  the  image,  it  is  only 

*  The  most  important  recent  work  on  the  optical  relations  of  the  eye  is  Helmholtz, 
Uandbuch  der  Physiologischuu  Optik,"  Leipzig,  1867. 
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requisite  to  join  them  by  a  line  passing  through  the  united  nodal  point. 
The  retinal  images  are  consequently  inverted. 

619.  The  Eye  may  be  regarded  as  an  optical  instrument  of  great 
perfection,  adapted  to  produce  on  the  surface  of  the  Retina,  a  com- 
plete image  or  picture  of  luminous  objects  brought  before  it;  in  which 
the  forms,  colours,  lights  and  shades,  &c.  of  the  object  are  all  accurately 
represented.  By  the  different  refractive  powers  of  the  transparent  media 
through  which  the  rays  of  light  pass,  and  by  the  curvatures  given  to 
their  respective  surfaces,  both  the  Spherical  and  Chromatic  aberrations 
are  corrected  in  a  degree  sufficient  for  all  practical  purposes  ;  so  that,  in 
a  well-formed  eye,  the  picture  is  quite  free  from  haziness  and  from  false 
colours.  The  power  by  which  it  adapts  itself  to  variations  in  the  distance 
of  the  object, — so  as  to  form  a  distinct  image  of  it,  whether  it  be  six 
inches,  six  yards,  or  six  miles  off, — is  extremely  remarkable,  and  cannot 
be  regarded  as  hitherto  completely  explained.  It  is  obvious  that,  if  we 
fix  upon  any  distance  as  that  for  which  the  eye  is  naturally  adjusted  (say 
12  or  14  inches,  the  distance  at  which  we  ordinarily  read),  the  rays  pro- 
ceeding from  an  object  placed  nearer  to  the  eye  than  this  would  not  be 
brought  to  focus  upon  the  retina,  but  would  converge  towards  a  point 
behind  it;  whilst  on  the  contrary,  the  rays  from  an  object  at  a  greater 
distance  would  meet  before  they  reach  the  retina,  and  would  have  again 
diverged  from  each  other  when  they  impinge  upon  it ;  so  that,  in  either 
case,  vision  would  be  indistinct.  Now,  two  methods  of  adaptation  suggest 
themselves  to  the  Optician.  Either  he  may  vary  the  distance  between 
the  refracting  surface  and  the  screen  on  which  the  image  is  formed,  in 
such  a  manner  that  the  latter  shall  always  be  in  the  focus  of  the  con- 
verging rays  ;  or,  the  distance  of  the  screen  remaining  the  same,  he  may 
vary  the  convexity  of  his  lens,  in  such  a  manner  as  to  adapt  it  to  the 
distance  of  the  object.  The  mode  in  which  this  adaptation  is  effected  in 
the  Human  Eye  has  been  carefully  investigated  by  Czermak,  Helmholtz, 
and  others.  According  to  the  calculations  of  Olbers,  based  on  the  ascer- 
tained refractive  powers  of  the  media  of  the  eye,  the  difference  between 
the  focal  distances  of  the  images  of  two  objects,  the  one  so  far  off  that  its 
rays  are  parallel,  and  the  other  at  the  distance  of  only  four  inches  from 
the  eye,  is  about  0-143,  or  one-seventh  of  an  inch  ;  but  as  the  usual  range 
of  distinct  vision  does  not  extend  to  objects  brought  within  six  or  seven 
inches,  the  amount  of  change  required  in  the  relative  places  of  the  refract- 
ing bodies  and  the  retina  would  not  ordinarily  exceed  a  line.  It  has  been 
thought  that  this  change  might  be  produced  by  an  alteration  in  the  con- 
vexity in  the  cornea,  or  by  an  elongation  of  the  globe  of  the  eye  generally, 
or  by  both  methods  in  combination ;  but  a  strong  counter-argument 
to  these  opinions  is  derived  from  a  case  which  came  under  the  obser- 
vation of  v.  Grafe,  in  which  the  power  of  accommodation  was  preserved, 
although  from  paralysis  of  the  Third  Nerve  all  the  ocular  muscles 
were  paralyzed,  except  the  external  rectus  and  the  superior  oblique. 
There  is  much  more  ground  for  the  belief  that  a  change  of  form  and 
perhaps  of  place  is  effected  in  the  crystalline  lens,  by  the  action  of  the 
ciliary  muscle  and  the  erectile  tissue  of  the  ciliary  processes ;  for  no 
only  can  it  be  shown  that  the  contraction  of  the  ciliary  muscle  vyoin 
tend  to  compress  the  lens,  but  the  fact  that  this  muscle  is  pe°ull*V 
powerful  in  the  predaceous  Birds,  which  are  distinguished  tor  tn 
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great  range  of  vision,  and  Avhich  have,  in  their  circle  of  osseous  sclerotic 
plates,  an  unusually  firm  point  of  attachment  for  it,  is  a  strong  argument 
in  favour  of  this  doctrine.*  Further,  the  almost  entire  loss  of  the  power 
of  adapting  the  eye  to  distances,  which  is  experienced  after  the  removal  of 
the  Crystalline  lens  in  the  operation  for  Cataract,  is  a  marked  indication 
that  some  change  in  the  place  or  figure  of  this  body  is  the  principal  means 
whereby  the  ordinary  adaptation  is  effected.  The  precise  changes  which 
occur  in  the  interior  of  the  Bye  when  it  is  accommodated  for  viewing 
near  objects,  or  during  positive  accommodation,  have  been  determined  by 
Helmholtzf  with  an  instrument  that  he  has  termed  an  Ophthalmometer, 
the  principle  of  which  consists  in  examining  the  reflexion  from  the  various 
ocular  media  of  two  flames : — alterations  in  the  relative  position  and 
figure  of  these  can  be  readily  perceived  and  measured,  furnishing  the 
data  for  the  requisite  calculations.  By  this  means  it  has  been  ascertained 
that  the  essential  alteration  is  a  change  effected  by  muscular  effort  in 
the  figure  of  the  lens,  which  increases  in  thickness  in  its  antero-posterior 
i diameter,  the  convexity  of  the  anterior  surface  in  particular  undergoing  a 
considerable  augmentation  (n,  Fig.  187),  and  by  a  forward  movement  ap- 
proximating the  cornea ;  whilst  the  convexity  of  the  posterior  surface  is 

Fig.  187. 


c,  Cornea;  s,  Sclerotic;  p  c  n,  Vertical  pla^e  of  the  Cornea;  bod,  Axis  of  the  Eye; 
»  >,  Canal  of  Schlemm ;  p,  Angle  formed  by  the  Iris  and  Cornea,  or  margin  of  anterior 
Chamber  ;  m,  Position  of  Iris,  and  curvature  of  Lens  in  an  Eye  converged  for  parallel  rays, 
distant  vision,  or  negative  accommodation ;  n,  Position  of  Iris,  and  curvature  of  lens 
required  for  near  objects,  or  for  positive  accommodation. 

ut  slightly  modified,  and  undergoes  scarcely  any  change  of  place.  The 
iturn  of  the  lens  to  its  original  figure  after  the  cessation  of  the  effort  by 
hich  it  has  been  accommodated  for  near  objects  is  probably  effected  by 
s  own  elasticity,  which  is  certainly  very  considerable.  The  other  and 
early  secondary  changes  which  have  been  observed  are  a  contraction  of 
-e  circular  fibres  of  the  Iris,  making  the  pupil  smaller — the  pupillary 
Ige  of  the  Iris  at  the  same  time  moving  forwards,  and  the  attached  or 
'-npheral  edge  (p)  backward.    The  forward  movement  of  the  plane  of 

See  on  this  subject,  Messrs.  Todd  and  Bowman's  "Physiological  Anatomy," 
n.p.  27;  and  Dr.  Clay  Wallace  on  "The  Adjustment  of  the  Eye  to  Distances," 
'w  York,  1851. 

+  A  full  confirmation  of  Helmholtz's  statements,  with  a  good  historical  resume  of 
e  whole  subject,  will  be  found  in  Prof.  Allen  Thomson's  "  Phenomena  and  Mecha- 
im  7,tDe  Focal  Adjustment  of  the  Eye  to  Distinct  Vision  at  Different  Distances" 
imphlet).  J 
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the  iris  amounts,  according  to  Knapp,*  to  about  1-1 2th  of  an  inch :  Czer 
mak  was,  however,  unable  to  perceive  any  arching  forward  of  the  iris,  am 
believes  that  its  plane  remains  perpendicular.      Lastly,  according  to 
Becker,|  the  points  of  the  ciliary  processes  retire  from  the  edge  of  the 
lens.   That  the  presence  of  the  Iris  is  not  indispensable  for  the  perfor- 
mance of  positive  accommodation,  is  shown  by  the  fact  that,  in  a  patient 
from  whom  Grafe  removed  the  whole  Iris,  this  faculty  remained  per- 
fect ;  and  a  similar  power  has  been  observed  to  exist  in  cases  of  con- 
genital absence  of  the  Iris. X — The  object  fulfilled  by  the  contraction  of 
the  pupil  in  adaptation  of  the  Eye  for  near  objects,  is  evidently  to  ex- 
clude the  outer  rays  of  the  cone  or  pencil,  which,  from  the  large  angle 
of  their  divergence,  would  fall  so  obliquely  on  the  convex  surface  of  the 
eye  as  to  be  much  affected  by  the  spherical  aberration,  and  thus  to 
allow  the  central  rays  only  to  enter  the  eye,  so  as  to  preserve  the  clear- 
ness of  the  image;  the  principle  being  exactly  the  same  as  that  on  which 
the  optician  applies  a  stop  behind  his  lenses,  which  reduces  their 
aperture  in  proportion  to  the  shortness  of  their  focal  distance.  The 
channel  through  which  this  action  is  effected,  is  evidently  the  same  as 
that  through  which  the  convergence  of  the  eyes  is  produced — namely, 
the  inferior  branch  of  the  Third  pair  of  nerves ;  to  the  action  of  which, 
the  sensations  received  through  the  retina  seem  to  afford  the  immediate 
stimulus,  in  the  same  manner  as  they  do  to  the  ordinary  variation  in 
the  diameter  of  the  pupil  under  the  influence  of  light ;  but  the  volun- 
tary determination  to  fix  the  vision  upon  the  object,  is  the  original 
source  of  the  action.    During  negative  accommodation, — in  other  words, 
in  viewing  distant  objects, — the  lens  (m)  becomes  flattened,  the  external 
margin  of  the  iris  is  brought  forward,  the  pupil  dilates,  and  the  tips  of 
the  ciliary  processes  are  approximated  to  the  margin  of  the  lens.  The  main 
instrument  in  effecting  these  changes  in  the  Eye  appears  to  be  the 
Ciliary  Muscle,  the  structure  and  attachments  of  which  were  first  clearly 
described  by  Mr.  Bowman.    It  consists  of  unstriped  muscular  fibre,  | 
partly  arranged  in  a  circular  manner,  the  innermost  fibres  running  I 
parallel  to  the  margin  of  the  Cornea,  and  partly  disposed  radially,  the 
fibres  of  the  latter  portion  of  the  muscle  appearing  to  be  connected  at 
their  origin  with  the  posterior  elastic  lamina  of  the  Cornea,  and  ex- 
ternally or  posteriorly  being  partly  inserted  into  the  Ii'is,  forming  the 
pillars  of  the  Iris  (Ligamentum  pectinatum  iridis),  partly  into  the 
Sclerotic  bounding  the  canal  of  Schlemm  (s,  Fig.  187),  and  partly  into 
that  part  of  the  outer  surface  of  the  choroid  tunic,  which  corresponds 
to  the  ciliary  processes.    The  mode  and  effects  of  the  contraction  oi| 
this  muscle  have  not  been  determined  with  perfect  certainty  ;  some,  aa 
Brlicke,  believing  the  anterior  attachment  to  be  the  origin,  or  fixea 
point,  towards  Avhich  in  contraction  the  posterior  extremity  is  drawn ; 
others,  as  Donders,  that  the  posterior  border  is  the  true  origin ;  anoj 
others  again,  as  Helmholtz,  considering  that  both  extremities  are  move^ 
able.    According  to  Cramer,  Donders,  H.  Muller,  and  others,  the  lensj 

*  "  Archiv  f.  Ophthalmol.,"  Bd  vi.  Abtheil.  ii.  p.  1. 

+  See  his  interesting  paper  in  Braun,  Duchek,  and  Schlagcr's  "Medizm.  Janro. 

18+4'See  Dr.  Soelberg  Wells'  instructive  paper  '  On  the  Paralysis  of  the  Muscles  of  thl 
Eye,'  in  the  "Ophthalmic  Hospital  Reports,"  vol.  ii.  1859-1860,  p.  199. 
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when  adapted  for  viewing  infinitely-distant  objects,  is  at  rest,  and  it  is 
only  when  near  objects  are  looked  at  that  a  change  is  impressed  on  the 
figure  and  position  of  the  lens ;  Cramer  attributing  this  effect  especially 
to  pressure  exerted  by  the  iris,  and  H.  Miiller  to  the  ciliary  muscle. 
Hehuholtz,  Arlt,  and  Jager,  on  the  contrary,  consider  that  the  lens  is 
flattened  in  viewing  distant  objects,  through  the  traction  exerted  by  an 
elastic  membranous  zonula  attached  to  its  edge.    "When  the  ciliary 
muscle  contracts,  which  occurs  in  viewing  near  objects,  the  posterior 
'  order  of  the  zonula  is  drawn  forward,  and  its  tension,  and  therefore 
the  flattening  power  it  exerts  upon  the  lens,  is  diminished.    A  third 
supposition  has  been  advanced  by  Henke  and  Langenbeck*  to  the  effect 
that  a  muscular  effort  is  required  in  arranging  the  Eye  for  viewing  both 
near  and  distant  objects,  the  former  being  accomplished  through  the 
contraction  of  the  circular  fibres,  the  latter  through  that  of  the  radial 
fibres  ;f  but  a  strong  argument  against  this  view  is  derived  from  the 
circumstance  that  no  fatigue  is  experienced  from  prolonged  direction  of 
the  Eye  to  distant  objects,  whilst  the  employment  of  the  visual  power 
upon  near  objects  for  some  time  is  accompanied  with  a  sense  of  effort, 
and  is  followed  by  fatigue.    It  may  be  remarked,  however,  that  a  re- 
markable set  of  striated  muscular  fibres  have  been  observed  by  Hjalmar 
Heiberg  J  to  constitute  part  of  the  zone  of  Zinn,  the  contraction  of 
which  would  apparently  effect  antero-posterior  compression  or  flatten- 
ing of  the  lens,  and,  therefore,  adaptation  for  viewing  distant  objects. 
The  movement  which  effects  the  change  of  form  of  the  crystalline  lens, 
■  is  performed  in  obedience  to  Volition,  and  is  guided  by  sensation ;  yet 
we  are  not  conscious  of  performing  it,  all  that  we  will  being  the  result : 
and  thus  we  have  another  apposite  illustration  of  the  really  automatic 
nature  of  what  are  termed  '  voluntary  movements '  generally  (§  545). 
The  time  occupied  in  accommodating  the  Eye  for  near  objects  is  greater 
;han  that  required  for  adapting  it  to  view  distant  objects.    According  to 
Aby  the  period  occupied  in  changing  the  accommodation  from  17  to  4£ 
nches  is  about  2  seconds,  whilst  in  changing  it  from  4|-  to  17  inches 
i  only  1-2  seconds  are  required.    Vierordt,  however,§  states  that  he  was 
ible  to  effect  the  accommodation  from  60  feet  to  4^  inches  in  about 
line-tenths  of  a  second,  and  from  4^  inches  to  60  feet  in  about  seven- 
enths  of  a  second.    Differences  in  age,  and  in  amount  of  practice,  are 
i  >robably  the  chief  causes  of  such  variations  in  the  results  of  different 
[observers;  accommodation  for  near  objects  being  always  accomplished 
I  nore  slowly  with  the  advance  of  years. — In  healthy,  or  as  Donders 
erms  them,  1  emmetropic'  eyes,  the  limits  of  clear  vision  lie  between  two 
I  )omts,  the  '  near-point'  and  the  '  far-point.'    The  former,  very  near  tho 
ye  in  infancy,  gradually  recedes  with  advancing  age  ;  and  Eellenberg  || 
>as  shown,  that  at  10  years  of  age  it  is  2f  inches  distant  from  the  front 
'f  the  cornea ;  at  20  years  of  age,  3f  in. ;  at  30,  4£  in. ;  at  40,  6f  in. ; 
t  o0,  J 2  in. ;  at  60,  24  in. ;  and  at  70,  144  inches.    The  '  far-point' 

*  Henle  and  Meissner's  "  Bericht,"  I860,  p.  561. 
I  ff        opinion  to  which  Grafe  seems  also  to  have  been  led  from  a  comparison  of  tho 
f-.t8  °f  belladonna  and  opium  upon  the  iris  and  upon  the  ciliary  muscle  (as  indicated. 
I  y+tiie  power  of  accommodation)  respectively. 

I    Archiv  f.  Ophth.,"  Bd.  xi.  1865,  Ahtheil.  iii.  p.  168. 

8  ttenle  and  Meissner's  "  Bericht,"  1857,  p.  547. 

b  uwBtatt'B  "  Jahresbcricht"  for  1862,  p.  157. 
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for  healthy  eyes  is  infinite  distance,  or  in  other  words,  the  refractive 
media  of  healthy  eyes  in  a  condition  of  repose  are  adapted  to  bring 
parallel  rays  to  a  focus  on  the  retina.  The  extent  of  the  range  of  vision 
for  each  eye  is  very  considerable,  amounting,  according  to  Korn  and 
Forster,*  in  the  horizontal  direction,  to  an  arc  of  130°,  and  in  the 
vertical  to  an  arc  of  116°. 

620.  When  both  eyes  are  fixed  upon  an  object,  their  axes  converge  so 
as  to  meet  in  it ;  and  the  degree  of  convergence  is  of  course  altered  by 
variations  in  the  distance  of  the  object;  since,  when  the  object  is  very 
remote,  the  optic  axes  are  virtually  parallel,  whilst  its  approach  causes 
them  to  incline  towards  each  other,  and  this  the  more  rapidly  as  the 
object  is  brought  nearer,  the  increase  being  the  greatest  when  it  has 
arrived  within  the  ordinary  distance  of  distinct  vision.  Here,  again,  we 
have  an  example  of  the  automatic  nature  of  voluntary  actions ;  for  the 
convergence  of  the  eyes  that  may  be  produced  by  this  gradual  approxi- 
mation of  an  object  on  which  the  eyes  are  kept-fixed  by  an  exercise  of 
the  Will,  far  exceeds  that  which  most  individuals  can  induce  by  an  effort 
made  directly  for  the  purpose ;  and  if,  when  an  object  has  thus  been 
gradually  approximated  to  within  a  few  inches  of  the  nose,  the  voluntary 
fixation  be  intermitted,  and  the  optic  axes  be  allowed  to  regain  their 
parallelism,  they  can  seldom  be  brought  to  converge  again  upon  it,  with- 
out repeating  the  whole  process. — It  has  been  thought,  from  the  close 
accordance  between  the  changes  required  for  the  adaptation  of  the  eyes 
to  distinct  vision  at  different  distances,  and  the  alterations  in  the  direction 
of  the  optic  axes  which  are  required  to  bring  the  two  eyes  to  bear  upon 
objects  at  varying  degrees  of  proximity  or  remoteness,  that  the  former  o 
these  movements  is  in  some  degree  dependent  upon  the  latter,  or,  at  any 
rate,  that  the  two  proceed  from  a  common  motor  impulse.  But  that  the 
convergence  of  the  axes  is  not  itself  in  any  way  the  occasion  of  the  altera- 
tion of  the  focus  of  the  eye,  is  shown  by  these  two  facts ;  first,  that  the 
adaptation  is  as  perfect  in  a  person  who  only  possesses  or  uses  one  eye,  < 
it  is  when  both  are  employed;  and  second,  that  some  persons  possess  the 
power  of  altering  the  focus  of  the  eyes  by  an  effort  of  the  will,  whilst  th 
convergence  remains  the  same. 

621.  The  ordinary  forms  of  defective  vision,  which  are  known  und~ 
the  names  of  Myopia  and  Presbyopia,  or  '  short-sightedness'  and  '  long 
sightedness,'  are  entirely  attributable  to  defects  in  the  optical  adaptatio 
of  the  eye.    In  the  former,  either  its  antero-posterior  diameter  is  to 
long,  or  its  refractive  power  is  too  great ;  the  rays  from  objects  at  th 
usual  distance  are  consequently  brought  too  soon  to  a  focus,  so  as 
cross  one  another  and  diverge  before  they  fall  upon  the  retina ;  whils 
the  eye  is  adapted  to  bring  to  their  proper  focus  on  the  retina,  onl 
those  rays  which  were  previously  diverging  at  a  large  angle,  from  a 
object  in  its  near  proximity.    Hence  a  '  short-sighted'  person,  whos 
nearest  limit  of  distinct  vision  is  not  above  half  that  of  a  person  o 
ordinary  sight,  can  see  minute  objects  more  clearly  ;  his  eyes  having, 
fact,  the  same  magnifying  power  which  those  of  the  other  would  posses 
if  aided  by  a  convex  glass  that  would  enable  him  to  see  the  object  di 
tinctly  at  the  shortest  distance.    But  as  the  myopic  structure  of  the  ey 
materially  diminishes  the  distance  of  his  far-point,  and  incapacitates  i 

*  Canstatt's  "  Jahresbericht"  for  1862,  p.  157. 
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possessor  from  seeing  objects  clearly  at  even  a  moderate  distance,  it  is 
desirable  to  apply  a  correction ;  and  this  is  done  by  simply  interposing 
between  the  object  and  the  eye  a  concave  lens,  of  which  the  curvature  is 
properly  adapted  to  compensate  for  the  excess  of  that  of  the  organ  itself. — 
On  the  other  hand,  in  the  presbyopic,  or,  as  designated  by  Donders,  the 
hypermetropic  eye  ;*  either  the  antero-posterior  diameter  of  the  globe  is 
too  short,  or  the  curvature  and  refractive  power  of  the  lens  are  not  suf- 
ficient to  bring  to  a  focus,  on  the  retina,  rays  which  were  previously 
divergent  in  a  considerable  or  even  in  a  moderate  degree  ;  and  indistinct 
vision  in  regard  to  all  near  objects,  is,  therefore,  a  necessary  consequence, 
whilst  distant  objects  are  well  seen.  This  defect  is  remedied  by  the  use 
of  convex  lenses,  which  make  up  for  the  deficiency  of  the  curvature. 
The  term  '  presbyopia,'  as  limited  by  Donders,  simply  expresses  a  de- 
ficient power  of  accommodation  in  the  eye,  resulting  from  increased 
density  of  the  lens,  or  from  defective  power  of  the  ciliary  muscle,  so 
that  the  '  near-point'  recedes  beyond  a  certain  point,  arbitrarily  fixed 
by  Donders  for  the  sake  of  convenience  at  eight  inches.    The  effects  of 
Atropine  upon  the  Eye  are  very  remarkable,  not  only  in  dilating  the 
pupil  to  the  utmost  in  the  course  of  from  twenty  to  twenty-five  minutes, 
but  in  completely  paralyzing  the  power  of  accommodation,  so  that  the 
'  near-point'  becomes  gradually  more  and  more  distant,  till  at  length  it 
coincides  with  the  '  far-point.'    The  Calabar  bean,  on  the  contrary, 
causes  extreme  contraction  of  the  pupil  in  the  course  of  from  thirty  to 
forty  minutes,  the  '  far-point,'  and  in  many  eyes  the  '  near-point'  also, 
becoming  approximated  to  the  eye,  though  the  power  of  accommodation 
is  never  altogether  lost.    Both  of  these  agents  appear  to  exert  a  stimu- 
lating as  well  as  a  paralyzing  influence  on  the  nerves  supplied  to  the 
Iris ;  atropine  paralyzing  the  third  and  exciting  the  sympathetic  nerve, 
whilst  the  Calabar  bean  paralyzes  the  sympathetic  and  excites  the  third."j" 
— We  commonly  meet  with  myopia  in  young  persons,  and  with  pres- 
byopia in  old ;  but  this  is  by  no  means  the  invariable  rule ;  for  even 
aged  persons  are  sometimes  '  short-sighted,'  and  '  long-sightedness'  is 
occasionally  met-with  amongst  the  young.    In  choosing  spectacles  for 
the  purpose  of  correcting  the  errors  of  the  eye,  it  is  of  great  conse- 
quence not  to  make  an  over-compensation ;  for  this  has  a  tendency  to 
increase  the.  defect,  besides  occasioning  great  fatigue  in  the  employment 
of  the  sight.    It  may  be  easily  found  when  a  glass  of  the  right  power 
has  been  selected,  by  inquiring  of  the  individual  whether  it  alters  the 
apparent  size  of  the  objects,  or  only  renders  them  distinct.    If  it  alter 

*  The  term  Presbyopia  is  limited  by  Donders  to  the  condition  in  which,  as  the  result 
of  the  increase  of  years,  the  range  of  accommodation  is  diminished,  and  the  vision  of 
near  objects  is  interfered  with.  Myopia  and  Presbyopia  are,  therefore,  by  no  means 
opposite  conditions ;  they  may  even  co-exist,  as  in  an  eye  which  can  only  see  accu- 
rately from  20"  to  14"  ;  for  here  the  farthest  point  of  distinct  vision  is  situated  at  too 
short  a  distance  (Myopia) ;  the  nearest  point  at  too  great  a  distance  (true  Presbyopia), 
ihe  really  opposite  condition  to  Myopia  is  Hypermetropia,  in  which  the  principal  iocus 
falls  behind  the  retina,  as  in  Myopia  it  falls  in  front  of  the  retina. — See  Bonders' 
treatise  on  "  Accommodation  and  Refraction  of  the  Eye,"  New  Syd.  Soc.  Trans.,  1864, 
!  PP-  84  and  210. 

.  t  See  the  Essays  of  Rogow,  in  Henle  and  Pfeuffer's  "  Zeitschrift,"  Bd.  xxix.  1867, 
P ■  1 ;  Bernstein  in  idem,  p.  35 ;  Dr.  Argyll  Robertson  on  Calabar  Bean,  "  Trans,  of 
Koyal  Soc.  of  Edin.,"  vol.  xxiv.;  V.  Grafe,  "  Archiv  f.  Ophth.,"  Bd.  ix.  Heft  iii. 


696  OF  THE  OKGANS  OF  THE  SENSES,  AND  THEIR  FUNCTIONS. 


Fig.  188. 


the  size  (increasing  it,  if  it  be  a  convex  lens,  and  diminishing  it,  if  it  be 
a  concave),  its  curvature  is  too  great;  whilst  if  it  do  not  disperse  the 
haze,  it  is  not  sufficiently  powerful.  In  general  it  is  better  to  employ 
a  glass  which  somewhat  under-compensates  the  eye,  than  one  whose 
curvature  is  at  all  too  high ;  since,  with  the  advance  of  years  in  elderly 
persons,  a  progressive  increase  in  power  is  required ;  whilst,  as  young 
persons  grow-up  to  adult  age,  they  should  endeavour  to  dispense  with 
the  aid  of  spectacles. — Many  other  interesting  inquiries,  respecting  the 
action  of  the  Eye  as  an  optical  instrument,  suggest  themselves  to  the 
Physical  philosopher ;  but  the  foregoing  are  the  chief  in  which  the 
Physiologist  is  concerned ;  and  we  shall  now  proceed,  therefore,  to  con- 
sider the  share  which  the  Nervous  apparatus  performs  in  the  phenomena 
of  vision. 

622.  The  Optic  Nerve,  at  its  entrance  into  the  eye,  divides  itself  into 
numerous  small  fasciculi  of  ultimate  fibrils;  and  these  appear  to  spread 

themselves  out,  and  to  inosculate  with 
each  other  by  an  exchange  of  fibrils,  so  as 
to  form  a  net-like  plexus,  which  consti- 
tutes the  inner  layer  of  the  Retina 
(Fig.  188,  7)  in  immediate  contact  with 
the  '  limitary  membrane'  (8).  There  is 
considerable  difficulty,  however,  in  the 
precise  determination  of  the  course  of 
the  nerVe-fibres  in  the  Retina,  on  account 
of  their  minute  size  and  the  alteration 
in  their  characters.  Although  uni- 
formly much  smaller  than  ordinary 
nerve-fibres,  they  present  considerable 
diversities  in  size,  the  largest  of 
them  being  only  about  l-6000th  of  an 
inch  in  diameter,  whilst  the  smallest 
are  no  more  than  from  l-30,000th  to 
l-50,000th  of  an  inch.  It  is  considered 
by  Mr.  Bowman  that,  tike  the  fibres  of 
the  Olfactive  tract  (§  613),  they  consist 
of  axis-cylinders  without  sheaths.  Ex- 
ternally to  the  stratum  of  nerve-fibres, 
which  may  be  called  the  Optic  layer, 
is  a  vesicular  stratum,  called  the  gan- 
glionic layer  (Fig.  188,  6),  which  con- 
sists of  a  finely -granular  matrix,  wherein 
are  imbedded  nerve-cells  exactly  re- 
sembling those  of  the  Encephalon, 
and  having,  like  them,  a  variable 
number  of  processes,  some  of  which  appear  to  become  continuous  wit 
the  fibres  about  to  be  described.  It  is  to  these  fibrous  and  vesicuiai 
layers  of  the  Retina,  which  together  make-up  the  analogue  of  the  cor  i- 
cal  substance  of  the  Cerebrum,  that  the  principal  supply  ol  wooa  ^ 
distributed,  by  the  minute  capillary  network  (Fig.  189),  wine 
spread-out  through  their  substance.  Immediately  external  to 
ganglionic  layer  is  the  granular  layer  (  0  or  the  layer  of  grey  vesic 


Vertical  fleotion  of  Retina  of  the  Human 
liye  :— 1,  bacillar  layer  j  2,  outer  granular 
l:vyer;  3,  intermediate  fibrous  layer;  4, 
inner  granular  layer;  5,  finely-granular 
grey  layer;  6,  layer  of  nerve-cells;  7, 
layer  of  fibres  of  optic  nerve ;  8,  limitary 
membrane. 
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Fig.  189. 


Distribution  of  Capillaries  in  the  Vas- 
cular layer  of  the  Retina. 


matter  of  Mr.  Bowman,  and  this  again  is  succeeded  by  the  layer  of 
inner  granules  (4),  the  inter-granule  layer  (3),  or  membrana  fenestrata 
of  Krause,  the  outer  layer  of  granules  (a),  or  the  myelocytes  of  Ch. 
Kobin,  which  often  present  a  remarkable  striated  appearance,  and  finally 
the  layer  of  rods  and  cones  (1)  often  also  termed  the  bacillary  layer,  or, 
after  its  discoverer,  Jacob's  membrane. 
The  rods  and  cones  are  each  composed  of 
an  outer  and  of  an  inner  segment,  which 
are  separated  from  one  another  by  a  bright 
transverse  line.     The  outer  segment  is 
called  the  shaft,  and  is  doubly  refractile, 
the  inner  is  the  body  or  appendage,  and  is 
singly  refractile.  Mr.  Hulke  describes  the 
t  shafts  of  the  rods  in  the  retina  of  the  frog 
j-as  long  rectangles,  having  a  mean  length 
:of  1-900"  and  a  mean  breadth  of  1-4500". 
Ritter*  gives  the  length  of  the  shafts  of 
■he  rods  in  man  at  1—500"  for  an  adult 
md   1-757"  for   a*n  infant,    and  their 
L.iiameter  at  1-8333",  whilst  the  length 
L.  )f  the  cones  he  estimates  at  1-833"  and 

heir  diameter  about  1-4166".    The  appendage  of  the  rods  is  trian- 
;  pilar,  easily  separates  from  the  shaft,  and  by  its    inner  pointed 
tixtremity  perforates  the  external  limiting  membrane  of  the  areolar 
I  ramework,  and  becomes  continuous  with  an  outer  granule.  Ritter, 
I  vrause,  and  others,  describe  a  filament  occupying  the  axis  of  the 
The  shafts   are   very   speedily  and  remarkably  altered  by 
with  water  or  other  reagents.    The  shafts  of  the  cones  are 
than  those  of  the  rods,  the  appendages  are  flask-shaped, 
many   animals  present  at  their  outer  extremity  a  brilliant 
or  red  bead.     Each  outer  granule  appears  to  send  a  fibre 
wards  which  is  really  a  prolongation  of  the  rods  or  cones,  but  its 
irther  course  is  not   quite  accurately   ascertained.     The  proper 
:  ervous  structures  are  permeated  and  supported  by  a  stroma  of  con- 
ecting  tissue,  which  is  bounded  externally  and  internally  by  the  mem- 
ranae  limitantes,  the   external  limiting  membrane  corresponding  to 
ie  inner  extremity  of  the  rods  and  cones  or  line  of  detachment  of 
acob's  membrane  ;  and  the  internal  limiting  membrane  (8)  resting  on 
ie  hyaloid.    Between  the  two  membranes  radial  fibres  exist,  which 
>nstitute  the  so-called  fibres  of  Miiller,  and  present  a  nucleus  at  their 
nor  extremity,  distinguished  from  the  analogous  nervous  elements  by 
ieir  form,  structure,  and  absence  of  protoplasm.    The  latest  view 
I  ven  by  a  skilled  microscopical  observer  is  shown  in  Fig.  190,  which 
i  presents  diagrammatically  the  structure  of  the  retina  as  drawn  by 
I  rause.    Here  a  pigment  cell,  p,  belonging  to  the  retina  is  connected 
I  ith  a  rod.    The  external  segment  of  this  is  homogeneous,  the  internal 
I  ntains  an  ellipsoidal  body  and  an  axial  fibre.  Close  beside  it  is  a  cone> 
l  ated  on  the  membrana  limitans  externa,  the  inner  segment  of  which 
I  ntains  a  cone  ellipsoid  and  a  needle,  n.    The  rod  and  cone  are  each 
I  nnected  by  a  proper  fibre  with  one  of  the  cells  of  the  membrana 
*  Wecker,  "Etudes  Ophthalmol.,"  torn.  ii.  p.  40,  1866. 
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Fig.  190. 


fenestrata,  mf.  Each  of  these  rod  and  cone  fibres  contains  a  rod  or  cone 
nucleus  ;  the  former  exhibit  three,  the  latter  five,  strongly  refracting 
transverse  striae.  The  cells  of  the  membrana  fenestrata  are  connected 
with  the  membrana  limitans  interna,  m  I  i,  by  means  of  a  thick  radial 
fibre  on  which  an  oval  nucleus  is  seated.  In  the  fenestra  of  the  cell 
mf  lies  one  of  the  nuclei  of  the  outer  portion  of  the  inner  granular 
layers.  The  nervous  elements  represented  by  the  multipolar  ganglion 
cell>  9  fft  as  weu  as  the  optic  fibrilla,  o  p,  are  indicated  by  dotted  outlines. 
The  connection  of  the  nucleus,  g  r  i,  with  a  prolongation  of  a  ganglion 
cell  is  presumed  to  take  place.    It  will  be  observed  that  Krause  regards 

the  hexagonal  pigment  cells  of  the  choroid  as 
really  belonging  to  the  retina,  and  the  layer 
which  was  formerly  termed  the  inter-granular 
layer,  as  consisting  of  flat  branched  cells,  to 
which  he  has  applied  the  term  membrana  fenes- 
trata. The  spaces  or  fenestra  of  this  layer  are 
occupied  by  the  outer  cells  of  the  inner  granu- 
lar layer.  It  is  remarkable  that  section  of  the 
optic  nerve  in  the  living  animal  is  followed  by 
degeneration  of  all  the  elements  of  the  retina 
except  the  bacillary  layer,  which  thus  scarcely 
seems  to  belong  to  the  true  nerve  tissues. 

623.  There  are  two  spots  in  the  Retina,  in  I 
Avhich  the  arrangement  of  the  foregoing  com- 
ponents is  essentially  different ;  and  from  these 
differences,  important  physiological  conclusions 
may  be  drawn.     One  of  these  is  the  slight 
eminence  at  which  the  Optic  nerve  enters,  which  I 
is  a  little  below  and  internal-to  the  posteriori 
extremity  of  the  axis  of  the  eye;  here  all  the! 
other  elements  than  the  nerve  fibres  are  en- 1 
tirely  wanting.     The  other  is  the  '  yellow  spot! 
of  Soemmering,'  which  is  situated  in  the  exact  centre  of  the  retina;! 
here  the  stratum  of  optic  fibres  is  wanting,  the  nerve-cells  being  inj 
immediate  contact  Avith  the  limitary  membrane ;  the  granular  layer! 
is  deficient   in  the  centre,  so  that  the  pigment  of  the  choroid  isj 
visible  through  it ;    but  the  bacillar  layer  is  everywhere  continuous, 
the  ordinary  'rods,'    however,  having    their   places   entirely  occu- 
pied by  the    'cones,'  whose   extremities   abut   upon   the  external 
surface,  instead  of  being  removed  from  it  as  elsewhere. — Now  it  13 
not  a  little  remarkable,  that  the  point  of  the  entrance  of  the  Optic! 
nerve  should  be  deficient  in  the  power  of  receiving  distinct  visual  im-J 
pressions  (§  641)  ;  whilst  the  '  yelkyw-spot '  is  the  most  sensitive  portioij 
of  the  entire  Retina.    And  hence  it  seems  unequivocally  to  follow,  thatl 
these  impressions  cannot  act  primarily  upon  the  nerve- fibres ;— -a  con -j 
elusion  Avhich  harmonizes  with  the  fact,  that  the  fibres  of  the  optic  neryd  j 
are  superimposed  upon  each  other  in  the  stratum  which  they  form,  n 
such  numbers  that  it  is  not  conceivable  that  they  should  be  the  P"10^ 
recipients  of  luminous  impressions,  since  their  transparency  must  allovl 
rays  of  light  to  penetrate  from  one  portion  of  the  layer  to  another.  Inj 
bacillary  layer  was  formerly  regarded  as  a  reflecting  apparatus,  having 
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for  its  purpose  to  stop  the  further  passage  of  light,  and  to  intensify  its 
influence  on  the  true  retina ;  but  since  its  connection  with  the  proper 
nervous  elements  of  the  retina  has  been  established,  there  seems  much 
ground  for  believing  (with  Prof.  Kblliker)  that  its  rods  and  cones  are 
the  primary  recipients  of  luminous  impressions,  and  that  they  communi- 
cate their  condition  to  the  fibres  of  the  optic  nerve,  by  means  of  their 
own  delicate  fibrous  prolongations,  which  seem  to  come  into  more  or 
less  direct  connection  with  its  ultimate  ramifications.  This  supposition 
harmonizes  well  with  the  idea  recently  put-forth,  that  the  obliquity  of 
the  rods  is  such  as  to  make  them  all  point  towards  '  the  centre  of  direction' 
of  the  visual  rays  (§§  616,  642)  ;  and  that  it  is  through  this  instrumen- 
tality, that  we  are  guided  in  our  appreciation  of  the  relative  directions 
of  different  objects,  as  Articulated  animals  probably  are  by  the  impres- 
sions made  on  the  individual  ocelli  of  their  compound  eyes,  since  the 
object  whose  rays  pass-down  any  one  of  these,  xnust  always  be  in  the 
direction  of  its  axis.* 

624.  The  limits  of  Human  Vision,  as  regards  the  minuteness  of  the 
objects  of  which  it  can  take  cognizance,  have  been  investigated  by  Professor 
Ehrenberg,  with  the  view  of  calculating  the  ultimate  power  of  the  Micro- 
scope. |  In  opposition  to  the  generally-received  opinion,  Ehrenberg 
arrived  at  the  conclusion  that,  in  regard  to  the  extreme  limits  of  vision, 
there  is  little  difference  amongst  persons  of  ordinarily -good  sight,  what- 
ever may  be  the  focal  distance  of  their  eyes.  The  smallest  square  mag- 
nitude usually  visible  to  the  naked  eye,  either  of  white  particles  on  a 
black  ground,  or  of  black  upon  a  white  or  light-coloured  ground,  is  about 
the  l-405th  of  an  inch.  It  is  possible,  by  the  greatest  condensation 
of  light,  and  excitement  of  the  attention,  to  recognize  magnitudes 
between  the  1  -405th  and  1 -540th  of  an  inch,  but  without  sharpness  or 
certainty.  Bodies  which  are  smaller  than  these  cannot  be  discerned 
with  the  naked  eye  when  single,  but  may  be  seen  when  placed  in  a  row. 
Particles  which  powerfully  reflect  light,  however,  may  be  distinctly  seen, 
when  not  half  the  size  of  the  least  of  the  foregoing  ;  thus  gold  dustj  of 
the  fineness  of  1-1 125th  of  an  inch,  may  be  discerned  with  the  naked 
eye  in  common  daylight.  The  delicacy  of  vision  is  far  greater  for  lines 
than  for  mere  points ;  since  opaque  threads  of  l-4900th  of  an  inch  in 
diameter  (about  half  the  diameter  of  the  Silk- worm's  fibre)  may  be  dis- 
cerned with  the  naked  eye,  when  held  towards  the  light.  The  size  of 
the  retinal  image  in  these  cases  must  be  exceedingly  small.  In  some  of 
Bergmann's  experiments  it  was  found  that  black  and  white  chequers  of 
l-25th  of  an  inch  square  could  be  discerned  at  such  a  distance  that  the 
retinal  image  of  each  square  could  not  have  exceeded  half  the  diameter 
of  one  of  the  cones  of  the  bacillary  layer.§ — The  degree  in  which  the 
attention  is  directed  to  them,  has  a  great  influence  on  the  readiness  with 
which  very  minute  objects  can  be  perceived ;  and  Ehrenberg  remarks 
that  there  is  a  much  greater  difference  amongst  individuals  in  this  re- 
spect, than  there  is  in  regard  to  the  absolute  limits  of  vision.  Many 

*  See  the  very  ingenious  "  Essai  sur  les  Phosphenes,"  by  Dr.  Serre,  Paris,  1853. 
T  Taylor's  "  Scientific  Memoirs,"  vol.  i.  p.  576.    See  also  Helmholtz,  "  Physiolog. 
Optik,"  1860. 

+  Ehrenberg  mentions  that  he  obtained  the  finest  particles  of  gold,  by  scraping  gilt 
a  \i      fihng  pure  gold,  he  always  obtained  much  coarser  particles. 
&  Henle  and  Meissner's  "Bcricht,"  1857,  p.  559. 
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persons  can  distinctly  see  such  objects,  when  their  situation  is  exactly 
pointed-out  to  them,  who  cannot  otherwise  distinguish  them ;  and  the 
same  is  the  case  with  persons  of  acuter  perception,  with  respect  to 
objects  at  distances  greater  than  those  at  which  they  can  see  most  clearly. 
"  I  myself,"  says  Ehrenberg,  "  cannot  see  l-2700th  of  an  inch, 
black  or  white,  at  twelve  inches'  distance;  but  having  found  it  at. 
four  or  five  inches'  distance,  I  can  remove  it  to  twelve  inches,  and 
still  see  the  object  plainly."  Similar  phenomena  are  well  known  in 
regard  to  a  balloon  or  a  faint  star  in  a  clear  sky,  or  a  ship  in  the 
horizon :  we  easily  see  them  after  they  have  been  pointed-out  to  us ; 
but  the  faculty  of  readily  descrying  objects  depends  on  the  habit  of  using 
the  eyes  in  search  of  them,  and  of  attending  to  the  sensory  impressions 
thus  received  (§  644).  Aubert*  found  that  the  excitability  of  the  retina 
for  extremely  feeble  stimuli  rapidly  attained  a  high  degree  when  a  dark 
room  was  entered,  though  a  slight  increase  in  sensitiveness  continued  to 
take  place  for  a  considerable  period  if  the  sojourn  in  it  were  protracted. 
A  wire  heated  by  electricity  was  first  discovered  when  at  a  temperature 
of  about  666°  F.  In  another  series  of  experiments  he  found  that  the 
feeblest  illumination  of  the  field  of  vision  that  could  be  recognized, 
was  about  equal  to  that  of  the  planet  Venus  when  brightest,  or  to  the 
white  light  of  day  admitted  into  a  chamber  through  an  opening  forty- 
one  seconds  square.  Small  surfaces,  however,  always  require  considerably 
greater  illumination,  in  order  that  they  should  be  perceived,  than  large. 
625.  The  amount  of  light  admitted  .to  the  Eye  is  regulated  by  the 

contraction  and  dilatation  of 
the  Pupil,  the  smallest  diame- 
ter of  which  is  about  l-20th, 
and  its  largest  about  l-3rd 
of  an  inch.  The  muscular 
structure  of  the  Human  Iris 
is  entirely  of  the  non-striated 
kind,  being  composed  of  the 
elongated  fibre-cells  with  staff- 
shaped  nuclei  which  are  cha- 
racteristic of  that  variety. 
Part  of  these  are  so  disposed 
as  to  form  a  circular  sphincter 
(Fig.  191,  a),  which  can  be 
readily  seen  in  the  iris  of  the 
white  rabbit,  or  in  the  blue 
iris  of  man  from  which  the 
uvea  has  been  removed,  ini- 
sur  rounding  the 


Fig. 191. 


Muscular  structure  of  the  Iris  of  a  White  Rabbit :— n,  "     J  .  , 

sphincter  of  the  pupil;  6,  b,  radiating  fasciculi  of  dilator    pupillary     margin      w  ■»« 


mediately 


muscle ;  c,  c,  conne"ctive  tissue  with  fts  corpuscles.  breadth"  of    about  one-third 

of  a  line.  The  fibres  of  this  sphincter  are  not  absolutely  parallel, 
especially  at  the  outer  margin,  where  they  seem  to  become  continuous 
with  those  of  the  radiating  fasciculi  (b  b),  which  may  be  traced  troui 
this  sphincter  (though  usually  with  difficulty)  to  the  outer  margm 


of  the  iris,    sometimes    anastomosing   with  each 


1  Physiologic  der  Nctzhaut,"  1864. 
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course.*    The  contraction  of  the  annular  fibres,  whereby  the  diameter 
of  the  pupil  is  diminished,  is  effected,  as  already  explained  (§  510), 
through  the  instrumentality  of  the  Third  pair  of  nerves ;  the  contraction 
of  the  radiating  fibres,  on  the  other  hand,  whereby  the  pupil  is  dilated, 
is  under  the  government  of  the  cervical  portion  of  the  Sympa- 
thetic, being  called-forth  (as  MM.  Budge  and  Waller  have  shownf) 
by  irritation  of  the  trunk  of  the  Sympathetic  in  the  neck,  or  of  the 
lower  part  of  the  cervical  portion  of  the  Spinal  Cord,  by  the  magneto- 
electric  apparatus ;  whilst  section  of  the  Sympathetic  produces  a  per- 
manent contraction  of  the  pupil,  the  action  of  the  Third  pair  being  then  no 
longer  antagonized.    It  appears  from  other  experiments,  that  the  fibres 
through  which  this  movement  is  effected,  pass  through  the  Gasserian 
Ganglion,  and  are  distributed  to  the  eye  by  the  ophthalmic  branch  of 
the  Fifth  pair  (§  491).    The  contraction  of  the  Pupil  is  a  reflex  action, 
induced  by  excitation  of  the  retina,  and  acting  through  the  nervous 
circle  formed  by  the  optic  nerves  and  the  third  pair  of  cerebral  nerves. 
It  answers  the  purpose,  as  we  have  seen,  not  merely  of  excluding  super- 
fluous light  from  the  eye,  but  also  of  cutting  off  the  most  divergent  rays 
when  the  object  is  brought  near  the  refracting  surface  (§  618),  and  of 
thus  preventing  the  indistinctness  of  vision  which  would  result  from  their 
admission.    For  although,  when  the  Eye  is  at  rest,  parallel  rays  come 
to  a  focus  on  the  Retina,  divergent  or  convergent  rays  proceeding  from 
any  point  come  to  a  focus  either  behind  or  in  front  of  that  membrane, 
forming  upon  it  what  is  termed  a  "circle  of  dissipation";  but  by  cutting 
off  the  outermost  rays  and  permitting  the  entrance  of  those  only  which 
are  nearly  parallel,  the  magnitude  of  such  circles  is  materially  di- 
minished, and  vision  correspondingly  improved.    It  is  interesting  to 
observe  that  contraction  of  the  pupil  is  effected  with  greater  rapidity 
than  dilatation,  a  matter  of  some  importance  in  sudden  alternations  from 
.Light  to  darkness.    Contraction  of  the  pupil  may  also  be  induced  by 
powerfully  converging  the  optic  axes  as  in  squinting  inwards  ;  by  strong 
accommodation  of  the  eyes  for  near  objects,  and,  as  already  stated,  by 
certain  poisons,  as  the  Calabar  bean,  nicotin,  opium,  &c. — M.  Brown- 
SequardJ  has  shown  that  the  Irides  of  various  animals  may  be  directly 
iffected  by  Heat  and  Light.    Thus  if  the  eyes  of  dogs,  cats,  or  rabbits, 
either  soon  after  death  or  shortly  after  their  removal  from  the  body, 
?e  suddenly  exposed  to  an  alteration  of  temperature  amounting  to  50° 
)r  60°  F.,  if  the  pupil  be  contracted,  it  expands,  though  on  the  contrary. 
I  f  it  be  in  the  first  instance  dilated,  it  speedily  contracts.    These  effects 
I  >f  heat  have  not  been  observed  either  in  Man  or  the  Mammalia  during 
\  ife.    As  regards  the  direct  action  of  Light,  Brown-S£quard  found  that 
E  ''he  Irides  of  eels  and  frogs  which  had  been  removed  for  several  (even 
nxteen)  days  from  the  body  in  winter,  as  well  as  the  Irides  of  mammals 
j  ind  birds  for  a  short  time  after  death,  contracted  on  exposure  to  the 
I  ight  of  the  sun  or  of  a  candle  ;"  this  effect  being  produced  even  when 
|  he  posterior  half  of  the  eye  had  been  cut  off,  and  when,  therefore,  there 

*  See  Prof.  Kijllikev's  "  Mikroskopische  Anatoraie,"  Bd.  ii.  §  272;  and  Jos.  J. 
J  Jster  s  '  Observations  on  the  Contractile  Tissue  of  the  Iris,' in  "Quart.  Journ.  of 
f  ncroscop.  Science,"  vol.  i.  p.  8. 

t  "Gazette  Medicale,"  1851,  Nos.  41,  44. 
+    Journal  de  la  Physiologic,"  1859,  vol.  ii.  p.  294. 
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could  have  been  no  reflex  action.  The  yellow  rays  appeared  to  have 
the  greatest  energy.  These  remarkable  phenomena  prove,  at  all  events 
that  the  contraction  of  the  pupil  is  not,  as  has  occasionally  been  main- 
tained, exclusively  due  to  vascular  turgescence.  The  cause  of  the  effect 
produced  by  Light  is  difficult  to  explain,  but  that  occasioned  by  Heat 
may  perhaps  be  attributed,  as  Brown- Sequard  suggests,  to  the  circum- 
stance that  a  contracted  muscle  has  less  power  than  one  in  a  state  of 
extension,  so  that  if  a  stimulus  act  equally  on  both,  when  previously 
nicely  balanced  in  point  of  strength,  the  uncontracted  muscle  will  exert 
the  greater  force,  and  consequently  overpower  the  contracted  muscle. 
Dilatation  of  the  pupil  may  be  caused  by  strong  irritation  of  sensory 
nerves,  and  occurs  during  violent  muscular  effort,  and  in  dyspnoea,  as 
well  as  from  the  action  of  belladonna. 

626.  The  sense  of  Vision  depends,  in  the  first  place,  on  the  excitement 
of  our  sensational  consciousness  by  the  ocular  picture  impressed  upon  the 
retina,  which  represents  the  outlines,  lights  and  shades,  colours,  and 
relative  positions  of  the  objects  before  us  ;  and  all  the  ideas  respecting  the 
real  forms,  distances,  &c.  of  bodies,  which  we  found  upon  these  data,  are 
derived  through  the  perceptions,  either  instinctively  or  experientially 
suggested  by  sensations.    Many  of  these  ideas  are  derived  through  the 
combination,  in  our  minds,  of  the  Visual  perceptions,  with  those  derived 
from  the  sense  of  Touch.    Thus,  to  take  a  most  simple  illustration,  the 
idea  of  smoothness  is  one  essentially  tactile ;  and  yet  it  constantly  occurs 
to  us,  on  looking  on  a  surface  which  reflects  light  in  a  particular  manner. 
But  if  it  were  not  for  the  association  Avhich  experience  leads  us  to  form, 
of  the  connection  between  polish  as  seen  by  the  eye,  and  smoothness  as 
felt  by  the  touch,  we  should  not  be  able  to  determine,  as  we  now  can  do, 
the  existence  of  both  these  qualities,  from  an  impression  communicated  to 
us  through  either  sense  singly. — The  general  fact  that,  in  Man,  the 
greater  part  of  those  notions  of  the  external  world,  by  which  his  actions 
in  the  adult  state  are  guided,  are  acquired  by  the  gradual  association  of 
the  two  sets  of  perceptions  derived  through  the  Sight  and  through  the 
Touch,  is  substantiated  by  amply-sufficient  evidence ;  this  being  chiefly 
derived  from  observations  made  upon  persons  born  blind,  to  whom  sight 
has  been  communicated  by  an  operation,  at  a  period  of  life  which 
enabled  them  to  give  an  accurate  description  of  their  sensations.  The 
case  recorded  by  Cheselden  is  one  of  the  most  interesting  of  these.  The 
youth  (about  twelve  years  of  age),  for  some  time  after  tolerably-distinct 
vision  had  been  obtained,  saw  everything  flat  as  in  a  picture,  simply 
receiving  the  consciousness  of  the  impression  made  upon  his  retina ;  and 
it  was  some  time  before  he  acquired  the  power  of  judging,  by  his  sight, 
of  the  real  forms  and  distances  of  the  objects  around  him.    An  amusing 
anecdote  recorded  of  him,  shows  the  complete  want  which  there  is  in 
Man,  of  any  natural  or  intuitive  connection  between  the  ideas  formed 
through  visual  and  through  tactile  sensations.    He  was  well  acquainted 
with  a  Dog  and  a  Cat  by  feeling,  but  could  not  remember  their  respec- 
tive characters  when  he  saw  them  ;  and  one  day,  when  thus  puzzled,  he 
took  up  the  Cat  in  his  arms,  and  felt  her  attentively,  so  as  to  associate 
the  two  sets  of  ideas,  and  then  setting  her  down,  said,  "  So  puss,  I  aha 
know  you  another  time."— A  similar  instance  has  come  under  tne 
Author's  own  knowledge;  but  the  subject  of  it  was  scarcely  old  enoug 
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to  present  phenomena  so  striking.  One  curious  circumstance  was  re- 
marked of  him,  which  fully  confirms  (if  confirmation  were  wanting)  the 
view  here  given.  For  some  time  after  his  sight  was  tolerably  clear,  the 
lad  preferred  finding  his  way  through  his  father's  house  (to  which  he  had 
been  quite  accustomed  when  blind)  by  touch  rather  than  by  sight,  the 
use  of  the  latter  sense  appearing  to  perplex  instead  of  assisting  him  ;  but, 
when  learning  a  new  locality,  he  employed  his  sight,  and  evidently  per- 
ceived the  increase  of  facility  which  he  derived  from  it.* — The  actions 
performed  by  many  new-born  animals  do  not  constitute  any  valid 
objection  to  the  view  that  such  visual  perceptions  are  for  the  most 
part  acquired  by  Man ;  for  all  that  is  indicated  by  them  is,  that  certain 
sensations  give-rise  to  movements  adapted  to  supply  the  wants  to  which 
they  relate ;  and  they  do  not  afford  any  proof  that  definite  notions,  such 
as  we  entertain,  of  the  forms  and  properties  of  external  objects,  are  pos- 
sessed by  the  animals  which  exhibit  them. — We  shall  now  examine,  a 
little  more  in  detail,  into  the  means  by  which  we  gain  such  notions,  and 
;the  data  on  which  they  are  founded. 

627.  The  first  point  to  be  determined,  is  one  which  has  been  a  fruitful 
source  of  discussion, — the  cause  of  erect  vision,  the  picture  upon  the 
retina  being  inverted  ;  and  with  this  is  connected  the  general  question 
jf  the  origin  of  our  Sense  of  Direction. — The  difficulty  which  has  been 
•aised  in  regard  to  the  former  subject,  is  rather  apparent  than  real ;  being 
bunded  on  an  erroneous  notion  of  the  nature  of  the  Visual  sense.  For 
t  seems  to  have  been  supposed  that  we  look  at  the  retinal  picture  with 
:  he  '  mind's  eye,'  just  as  we  look  at  the  picture  formed  by  a  Camera  with 
he  bodily  eye ;  and  that  our  consciousness  must  be  therefore  impressed 
I  >y  its  discordance  with  the  information  which  we  receive  through  our  sense 
;  >f  Touch.  Some  philosophers,  indeed,  have  actually  gone  so  far  as  to  assert 
lat  the  Infant  must  at  first  see  everything  inverted,  and  that  the  erect- 
jbiess  of  visual  objects  is  only  learned  by  the  corrective  experience  gained 
L  >y  touching  and  handling  them.    But  such  is  clearly  not  the  case ;  for 
fche  visual  perception  is  obviously  not  a  mere  transfer  of  the  sensorial 
impression,  but  is  a  mental  state  excited  by  it,  and  therefore  related  to  it 
M  an  effect  to  its  cause  ;  and  we  know  no  reason  why  it  should  be  less 
|:  atural  for  the  retinal  picture  to  suggest  to  the  mind  the  notion  of  erect 
position,  than  for  it  to  have  the  contrary  effect.  Moreover,  it  will  appear 
.  :om  investigations  to  be   hereafter  detailed  (§  642),  that   there  is 
j  i  the  eye  a  common  '  centre  of  direction,'  through  which  all  lines  must 
hass,  that  are  drawn  from  any  points  of  an  external  object  to  the  corre- 
I  ponding  points  of  its  retinal  image  ;f  and  that  we  immediately  refer  the 
I  rnse  of  the  excitation  of  any  spot  of  the  retina  by  a  luminous  impression, 
| )  an  objective  source  in  the  '  line  of  direction'  which  passes  from  that  spot 
irough  the  centre  of  direction ;  so  that,  in  virtue  of  this  '  law  of  visible 

*  The  question  has  been  proposed,  whether  a  person  born  blind,  who  was  able  by 
I  'e  sense  of  Touch  to  distinguish  a  cube  from  a  sphere,  would,  on  suddenly  obtaining 
r  8  Sight,  be  able  to  distinguish  them  by  the  latter  sense.  This  question  was  answered 

'+  w-6  *n  ^e  neSat^ve ;  and>  as  appears  from  the  facts  above  stated,  with  justice. 

T  With  regard  to  the  precise  situation  of  this  1  centre  of  direction,'  there  is  a  want 
f  acc°nlance  among  those  who  have  attempted  to  determine  it ;  some  having  placed 
I  in  the  centre  of  the  pupil,  others  in  the  centre  of  the  crystalline  lens,  others  at 
I  n?U8T°"tances  between  this  and  the  centre  of  the  globe,  and  others  (among  them 
I  T  V.  Brewster)  in  the  centro  of  the  globe.    This  last  notion,  with  the  '  law  of  visible 
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direction,'  as  all  the  lines  of  direction  cross  each  other  both  vertically 
and  laterally,  the  formation  of  an  inverted  image  upon  our  retina  suggests 
to  our  minds  the  representation  of  the  object  in  its  erect  position  and 
the  same  reversal  takes-place  also  in  regard  to  its  two  sides,  which  are 
transposed  in  the  retinal  picture.  A  peculiar  arrangement  of  the  re- 
ceptive apparatus,  which  seems  to  be  subservient  to  this  mental  appre- 
ciation of  direction,  has  been  already  noticed  (§  621). 

628.  The  cause  of  Single  Vision  with  the  two  Eyes  has,  in  like  manner 
been  the  subject  of  much  discussion ;  and  here,  too,  the  difficulty  is  rather 
apparent  than  real,  having  for  its  foundation  the  idea  that  the  mind 
looks  at  the  two  retinal  pictures  as  at  two  separate  objects,  instead  of 
being  impressed  by  a  certain  state  of  the  Sensorium,  which  may  be 
excited  through  the  instrumentality  of  either  eye,  or  through  that  of 
both  in  combination.  Some  have  even  asserted,  under  the  influence  of 
this  idea,  that  we  do  not  really  employ  both  eyes  simultaneously,  but 
that  the  mind  is  affected  by  the  image  communicated  by  one  only ;  which 
might  seem  to  be  confirmed  by  the  fact  sufficiently  well  ascertained 
respecting  the  alternate  use  of  the  two  eyes,  when  they  are  looking 
through  two  differently-coloured  media.  But  of  this  assertion  a  com- 
plete disproof  is  afforded  by  the  knowledge  we  now  possess  (§  627),  that 
our  appreciation  of  the  solid  forms  of  bodies  depends  on  the  combination, 
by  the  Mind,  of  the  images  simultaneously  suggested  by  the  two  pic- 
tures ;  and  that  our  knowledge  of  distances  is  in  great  part  obtained  in 
like  manner. — Attempts  have  been  made  to  explain  the  phenomena  of 
Single  Vision  by  the  peculiar  decussation  of  the  Optic  Nerves  formerly 
described  (§520);  it  being  supposed  that  only  one  Optic  Ganglion  would 
be  affected  by  an  impression  made  upon  both  Retina?.*  This  explanation, 
however,  even  supposing  the  fact  to  be  as  stated,  would  be  far  from 
affording  the  solution  of  the  problem ;  and  it  would  be  entirely  inappli- 
cable to  that  very  important  series  of  phenomena  to  be  next  described, 
which  show  how  large  an  amount  of  information  we  derive,  not  from  the 
repetition,  but  from  the  difference,  of  the  sensory  impressions  made  by  the 
same  object  upon  our  two  retina? ;  and  which  indicate  that  here,  as  in 
the  case  of  erect  vision,  the  mental  interpretation  of  the  sensory  impres- 
sions is  a  process  altogether  removed  from  the  simple  affection  of  the 

direction'  founded  upon  it, — which  affirms  that  every  object  is  seen  in  the  direction  of 
the  perpendicular  (or  radius)  to  every  point  of  the  retina  which  is  impressed, — is  so 
manifestly  wrong,  that  it  is  difficult  to  conceive  how  it  could  ever  have  been  enter- 1 
tained  by  men  of  science.  The  experimental  investigations  of  Listing  indicate  a| 
point  near  the  centre  of  the  crystalline  as  the  '  centre  of  direction.'  (§616.)  jj 
*  This  decussation  seems  to  be  even  more  complete  than  was  formerly  supposed,  tori 
in  various  experiments  made  by  Dr.  Waller  upon  the  effects  of  section  of  one  °Pnc| 
nerve,  it  was  found  that  the  Optic  Tract  upon  the  same  side  as  the  lesion,  showed  nol 
signs  of  degeneration,  whilst  that  of  the  opposite  side  soon  underwent  disorganization! 
with  the  exception  of  a  few  strands  on  the  inner  and  posterior  aspect ;  thus  counte-i 
nancing  the  opinion  that  there  are  commissural  fibres  passing  between  the  corP°M 
quadrigemina  of  the  two  sides,  but  negativing  the  view  that  some  of  ^  the  bores  iroi 
each  retina  run  to  the  corpora  quadrigemina  on  their  own  side.  Dr.  \\  alter  is  inc  i  "j 
to  think,  therefore,  that  the  decussation  is  complete.  It  is  important  to '  ob^erve' •  J 
in  these  experiments  the  anterior  portion  of  the  divided  nerve,  with  the  re  _1 
elements,  remained  unchanged  for  many  weeks.  See  "Proceedings  ot  tieiiji 
Society,"  vol.  viii.  On  the  other  hand,  the  reader  may  refer  to  some  cu"Tfrti  iPfiSJ 
partial  Amaurosis  recorded  by  Mr.  Towne  in  the  "  Guy's  Hospital  Reports  lor  io  j 
p.  127. 
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consciousness  by  those  impressions,  and  is  not  to  be  accounted  for  by 
any  structural  arrangements  of  the  Sensorial  apparatus.    One  condition 
of  Single  Vision,  however,  seems  to  be  this,  that  the  two  images  of  the 
object  should  be  formed  on  parts  of  the  two  retinas  which  are  accustomed 
to  act  in  concert ;  and  habit  appears  to  be  the  chief  means  by  which 
this  conformity  is  produced.    There  can  be  no  doubt,  however,  that 
double  images  are  continually  being  conveyed  to  the  Sensorium ;  but 
that,  from  their  want  of  force  and  distinctness,  and  from  the  attention 
being  fixed  on  something  else,  we  do  not  take  cognizance  of  them.  This 
may  be  shown  by  a  very  simple  experiment.    If  two  fingers  be  held-up 
before  the  eyes,  one  in  front  of  the  other,  and  vision  be  directed  to  the 
more  distant,  so  that  it  is  seen  singly,  the  nearer  will  appear  double ; 
while,  if  the  nearer  one  be  regarded  more  particularly,  so  as  to  appear 
single,  the  more  distant  will  be  seen  double.    A  little  consideration  will 
mow,  therefore,  that  our  minds  must  be  thus  continually  affected  with 
sensations,  which  cannot  be  united  into  the  idea  of  a  single  image ;  since, 
whenever  we  direct  the  axes  of  our  eyes  towards  any  object,  almost 
werything  else  will  be  represented  to  us  as  double  ;  but  we  do  not  ordi- 
narily perceive  this,  from  our  minds  being  fixed  upon  a  clear  and  distinct 
mage,  and  disregarding,  therefore,  the  vague  undefined  images  formed 
>y  objects  not  in  the  visual  focus.     Of  this  it  is  very  easy  to  satisfy  one's- 
elf.    It  has  been  found  by  Gehler,  J.  Miiller,  and  others,  that  those 
bjects  which  do  not  appear  double  when  a  given  point  is  fixedly  regarded 
.re  situated  in  a  certain  circular  line,  termed  the  Horopter,  of  which  the 
hord  is  formed  by  the  distance  between  the  eyes,  whilst  the  magnitude 
[  f  the  circle  is  determined  by  three  points — namely,  by  the  two  eyes  and 
he  point  towards  which  their  axes  converge.  Prof.  Helmholtz,  however, 
i  onsiders  that  generally  the  Horopter  is  a  line  of  double  curvature,  pro- 
i  uced  by  the  intersection  of  two  hyperboloids,  or,  exceptionally,  of  two 
-  lane  curves ;  and  that  when  we  look  straight  forward  to  a  point  of  the 
orizon,  the  Horopter  becomes  a  horizontal  plane  passing  through  our 
|  iet — being,  in  fact,  the  ground  on  which  we  are  standing.    The  form 
:  ad  situation  of  the  Horopter  appear  to  be  of  great  practical  impor- 
tance in  enabling  us  to  judge  with  accuracy  of  the  shape  and  distance  of 
.lose  objects  which  are  situated  in  it.* — The  above  experiment,  more- 
j.ver,  makes  it  evident  that  double  vision  cannot  result  from  want  of 
I  mmetry  in  the  position  of  the  images  upon  the  retina,  to  which  some 
|  ave  attributed  it ;  for  it  answers  equally  well,  if  the  line  of  the  two 
:  Lagers  be  precisely  in  front  of  the  nose,  so  that  the  inclination  of  both 
t  yres  towards  either  object  is  equal;  the  position  of  the  images  of  the 
J  icond  object  must  then  be  at  the  same  distance  on  either  side  from  the 
mtral  line  of  the  retina,  and  yet  they  are  represented  to  the  mind  as 
ouble.    Hence,  too,  it  seems  clear  that  singleness  of  vision  in  an  object 
j  'at  is  looked-at,  is  also  dependent  in  part  upon  the  convergence  of  the  optic 
mes  in  that  object  (§  620);  and  that  this  is  the  case  appears  further  from 
j  curious  experiment  devised  by  Prof.  Wheatstone,  in  which  two  similar 
r  >jects  are  made  to  seem  as  one,  when  they  are  placed  in  the  line  of  con- 
.  'rgence.    This  is  accomplished  by  looking  through  two  tubes,  placed 

|  *  See  Mailer's  "Physiology,"  translated  by  Dr.  Baly,  vol.  ii.  p.  1196;  also  the 
oonmn  Lecture  for  1864,  delivered  before  the  Koyal  Society,  by  Professor 
2.mholtz,  in  vol.  xiii.  of  the  "  Proceedings  of  the  Royal  Society." 
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before  the  right  and  left  eyes  respectively,  at  two  similar  objects  of  any 
description,  placed  near  the  farther  extremities  of  the  tubes ;  if,  now, 
these  objects  be  slightly  approximated,  so  that  the  axes  of  the  tubes 
(still  directed  towards  them)  meet  in  a  point  beyond,  the  mind  is 
impressed  with  the  image  of  only  a  single  object,  and  this  appears  to  be 
removed-back  to  the  point  of  convergence. 

629.  On  the  mode  in  which  our  notion  of  the  solid  forms  and  relative 
projection  of  objects  is  acquired,  great  light  has  been  thrown  by  the 
interesting  experiments  of  Prof.  Wheatstone.*  It  seems  perfectly  evident, 
both  from  reason  and  experience,  that  the  flat  picture  upon  the  retina, 
which  is  the  immediate  source  of  our  sensation,  could  not  itself  convey 
to  our  minds  any  notion,  but  that  of  a  corresponding  plane  surface.  In 
fact,  any  notion  of  solidity,  which  might  be  formed  by  a  person  who  had 
never  had  the  use  of  more  than  one  eye,  would  entirely  depend  upon  the 
combination  of  his  visual  and  tactile  sensations.    This  view  is  fully  con- 
firmed by  the  case  already  referred-to  (§  626),  as  recorded  by  Cheselden. 
The  first  visual  idea  entertained  by  the  youth  was,  that  the  objects  around 
him  formed  a  flat  surface,  which  touched  his  eyes,  as  they  had  previously 
been  in  contact  with  his  hands ;  and  after  this  notion  had  been  corrected, 
through  the  education  of  his  sight  by  his  touch,  he  fell  into  the  converse 
error  of  supposing  that  a  picture,  which  was  shown  to  him,  Avas  the 
object  itself  represented  in  relief  on  a  small  scale. — But  where  both  eyes 
are  employed,  it  has  been  ascertained  by  Prof.  Wheatstone,  that  they 
concur  in  exciting  the  perception  of  solidity  or  projection,  which  arise' 
from  the  mental  combination  of  the  two  dissimilar  pictures  formed  upo 
the  two  retinae.    It  is  easily  shown,  that  any  near  object  is  seen  in  tw 
different  modes  by  the  two  eyes.    Thus  let  the  reader  hold-up  a  tl 
book,  in  such  a  manner  that  its  back  shall  be  exactly  in  front  of  his  nose, 
and  at  a  moderate  distance  from  it ;  he  will  observe,  by  closing  first  on 
eye  and  then  the  other,  that  his  perspective  view  of  it  (or  the  manner 
which  he  would  represent  it  on  a  plane  surface)  is  very  different,  accord 
ing  to  the  eye  with  which  he  sees  it.    With  the  right  eye  he  will  see  i 
right  side,  very  much  fore-shortened  ;  with  the  left  he  will  gain  a  corre 
sponding  view  of  the  left  side ;  and  the  apparent  angles,  and  the  length 
of  the  different  lines,  will  be  found  to  be  very  different  in  the  tw 
views.    On  looking  at  either  of  these  views  singly,  no  other  notio 
of  solidity  can  be  acquired  from  it,  than  that  to  which  the  mind 
conducted,  by  the  association  of  such  a  view  with  the  touch  of  th 
object  which  it  represents.    But  it  is  capable  of  proof,  that  the  metita 
association  of  the  different  pictures  upon  the  two  retinas,  does  of  itsel 
give  rise  to  the  idea  of  solidity.     This  proof  is  afforded  by  Pro 
Wheatstone's  ingenious  instrument,  the  Stereoscope,  first  described  b 
him  in  1838.f 

*  "  Philosophical  Transactions,"  1838  and  1852. 
t  Various  modifications  of  this  instrument  have  been  subsequently  introduced 
and  there  is  one  which  has  come  into  very  extensive  use,  in  which  the  tw 
monocular  pictures  placed  side  by  side,  as  in  Figs.  192,  193,  are  viewed  by  the  t 
eyes  respectively  through  two  halves  of  a  convex  lens.  The  great  advantage  ot  tn 
instrument  is  its  portability,  and  its  enlargement  of  the  pictures  by  the  magniKin 
power  of  the  lenses  ;  but  it  is  limited  to  pictures  of  small  size,  since  the  distance  J 
tween  corresponding  points  of  the  two  pictures  must  not  exceed  the  distance  betwee 
the  centres  of  the  two  eyes  ;  and  it  is  incapable  of  many  adaptations  which  can 
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630.  The  Stereoscope  in  its  original  form  essentially  consists  of  two 
plane'  mirrors,  inclined  with  their  backs  to  one  another  at  an  angle  of 
90°.  If  two  perspective  drawings  of  any  solid  object,  as  seen  at  a  given 
distance  with  the  two  eyes  respectively,  such  as  those  at  a  and  b, 
Fi^.  192,  be  so  placed  before  these  mirrors,  one  before  each,  that  their 

Fig.  192. 


two  images  shall  be  made  to  fall  upon  the  corresponding  parts  of  the  two 
etinse,  in  the  same  manner  as  the  two  images  formed  by  the  solid  object 
"tself  would  have  done,  the  mind  will  perceive,  not  a  single  representa- 
'on  of  the  object,  nor  a  confused  blending  of  the  two,  but  a  projecting  or 
receding  surface,  the  exact  counterpart  of  that  from  which  the  drawings 
ere  made.*    The  solid  form  is  forcibly  impressed  on  the  mind,  even 
hen  outlines  only  are  given,  especially  if  these  be  delineations  of  simple 
geometrical  figures,  easily  suggested  to  the  mind ;  and  it  may  be  readily 
hown  that  the  very  same  outlines  will  suggest  different  conceptions, 
according  to  the  mode  in  which  they  are  placed.    Thus  in  Fig.  193,  the 
upper  part  of  figures  a,  b,  when  combined  in  the  Stereoscope,  excite  the 
idea  of  a  projecting  truncated  pyramid,  with  the  small  square  in  the  centre, 
*nd  the  four  sides  sloping  equally  away  from  it ;  whilst  the  lower  pair 
figures,  c,  D,  which  are  the  same  as  the  upper,  but  transferred  to  the 
opposite  sides,  no  less  vividly  bring  before  the  mind  the  visual  conception 
of  a  receding  pyramid,  still  with  the  small  square  in  the  centre,  and  the 
four  sides  sloping  equally  towards  it. — Prof.  Wheatstone  has  further 
'hown,  by  means  of  the  Stereoscope,  that  similar  images,  differing  to  a 
certain  extent  in  magnitude,  when  presented  to  the  corresponding  parts 

ti]Q  mirror-stereoscope. — In  the  Stereomonoscope  of  Claudet  the  ide«a  of 
ehef  is  obtained  by  looking  with  both  eyes  at  once  on  a  ground  glass  plate  at  the 
mage  produced  by  the  coalescence  of  the  two  images  of  a  stereoscopic  slide,  each  re- 
raf  e<i  by  a  separate  lens.— See  "  Proceed,  of  Koyal  Society,"  vol.  ix.  1857-59,  p.  194. 

The  most  striking  effect  is  produced  by  two  Photographic  pictures,  taken  at  the 
an?e  time  by  two  cameras,  so  placed  that  their  axes  shall  form  the  same  angle  with 
;ach  other  as  that  which  the  axes  of  the  two  eyes  would  form  when  looking  at  the 
•ame  object.  This  adaptation,  though  the  credit  has  been  assumed  by  others,  was 
■nginally  devised  by  Prof.  Wheatstone. 
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of  the  two  retina?,  give-  rise  to  the  perception  of  a  single  object,  inter- 
mediate in  size  between  the  two  monocular  pictures.  Were  it  not  for 
this,  objects  would  appear  single  only  when  at  an  equal  distance  from 
both  eyes,  so  that  their  pictures  upon  the  retina  are  of  the  same  size  • 
which  will  not  happen  unless  they  are  directly  in  front  of  the  median 
line  of  the  face.  Again,  if  pictures  of  dissimilar  objects  be  simultaneously 
presented  to  the  two  eyes,  the  consequence  will  be  similar  to  that  which 
is  experienced  when  the  rays  come  to  the  eye  through  two  differently 
coloured  media ;  the  two  images  do  not  coalesce,  nor  do  they  appear 
permanently  superposed  one  upon  the  other ;  but  at  one  time  one  image 
predominates  to  the  exclusion  of  the  other,  and  then  the  other  is  seen 
alone ;  and  it  is  only  at  the  moment  of  change  that  the  two  seem  to  be 
intermingled.  It  does  not  appear  to  be  in  the  power  of  the  Will,  Prof. 
Wheatstone  remarks,  to  determine  the  appearance  of  either  ;  but  if  one 
picture  be  more  illuminated  than  the  other,  it  will  be  seen  during  a 

Fig.  193. 
a  n 


larger  portion  of  the  time.  If,  however,  the  differences  in  the  two 
pictures  be  such  that  the  Mind  can  reconcile  them,  an  intermediate  con- 
ception is  formed ;  thus  if  two  photographic  portraits  be  taken  at  the 
proper  angle  for  the  Stereoscope,  not  simultaneously  but  consecutively, 
and  the  '  sitter '  alter  his  expression  in  the  interval,  so  that  one  of  the 
portraits  represents  him  with  a  smile,  and  the  other  with  a  frown,  the 
Stereoscopic  image  will  present  an  intermediate  expression  of  placidity. 
Many  other  curious  experiments  with  this  simple  instrument  are  related 
by  Prof.  Wheatstone  ;  and  they  will  go  to  confirm  the  general  conclusion, 
that  the  combination  of  the  dissimilar  images  furnished  by  the  two  eyes 
is  a  mental  act,  the  resultant  of  which,  in  the  case  of  all  objects  that  are 
near  enough  to  be  seen  in  different  perspective  with  the  two  eyes,  is 
a  mental  image  (referred  to  the  visual  sense)  possessing  the  attributes  o 
solidity  and  projection.  In  regard  to  distant  objects,  however,  the  dif- 
ference in  the  images  formed  by  the  two  eyes  is  so  slight,  that  J*  °anl1° 
aid  in  the  determination  ;  and  hence  it  is,  that  whilst  we  have  no  dirhculfy 
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in  distinguishing  a  picture,  however  well  painted,  from  a  solid  object, 
when  placed  near  our  eyes  (since  the  idea  which  might  be  suggested  by 
the  image  formed  on  one  eye  will  then  be  corrected  by  the  other),*  we 
are  very  liable  to  be  misled  by  a  delineation  in  which  the  perspective, 
light  and  shade,  &c,  are  faithfully  depicted,  if  we  are  placed  at  a  distance 
from  it,  and  are  prevented  from  perceiving  that  it  is  hit  a  picture,  f  In 
this  case,  however,  a  slight  movement  of  the  head  is  sufficient  to  undeceive 
us  ;  since  by  this  movement  a  great  change  would  be  occasioned  in  the 
perspective  view  of  the  object,  supposing  it  to  possess  an  uneven  surface ; 
whilst  it  scarcely  affects  the  image  formed  by  a  picture.  In  the  same 
manner,  a  person  who  only  possesses  one  eye,  may  obtain,  by  a  slight 
motion  of  his  head,  the  same  idea  of  the  form  of  a  body  which  another 
would  acquire  by  the  simultaneous  use  of  his  two  eyes. J 

631.  Our  appreciation  of  the  relative  Distances  of  near  objects  seems 
to  be  derived  in  like  manner  from  the  mental  combination  of  the  percep- 
tions derived  from  the  dissimilar  pictures  upon  the  two  retinas,  assisted 
by  the  sensations  derived  from  the  muscles  of  the  eyeballs,  which  are  put 
in  action  to  bring  the  optic  axes  into  the  requisite  convergence.  How 
much  our  right  estimation  of  the  relative  distances  of  objects  not  too  far 
removed  from  the  eye,  depends  upon  the  joint  use  of  both  eyes,  is  made 
evident  by  the  fact,  that,  if  we  close  one  eye,  we  find  ourselves  unable 
to  execute  with  certainty  many  actions  (such  as  threading  a  needle,  or 
snuffing  a  candle)  which  require  its  guidance.  In  proportion  as  the 
object  is  approximated  to  the  eyes,  slight  differences  of  distance  produce 
marked  differences  in  the  degree  of  convergence,  and  these  are  readily 
appreciated  so  as  to  afford  the  means  of  very  nice  discrimination  ;  whilst, 
on  the  other  hand,  in  proportion  as  they  are  removed  further  and  further, 
do  the  optic  axes  approach  parallelism,  and  the  power  of  appreciating 
differences  of  distance  is  lost.  It  is  the  usual  opinion  that  the  muscular 
sensation  which  accompanies  the  inclination  of  Ihe  optic  axes,  immediately 
suggests  the  notion  of  the  distance  of  an  object ;  and  that  our  appreciation 
of  its  size  depends  upon  a  secondary  interpretation  of  the  magnitude  of 
its  picture  on  the  retina,  on  the  basis  of  this  notion.  But  it  would  appear 
from  the  experiments  of  Prof.  Wheatstone,  that  the  reverse  is  the  case ; 
the  sensation  of  convergence  assisting  in  the  first  instance  to  determine 
the  size,  and  the  appreciation  of  distance  being  a  secondary  judgment 
based  on  this  foundation  (§  631). — The  power  of  estimating  distance  from 
the  foregoing  data,  however,  is  obviously,  in  Man,  not  an  intuitive  but 
an  acquired  endowment ;  for  it  is  evident  to  any  observer,  that  infants, 
or  older  persons  who  have  but  recently  acquired  sight,  form  very  im- 
perfect ideas  respecting  the  distance  of  objects  ;  their  attempts  to  grasp 

It  is  a  remarkable  illustration  of  this  principle,  that  a  photographic  representation 
ofa  landscape,  building,  &c,  when  viewed  with  one  eye  at  a  moderate  distance,  fre- 
quently brings  the  real  scene  far  more  forcibly  before  the  mental  vision  than  when  it 
is  looked-at  with  both  eyes  ;  since,  in  the  latter  case,  the  mind  cannot  avoid  perceiving 
the  flatness  of  its  surface  ;  whilst,  in  the  former,  the  perspective,  and  tbe  distribution 
of  the  lights  and  shadows,  aie  free  to  suggest  to  the  mind  the  relative  distances  and 
projections  of  the  several  parts. 

t  This  delusion  has  been  extremely  complete,  in  some  of  those  who  have  seen  the 
panoramic  view  of  London  in  the  Colosseum.  A  lively  and  interesting  account  of  it 
is  given  in  the  Journal  of  the  Parsee  Shipbuilders,  who  visited  England  some  years  ago. 

?  lor  many  interesting  experiments  with  the  stereoscope,  see  Mr.  T.  Towne  in 
'  ^u>'h  Hospital  Keports"  for  1862  and  1863. 
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bodies  Avhich  attract  their  attention  being  for  a  long  time  unsuccessful  so 
that  they  only  gradually  learn  to  measure  distances  by  the  sight,  through 
the  medium  of  the  touch.  And  it  seems  to  follow  from  this,  that  even 
the  notion  of  projection,'  which  Ave  seem  necessarily  to  form  when  looking 
at  a  solid  object  within  a  moderate  distance,  or  at  a  properly-adjusted 
pair  of  Stereoscopic  pictures,  is  not  derived  from  an  original  intuition  but 
is  the  result  of  the  association  of  our  visual  with  our  tactile  experience 
very  early  in  life,  so  as  to  constitute  a  '  secondary  intuition '  on  which  all 
our  subsequent  appreciation  of  projection  is  based. 

632.  In  regard  to  remote  objects,  our  judgment  of  Distance  is  chiefly 
founded  upon  their  apparent  size,  if  their  actual  size  be  known  to  us  • 
but,  if  this  be  not  the  case,  and  if  we  are  so  situated  that  we  cannot  judge 
of  the  intervening  space,  Ave  principally  form  our  estimate  from  that  effect 
of  different  degrees  of  remoteness  upon  the  distinctness  of  their  colour  and 
outline,  Avhich  is  known  to  Artists  as  '  aerial  perspective.'  Hence  this 
estimate  is  liable  to  be  greatly  affected  by  varying  states  of  the  atmosphere, 

Fig.  194. 


as  is  particularly  known  to  every  one  who  has  visited  warmer  climates; 
where  the  extreme  clearness  of  the  air  sometimes  brings  into  apparently- 
near  proximity  a  hill  that  rises  some  miles  beyond  a  neighbouring  ridge 
(the  intervening  space  being  hidden,  so  as  not  to  afford  any  datum  for 
the  estimate  of  the  distance  of  the  remote  hill),  whilst  a  slight  haziness 
carries  its  apparent  distance  to  three  or  four  times  the  reality.  Addi- 
tional means  of  judging  of  the  distance  of  remote  objects  pointed-out  by 
Aubert,*  are  found  in  their  parallax  or  apparent  change  of  place,  on  the 
alteration  of  our  OAvn  position  with  regard  to  them,  and  in  the  rate  oi 
moA'ement,  both  absolute  and  relative,  of  the  objects  themselves,  if  they 
happen  to  be  in  motion. 

633.  Our  estimate  of  the  Size  of  a  remote  object  is  partly  dependent 
upon  the  visual  angle  under  which  Ave  see  it,  and  partly  upon  our 
*  "  Physiologic  tier  Net/.haut,"  1864,  p.  17. 
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estimate  of  its  distance*    The  '  visual  angle,'  formed  by  imaginary  lines 
drawn  from  the  eye  (Fig.  194,  a)  to  the  extreme  points,  b,  c,  of  the 
object,  is  the  measure  of  the  dimension  of  its  image  upon  the  retina; 
and  it  is  obvious  that,  if  two  objects,  b  c,  d  e,  the  former  twice  the 
length  of  the  latter,  be  placed  at  the  same  distance,  the  visual  angle 
b  a  c  being  twice  as  great  as  the  angle  d  a  e,  the  image  of  b  c  upon  the 
retina  will  be  twice  as  long  as  that  of  D  E,  and  the  mind  will  estimate 
their  relative  sizes  accordingly.    But  if  the  distance  of  the  object  d  e 
from  the  eye  be  diminished  to  one-half,  so  that  it  is  brought  into  the 
position  F  G,  its  visual  angle,  and  consequently  the  size  of  its  image  on 
the  retina,  will  now  be  equal  to  that  of  B  C;  and  the  estimate  we  form  of 
the  relative  sizes  of  the  two,  will  entirely  depend  upon  the  idea  we 
entertain  of  their  relative  distances.     Hence  any  circumstance  which 
modi  ties  that  idea,  produces  a  corresponding  difference  in  our  estimate 
of  their  size  ;  so  that  the  apparent  size  of  an  object,  seen  under  a  given 
visual  angle,  may  be  estimated  as  larger  or  smaller  than  the  reality, 
according  as  we  suppose  it  to  be  more  or  less  distant  than  it  really  is. 
Of  this  we  have  a  familiar  instance  in  the  fact,  that  if  we  meet  a  child 
whilst  we  are  walking  across  a  common  in  a  fog  (the  flatness  of  the 
ground  not  giving  us  much  power  of  estimating  the  intervening  space), 
it  appears  to  have  the  stature  of  a  man,  and  a  man  seems  like  a  giant ; 
for  the  indistinctness  of  outline  causes  the  mind  to  conceive  of  the  figures 
as  at  a  greater  distance  than  they  really  are,  and  their  apparent  dimen- 
sions are  augmented  in  like  proportion.    For  if  the  object  v  G  (Fig.  194) 
be  mentally  carried-back  to  the  distance  of  D  e,  being  still  seen  under 
the  visual  angle  fag  (or  b  a  c),  it  will  appear  to  possess  the  length 
b  c  instead  of  d  e.     On  the  other  hand,  if  the  object  b  c  were  to  be 
mentally  br  ought-forward  into  the  position  k  l,  its  apparent  size  being 
still  determined  by  its  visual  angle,  it  will  seem  to  be  reduced  to  the 
length  f  g. 

63 1.  That  our  estimate  of  the  Size  of  near  objects,  however,  depends 
upon  a  more  direct  process,  seems  to  be  a  necessary  inference  from  the 
following  very  ingenious  experiments,  made  by  Professor  Wheatstone 
with  a  modification  of  his  Mirror-Stereoscope,  devised  for  separately 
testing  the  influence  of  the  two  conditions, — namely,  the  magnitude  of 
the  retinal  picture,  and  the  degree  of  convergence  of  the  optic  axes, — 
which  are  ordinarily  in  action  together.  When  an  object  is  moved 
nearer-to  or  farther-from  the  eye,  its  perceived  or  estimated  magnitude 
undergoes  no  change.  But  if  two  pictures,  placed  in  the  mirror- 
stereoscope,  be  made  to  move  to  and  from  the  mirrors,  in  such  a  manner 
as  to  vary  their  distances  from  these  (and  therefore  from  the  eyes),  with- 
out altering  the  angle  of  convergence,  their  perceived  magnitudes  are 
augmented  and  reduced,  in  precise  proportion  to  the  increased  and 
diminished  sizes  of  the  retinal  pictures.  Conversely,  if  the  two  pictures 
be  made  so  to  change  their  places  in  regard  to  the  mirrors  (by  moving 

*  When  objects  are  so  remote  that  we  have  no  means  of  even  approximately  esti- 
mating their  distance,  we  have  no  measure  whatever  of  their  size.  Thus,  the  Sun  and 
the  Moon  are  of  nearly  the  same  apparent  size  to  us,  though  one  is  about  four  hundred 
times  the  distance  of  the  other;  and  we  may  cover  either  disc  with  a  sixpence  held 
near  the  eye,  so  as  to  be  seen  under  the  same  visual  angle  ;  but  we  do  not  possess  the 
least  power  of  estimating  the  actual  sizes  of  these  objects,  save  by  a  calculation  based 
on  a  knowledge  of  their  relative  distances. 
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in  a  horizontal  circle,  of  which  the  middle-point  between  the  mirrors  is 
the  centre),  that  the  angle  of  convergence  is  increased  or  diminished  as 
it  would  be  if  the  object  were  brought  nearer  to  the  eyes  or  removed 
farther  from  them,  the  perceived  magnitude  of  the  pictures  is  altered  in 
an  inverse  manner ;  being  reduced  when  the  angle  of  convergence  is 
increased,  and  increased  when  the  inclination  of  the  optic  axes  is  lessened 
so  as  to  approach  parallelism.    Thus  it  appears  that  the  absence  of 
alteration  in  the  perceived  magnitude  of  an  object  as  ordinarily  seen  at 
varying  distances,  is  the  result  of  the  inverse  action  of  these  two  kinds 
of  suggestion ;  for  the  enlargement  of  the  retinal  picture,  when  acting 
alone,  occasions  an  increase  in  the  perceived  magnitude,  whilst  an  in- 
crease of  convergence,  taking-place  by  itself,  diminishes  the  perceived 
magnitude  ;  and  thus,  as  these  alterations  occur  simultaneously  when  an 
object  is  approximated  to  the  eye,  its  dimensions  seem  to  undergo  no 
change  ;  as  will  also  be  the  case  when,  by  the  removal  of  the  object  to  a 
greater  distance,  these  conditions  are  again  made  to  vary  simultaneously, 
though  in  a  contrary  direction. — It  may  further  be  remarked,  that  in 
the  first  of  the  foregoing  experiments,  the  picture  whose  perceived 
magnitude  is  undergoing  enlargement  or  diminution  in  consequence  of 
the  alteration  of  its  retinal  magnitude,  seems  evidently  to  be  approaching 
or  receding ;  yet  if  we  fix  our  attention  on  it  when  it  is  stationary,  at 
any  instant,  it  appears  to  be  at  the  same  distance  at  one  time  as  at 
another, — the  effect  being  very  much  like  that  of  the  Phantasmagoria, 
in  which  the  alteration  in  the  size  of  the  images  on  the  screen  suggests 
the  notion  of  their  approach  or  recession,  although  we  are  quite  sensible 
that  the  distance  of  the  screen  from  our  eyes  remains  constantly  the 
same.    In  the  second  experiment,  on  the  other  hand,  the  picture  whose 
perceived  magnitude  is  undergoing  diminution  or  enlargement  in  con- 
sequence of  increase  or  lessening  of  the  angle  of  convergence,  does  not 
;ippear  either  to  approach  or  recede,  and  yet,  when  attentively  regarded 
in  different  fixed  positions,  it  is  felt  to  be  at  different  distances.  Hence, 
as  Professor  Wheatstone  observes,  convergence  of  the  optic  axes  suggests 
fixed  distance  to  the  mind,  whilst  variations  of  retinal  magnitude  suggest 
change  of  distance  ;  and,  however  paradoxical  it  may  seem,  "  we  may 
perceive  an  object  approach  or  recede,  without  appearing  to  change  its 
distance,  and  an  object  to  be  at  a  different  distance  without  appearing 
to  approach  or  recede."* — A  like  alteration  in  apparent  size  is  produced 
■when  two  pairs  of  figures  (such  as  those  given  in  Fig.  193),  the  effect  of 
one  of  which  is  to  suggest  a  'projecting,  and  that  of  the  other  a  receding 
form,  are  viewed  at  the  same  time  in  the  ordinary  Stereoscope.    For  it 
will  be  observed  that  the  relative  size  of  the  parts  which  appear  to 
project  is  reduced,  whilst  that  of  the  apparently-receding  parts  is 
augmented ;  as  is  particularly  the  case  with  the  square  truncated  end  of 
the  pyramid,  which  is  estimated  by  most  persons  as  from  one-third  to 
one-half  larger  in  each  of  its  dimensions  in  the  receding,  than  it  is 
in  the  projecting  pyramid,  notwithstanding  that  the  actual  sizes  of  t  le 
squares  in  the  two  sets  of  figures  are  precisely  the  same.    For  sup- 
posing h  i  (Fig.  194)  to  represent  the  real  side  of  one  of  the  sma 

*  See  "  Philos.  Transact.,"  1852,  pp.  2-5.    The  Author  thinks  it  well  to  add, .  that 
he  has  himself  verified  the  above  very  curious  results  ;  which  are  scarcely -lew n  am 
contributions  to  the  Physiology  of  Binocular  vision,  than  those  earlier  attaineo 
same  eminent  experimentalist. 
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L  squares,  which  becomes  the  truncated  end  of  the  pyramid ;  when  this  is 
I  brought- forward  by  the  mind  into  the  position  k  l,  as  the  truncated  top 
j  of  a  projecting  pyramid,  being  seen  under  the  visual  angle  hai,  its 
ipparent  size  is  reduced  to  f  g;  whilst,  on  the  other  hand,  the  very 
same  square,  carried-back  by  the  mind  to  the  distance  d  e,  as  when  it 
I  forms  the  truncated  end  of  the  receding  pyramid,  is  mentally  enlarged 
i  ,o  the  dimensions  b  c,  the  visual  angle  bac  being  the  same  as  h  a  I. 

635.  The  large  share  which  the  Mind  has  in  the  interpretation  of 
i  ven  such  visual  impressions  as  seem  to  us  necessarily  to  induce  particular 
[Jierceptions,  is  further  shown  by  a  very  remarkable  class  of  phenomena, 
ermed  by  Professor  Wheatstone  (their  discoverer)  Conversions  of 
It  lief.    The  simplest  example  of  this  class  is  presented  by  the  altera- 
Kaon  in  the  visual  product  of  the  same  Stereoscopic  pictures,  when  their 
ositions  are  transposed.     Thus  the  very  same  diagrams,  which  as 
A.  laced  in  the  upper  part  of  Fig.  193,  bring  before  the  mind's  eye  the 
ionception  of  a  projecting  pyramid,  when  changed  to  the  position  which 
ttiey  occupy  in  the  lower  part  of  that  figure,  call-up  the  image  of  a  re- 
iliiding  pyramid.    And  a  corresponding  effect  is  produced  by  the  re- 
ijbrsal  of  any  other  pair  of  Stereoscopic  pictures;  all  that  should  project 
•|  jing  made  to  recede,  all  that  should  recede  being  made  to  project, 
Y'ovidecl  the  converse  has  any  meaning  which  the  Mind  can  readily 

>  |  >preciate. — But  the  same  effects  may  be  produced,  if  the  objects  them- 
l  Ives  are  looked-at  by  an  instrument  devised  by  Professor  Wheatstone, 

I  d  termed  by  him  the  Pseudoscope ;  the  optical  effect  of  which  is,  to 
ii<J<  verse  the  ordinary  visual  relations  between  the  near  and  distant  parts 
i  g.  an  object ;  the  two  conditions  described  in  the  preceding  paragraph 

►  ring  combined  inversely,  so  that  as  an  object  or  part  of  an  object  is 
Rarer  the  eye,  its  larger  picture  on  the  retina  is  accompanied  by  a 
|  ninished  convergence  of  the  optic  axes.  When  the  impression  of  a 
I  '.1  is  looked-at  with  this  instrument,  it  is  converted  into  the  represen- 

I I  ion  of  the  seal  itself;  or,  if  the  seal  be  looked-at,  it  presents  the 
[  i.-ure  raised  in  relief,  as  in  its  ordinary  impression.  So,  the  inside  of 
1 1  'up  or  basin  appears  as  a  solid  convex  body ;   whilst  the  outside 

>ears  depressed  and  concave.    A  bust  regarded  in  front  becomes  a 
!  p  hollow  mask ;  whilst  the  interior  of  the  cast  of  a  face  presents  the 
i  |;iearance  of  the  face  in  its  ordinary  rebef.    A  china  vase,  ornamented 
I  Q  coloured  flowers  in  relief,  seems  like  a  vertical  section  of  the  in- 

I  or  of  such  a  vase,  with  hollow  impressions  of  the  flowers.  The  base 
t  •  brain  seems  concave,  like  the  interior  of  the  base  of  the  skull  which 
1 3  reflex;  and  the  latter  seems  convex  and  projecting,  like  the  base  of 

brain. — These  and  similar  appearances  are  not  always  immediately 
:eived ;  and  some  present  themselves  much  more  readily  than  others. 
J  3e  converse  forms  which  we  are  accustomed  actually  to  see,  or  which 
;  a  a  meaning  that  the  mind  can  easily  apprehend,  are  those  which  are 

I I  readily  perceived.  Thus,  the  illusion  which  may  be  produced 
»  a  bust  or  with  the  cast  of  a  face,  is  not  obtainable  even  by  a 

I  thened  pseudoscopic  contemplation  of  the  real  face,  which  we  cannot 
|  eive-of  as  thus  '  turned  inside- out.'  Another  very  interesting  fact 
|  iat  those  to  whom  the  illusion  does  not  at  first  present  itself,  usually 
|  it  suddenly  come  upon  them  after  a  little  time,  especially  if  they 
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object  under  its  changed  aspect.    And,  further,  when  the  conversion 
has  taken  place,  the  natural  aspect  of  the  object  continues  to  intrude 
itself,  sometimes  suddenly,  sometimes  gradually,  and  for  a  longer  or 
shorter  interval,  when  the  converse  will  again  succeed  it.    This  is  due 
to  the  involuntary  alternation  of  the  attention,  between  the  conception 
suggested  to  the  mind  by  the  visual  impressions  derived  from  both  eyes 
and  that  which  is  derived  from  either  eye  singly ;  the  latter,  moreover 
harmonizing-with  and  being  strengthened-by  our  recollection  of  the  object 
as  we  have  seen  it  before,  or  (if  it  be  new  to  us)  by  our  notion  of  its 
natural  appearance.    A  remarkable  illusion  in  respect  to  the  direction  of 
lines  is  exhibited  in  the  accompanying  diagram,  constructed  by  Zbllner* 
which,  if  regarded  vertically,  and  still  more  if  at  an  angle  of  48°  from  the 
perpendicular  with  one  eye,  presents  the  following  peculiarities: — Firstly,! 
the  dark  longitudinal  lines  do  not  appear  to  be  parallel,  but  to  converge! 
above  and  below  alternately ;  secondly,  the  two  halves  of  each  oblique! 
stria,  traversing  a  longitudinal  line,  do  not  appear  to  be,  as  they! 
really  are,  continuous  with  one  another,  but  the  lower  half  seems  to  be 
displaced  downwards ;  and  thirdly,  sometimes,  though  not  always,  at 
stereoscopic  effect  is  perceived,  as  though  the  lines  were  drawn  on  a  sheeti 
of  paper  folded  longitudinally.    Heringy  explains  this  by  a  train  oil 

reasoning  too  long  to  ba 
here  inserted,  but  to  thej 
effect  that  all  acute  angleg 
under  60°,  on  account  oil 
the  natural  curvature  oil 
the  retina,  appear  less  thaij 
they  really  are. 

636.    The  persistency 
during  a  certain  interval! 
of  impressions  made  upon 
the  retina,  gives-rise  to  i  > 
number  of  curious  visuaj 
phenomena,   which  cs 
be  here  only  briefly  ad 
verted-to.    The  prolonj 
gation  of  the  impressioj 
will  be  governed,  in  pan 
by   its  previous  dunj 
tion :    thus,   when  v\ 
rapidly  move  an  ignitd 
point  through  a  circll 
the  impression  itself  I 
momentary,  and  remaij 
but  for  a  short  period ;   whilst,  if  we  have  been  for  some  till 
looking  at  a  window,  and  then  close  our  eyes,  the  impression  ot  ti 
dark  bars  traversing  the  illuminated  space  is  preserved  for  sevei 
seconds.     One  of  the  results  of  this  persistence  is  the  combinaij 
into  a  single  image,  of  two  or  more  objects  presented  to  tlie  J 
in  successive   movements;    but  these  must  be  of  a  kind  ^ 
*  Poggendorff's  "  Annalen  der  Phys.,"  Bd.  cx,  p.  500. 
t  Fimke's  "Lehrbuch  der  Pliysiologie,"  vol.  a.  1866,  p.  410. 
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can  be  united,  otherwise  a  confused  picture  is  produced.  Thus  in  a 
Httle.toy,  called  the  Thaumatrope,  which  was  introduced  some  years 
ago,  the  two  objects  were  painted  on  the  opposite  sides  of  a  card, — a 
bird,  for  instance,  on  one,  and  a  cage  on  the  other ;  and  when  the  card 
was  made  (by  twisting  a  pair  of  strings)  to  revolve  about  one  of  its 
diameters,  in  such  a  manner  as  to  be  alternately  presenting  the  two 
sides  to  the  eye  at  minute  intervals,  the  two  pictures  were  blended,  the 
bird  being  seen  in  the  cage.  A  far  more  curious  illusion,  however, 
was  that  first  brought  into  notice  by  Professor  Faraday ;  who  showed 
that,  if  two  toothed  wheels,  placed  one  behind  the  other,  be  made  to 
revolve  with  equii  velocity,  a  stationary  spectrum  will  be  seen;  whilst 
if  one  be  made  to  revolve  more  rapidly  than  the  other,  or  the  number 
of  teeth  be  different,  the  spectrum  also  will  revolve.  The  same  takes- 
place  when  a  single  wheel  is  made  to  revolve  before  a  mirror,  the 
wheel  and  its  image  answering  the  purpose  of  the  two  wheels  in  the 
former  case.  On  this  principle,  a  number  of  very  ingenious  toys  have 
been  constructed  -  in  some  of  these,  the  same  figure  or  object  is  seen  in 
a  variety  of  positions ;  and  the  successive  impressions,  passing  rapidly 
before  the  eye,  give-rise  by  their  combination  to  the  idea  that  the 
bject  is  itself  moving  through  these  positions.* — It  is  interesting  to 
mark,  moreover,  that  when  the  eye  has  been  for  some  time  con- 
mplating  an  object  in  motion,  and  is  then  directed  towards  stationary 
jects,  these  appear  for  a  short  time  to  have  a  like  movement.  Any 
il-road  traveller  may  try  this  simple  experiment,  by  first  looking  at 
e  hedges,  &c.  which  he  is  rapidly  passing,  and  then  at  some  part  of 
e  interior  of  the  carriage  itself,  especially  one  which  presents  a  series 
f  parallel  lines.  But  when  the  impression  of  movement  has  been  of 
nger  duration,  its  effects  are  less  transient ;  thus  a  person  who  has 
en  for  some  time  on  board  ship,  sees  the  floors,  walls,  and  ceilings  of 
s  apartments  on  shore  in  a  state  of  continual  up-and-down  motion, 
en  for  some  davs  after  he  has  landed.  This  would  seem  to  be  rather 
sensorial  than  a  retinal  phenomenon. 

637.  When  the  lietina  has  been  exposed  for  some  time  to  a  strong 
mpression  of  some  particular  kind,  it  seems  less  susceptible  of  feebler 
lpressions  of  the  same  kind.  Thus,  if  we  look  at  any  brightly 
minous  object,  and  then  turn  our  eyes  on  a  sheet  of  white  paper,  we 
tail  perceive  a  dark  spot  upon  it;  the  portion  of  the  retina  which  had 
en  affected  by  the  bright  image,  not  being  able  to  receive  an  impression 
om  the  fainter  rays  reflected  by  the  paper.  The  dark  spectrum  does 
Jt  at  once  disappear,  but  assumes  different  colours  in  succession, — these 
ing  expressions  of  the  states  through  which  the  retina  is  passing,  in  its 
ansition  to  the  natural  condition.    If  the  eye  has  received  a  strong 

Avery  beautiful  'philosophical  toy'  was  shown  to  the  Author  some  years  since, 
'  its  inventor,  Mr.  Koberts,  the  celebrated  machinist  of  Manchester;  consisting  in  an 
paratus  by  which  it  was  made  possible  to  read  words  printed  on  a  card,  although  the 
ru  itself  was  made  to  revolve  on  its  axis  even  40,000  times  in  a  minute.  The  prin- 
ce of  its  construction  was  simply  this, — that  the  eye  caught  a  succession  of  glimpses 
the  card,  through  a  narrow  slit  before  which  a  disk  with  a  single  corresponding 
rforation  was  made  to  revolve;  the  rate  of  nnnement  of  this  dibk  being  so  adjusted 
that  of  the  card,  that  whenever  the  eye  caught  sight  of  the  latter,  it  was  momen- 
'"U  m  the  same  position,  so  that,  by  the  succosmoii  of  transient  impressions  thus 
Km  upon  the  retina,  the  words  printed  on  the  card  could  be  distinctly  read. 
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impression  from  a  coloured  object,  tlie  spectrum  exhibits  the  complemen- 
tary colour  ;*  thus,  if  the  eye  be  fixed  for  any  length  of  time  upon  a 
bright  red  spot  on  a  white  ground,  and  be  then  suddenly  turned  so  as  to 

rest  upon  the  white  surface,  we  see  a  spectrum  of  a  green  colour.  The 

same  explanation  applies  to  the  curious  phenomenon  of  '  coloured  shadows.' 
It  may  not  unfrequently  be  observed  at  sunset,  that,  when  the  light  of 
the  sun  acquires  a  bright  orange  colour  from  the  clouds  through  which 
it  passes,  the  shadows  cast  by  it  have  a  blue  tint.  Again,  in  a  room  with 
red  curtains,  the  light  which  passes  through  these  produces  green  shadows. 
In  both  instance,  a  strong  impression  of  one  colour  is  made  on  the 
general  surface  of  the  retina ;  and  at  any  particular  spots,  therefore,  at 
which  the  light  is  colourless  but  very  faint,  that  colour  is  not  perceived, 
its  complement  only  being  visible.  The  correctness  of  this  explanation 
is  proved  by  the  fact,  that,  if  the  shadow  be  viewed  through  a  tube,  in 
such  a  manner  that  the  coloured  ground  is  exchided,  it  seems  like  an 
ordinary  shadow.  It  is  not  unlikely  that,  as  Miiller  suggests,  the  pre- 
dominant action  of  one  colour  on  the  retina  disturbs  (as  it  were)  the 
equilibrium  of  its  condition,  and  excites  in  it  a  tendency  to  the  develop- 
ment of  a  state  corresponding  to  that  which  is  produced  by  the  impression 
of  the  complementary  colour ;  for  the  latter  is  perceived,  as  he  remarks, 
even  where  it  does  not  exist ;  as  when  the  eye,  after  receiving  a  strong 
impression  from  a  coloured  spot,  and  being  directed  upon  a  completely 
dark  surface  or  into  a  dark  cavity,  still  perceives  the  spectrum.  This 
change,  indeed,  extends  beyond  the  spot  on  which  the  impression  is  made 
(§  640)  ;  for,  as  is  well  known  to  Artists,  the  sensory  impression  pro- 
duced by  any  colour  is  greatly  affected  by  neighbouring  hues.  Thus,  if 
four  strips  of  coloured  paper,  or  any  other  fabric,  A,  B,  c,  D, — two  of 
them,  a,  b,  of  one  colour  {e.g.  red),  and  the  other  two,  c,  d,  of  some  dif- 
ferent colour  {e.g.  blue), — be  laid  side-by-side  at  intervals  of  about  half 
.an  inch,  the  hues  of  the  two  central  strips  B,  c,  will  be  decidedly  modified 
by  each  other's  proximity,  each  approximating  to  the  hue  of  the  com- 
plementary colour  of  the  other ;  so  that  instead  of 

A  B  C  D 

red  red  blue  blue. 

we  shall  see 

ABC  D 
red  orange-red     greenish-blue  blue. 

In  the  experiments  of  Mandelstamm,f  it  was  found  that  the  acuteness  i 
of  perception  of  the  eye  for  slightly  different  shades  of  colour  was  great- 
est in  the  yellow  spectrum,  and  then  successively  less  in  the  blue,  green, 
indigo,  and  finally  in  the  red,  in  which  it  was  least. 

638.  The  observations  of  Schultze  seem  to  point  clearly  to  the  con- i 
elusion  that  the  perception  of  colours  is  due  to  the  cones  and  not  to  the 
rods,  for  not  only  is  the  fovea  centralis  of  the  human  eye  where  cones 
alone  are  present,  the  part  most  acutely  sensitive  to  variations  of  colour ,l 

*  By  the  '  complementary'  colour  is  meant  that  which  would  be  required  to : rat rej 
white  or  colourless  light,  when  mixed  with  the  original :  thus  red  is  the  wropien  j 
of  green  (which  may  be  made  by  mixing  yellow  and  blue);  blue  is  the  compienit  i 
orange  (red  and  yellow) ;  and  yellow  of  purple  (red  and  blue) ;  and  vuc  versa  in  j 
i  n  fit  tVTicc  s 

t  "  Arohiv  f.  Ophthalmol.,"  Bd.  xiii.  Abtheil.  ii.  p.  309. 
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but  in  animals  of  nocturnal  habits  like  the  owl  and  the  bat,  no  cones 
are  discoverable,  and  we  may  conclude  that  vision  in  them  is  reduced  to 
the  quantitative  perception  of  light;  or  in  other  words,  to  the  diffe- 
rences between  shades  of  light  and  darkness.  A  simple  experiment 
shows  that  our  notions  of  colour  are  like  those  of  temperature,  re- 
lative and  not  positive,  for  although  when  a  pair  of  smoked  glasses  are 
worn  before  the  eyes,  surrounding  objects  at  first  appear  strongly  tinged 
with  their  colour,  very  short  experience  enables  the  wearer  to  distinguish 
oetween  different  colours,  and  he  sees  or  seems  to  himself  to  see  white 
jbjects  of  a  fine  white  colour,  until  he  undeceives  himself  by  removing 
them. 

639.  Upon  the  properties  of  the  Eye  in  regard  to  Colour,  are  founded 
;he  laws  of  harmonious  colouring,  which  have  an  obvious  analogy  with 
;hose  of  musical  harmony.  All  complementary  colours  have  an  agreeable 
effect  when  judiciously  disposed  in  combination  ;  and  all  bright  colours, 
which  are  not  complementary,  have  a  disagreeable  effect,  if  they  are  pre- 
lominant :  this  is  especially  the  case  in  regard  to  the  simple  colours, 
;trong  combinations  of  any  two  of  which,  without  any  colour  that  is  com- 
elementary  to  either  of  them,  are  extremely  offensive.  Painters  who  are 
Ugnorant  of  these  laws,  introduce  a  large  quantity  of  dull  grey  into  their 
[:  tictures,  in  order  to  diminish  the  glaring  effects  which  they  would 
therwise  produce  ;  but  this  benefit  is  obtained  by  a  sacrifice  of  the  vivid- 
i  ess  and  force,  which  may  be  secured  in  combination  with  the  richest 
i  armony,  by  a  proper  attention  to  physiological  principles.* — Some 
ersons  whose  visual  powers  are  excellent  in  every  other  respect,  are  more 
!  r  less  deficient  in  the  power  of  discriminating  colours.  This  defect  (which 
I  3  now  commonly  known  as  4  Daltonism,'  from  the  name  of  the  dis- 
V  inguished  philosopher  who  was  himself  the  sftbject  of  it)  may  be  so  com- 
lete,  that  nothing  can  be  perceived  save  different  degrees  of  light  and 
|  hadow ;  more  commonly  however,  it  exists  only  with  regard  to  par- 
cular  colours,  especially  such  as  have  a  complementary  relation  to  one 
;tnother,  so  that  persons  thus  affected  are  unable  (e:g.)  to  distinguish  ripe 
jh  Jerries  among  the  leaves  of  the  tree,  save  by  their  form ;  whilst  in  some 
liidividuals  it  does  no  more  than  confuse  colours  that  are  nearly  related, 
jtich  as  green  and  blue,  especially  when  they  are  seen  by  artificial  light.f 
i  t.  iernetschek^  has  shown  that  the  affection  may  be  either  congenital  or 
required,  and  that  whilst  the  retina  and  refractive  media  are  usually 
,  §>  sal  thy,  and  the  sharpness  of  vision  is  normal,  there  is  more  or  less  dis- 
i  irbance  or  lesion  of  those  portions  of  the  frontal  convolutions  which 
E  itervene  between  the  orbits. 

•'•10.  The  impressions  made  by  luminous  objects  upon  the  Eetina  are 
I  )t  precisely  confined  to  the  spots  upon  which  their  rays  impinge,  but 

I  *  This  subject  has  been  most  carefully  and  elaborately  investigated  by  M.  Chevreul ; 
i  hose  recent  Treatise  on  Colours  has  almost  exhausted  the  inquiry  into  the  mode  in 
aich  the  Visual  sense  of  Man  is  affected  by  them.    For  a  general  view  of  the  nature 
I  id  attributes  of  Light,  see  Art.  '  Light,'  by  Sir  J.  Herschel,  in  the  last  edition  of 
e  "  Encyclopaedia  MetropoKtana." 

T  See  especially  the  Memoir  of  Prof.  Seebeck,in  "Poggendorff  s  Annalen,"  Bd.  xlii. 
387);  that  of  Prof.  Wartmann  in  "Taylor's  Scientific  Memoirs,"  vol.  iv.  p.  156; 
r.  Pole's  case  recorded  in  the  "  Proceedings  of  the  Royal  Society,"  1856-57,  vol.  viii. 
•  '  2,  ;ind  the  interesting  commentary  upon  it  by  Sir  J.  Herschel,  in  idem,  vol.  x. 

$  See  "  Prag.  Vioi  teljahrs.,"  Bd.  c,  1868,  p.  224. 
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extend  themselves  to  a  greater  or  less  distance  around;  which  phe- 
nomenon has  been  termed  irradiation.    Thus  if  we  make  a  circular  white 
spot  upon  a  black  ground,  and  a  black  spot  of  precisely  the  same  dimen- 
sions upon  a  white  ground,  the  former  will  seem  to  be  considerably 
larger  than  the  latter  ;  apparently  because  the  excitation  of  the  retina  by 
the  luminous  impression  tends  to  spread  itself  in  each  case  over  the 
adjacent  non-excited  space.    Hence  it  is  that  we  are  able  to  distinguish 
any  small  magnitudes,  such  as  letters  or  the  lines  of  a  diagram,  at  a  much 
greater  distance  when  they  are  marked  in  white  on  a  black  ground,  than 
when  inscribed  in  black  upon  a  white  ground.    Another  curious  case  of 
the  same  kind  has  been  noticed  by  Sir  D.  Brewster.*    "  If  we  shut  one 
eye,  and  direct  the  other  to  any  fixed  point,  such  as  the  head  of  a  pin,  we 
shall  see  indistinctly  all  other  objects  within  the  sphere  of  vision.  Let 
one  of  these  objects  thus  indistinctly  seen,  be  a  strip  of  white  paper  or  a 
pen  lying  on  a  green  cloth.   Then,  after  a  short  time,  the  strip  of  paper, 
or  the  pen,  will  disappear  altogether,  as  if  it  were  entirely  removed  ;  the 
impression  of  the  green  cloth  upon  the  surrounding  parts  of  the  retina, 
extending  over  that  part  of  it  which  the  image  of  the  pen  occupied.  In 
a  short  time  the  vanished  image  will  re-appear,  and  again  vanish ;  when 
both  eyes  are  open,  the  very  same  effect  takes  place,  but  not  so  readily 
as  with  one  eye.    If  the  object  seen  indistinctly  is  a  black  stripe  on  a 
white  ground,  it  will  vanish  in  a  similar  manner.    When  the  object  seen 
obliquely  is  luminous,  such  as  a  candle,  it  will  never  vanish  entirely, 
unless  its  light  is  much  weakened  by  being  placed  at  a  great  distance ; 
but  it  swells  and  contracts,  and  is  encircled  by  a  nebulous  halo." 

641.  The  power  of  receiving  and  transmitting  visual  impressions  is  by 
no  means  uniformly  diffused  over  the  entire  Retina.  In  the  whole  field 
of  vision  which  at  any  time  lies  before  us,  we  only  see  with  perfect  dis- 
tinctness that  part  to  which  the  axes  of  our  eyes  are  directed,  and  of  which 
the  image,  therefore,  is  formed  upon  the  '  yellow  spot'  (§  623).  Never- 
theless we  have  a  sufficiently  distinct  perception  of  the  remainder  of  the 
field,  to  enable  us  to  judge  of  the  relations  of  the  objects  which  are  dis- 
tinctly seen  to  those  which  surround  them;  and  the  mobility  of  our  eyes 
enables  us,  under  the  guidance  of  our  visual  sense  (§  543),  to  direct  the 
most  sensitive  spot  of  the  retina  to  every  part  of  the  field  in  succession, 
not  only  without  effort,  but  even  almost  without  the  consciousness  that 
we  are  doing  so. — Generally  speaking,  the  indistinctness  of  vision  for 
objects  seen  out  of  the  axis  of  the  eye,  increases  with  the  distance  of  their 
images  from  the  central  point ;  or,  in  other  words,  the  impressibility  of 
the  several  parts  of  the  retina  diminishes,  according  to  their  distance  from 
the  1  yellow  spot.'  For  a  small  space  around  it,  however,  the  vision  is 
tolerably  accurate,  and  the  extent  of  this  circle  of  clear  '  indirect  vision, 
as  it  is  termed,  varies  in  different  people  ;  Volkmann,  for  instance,  can 
read  an  entire  word  by  the  light  of  a  single  electrical  spark,  and  must 
therefore  have  instantaneously  a  direct  and  perfect  perception  of  every 
part  of  it,  whilst  by  others  only  a  letter  or  two  can  be  distinguished.  It 
appears  also  from  the  experiments  of  Aubert  and  F6rster,f  and  of  Hey- 
mann,+  that  when  the  Eye  is  accommodated  for  near  objects,  the  limits 

*  '  Treatise  on  Optics,'  in  Lardner's  "  Cyclopaedia,"  p.  296. 
t  "  Archiv  f.  Ophthalmol.,"  Bd.  iii.  p.  1. 

±  "Acta  Academ.  C.L.  C.G.  Naturae  Curiosorum,"  Dresden,  18o4. 
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1  of  clear  lateral  perception  are  increased,  or  at  least  the  perceptibility 
of  that  circle  is  intensified ;  so  that  of  two  objects  which  throw  images  of 
equal  size  on  the  Retina,  the  smaller  and  more  approximated  one  is  dis- 
tinctly perceived  at  a  greater  distance  from  the  yellow  spot  than  the 

\  larger  and  more  distant  object.    But  there  is  one  part  of  the  retinal 

[L  surface,  namely,  the  seat  of  entrance  of  the  Optic  Nerve,  which  is  remark- 

I  able  for  its  imperfect  receptivity  ;  as  is  shown  by  the  following  experi- 
i.  ment  Let  two  black  spots  be  made  upon  a  piece  of  paper,  about  four  or 
I  five  inches  apart;  then  let  the  left  eye  be  closed,  and  the  right  eye  be 

it  strongly  fixed  upon  the  left-hand  spot ;  if  the  paper  be  then  moved  back- 
wards and  forwards,  so  as  to  change  its  distance  from  the  eye,  a  point  will 
be  found  at  which  the  right-hand  spot  is  no  longer  visible,  though  it  is 
clearly  seen  when  the  paper  is  brought  nearer  or  removed  further.  In 

LI:  this  position  of  the  eye  and  the  object,  the  rays  from  the  right-hand  spot 
cross  to  the  nasal  side  of  the  globe,  and  fall  upon  the  point  of  the  retina 
which  has  just  been  mentioned.  If  the  same  experiment  be  tried  with 
candles,  the  image  will  not  entirely  disappear,  but  will  become  a  cloudy 
mass  of  light.  It  is  not  correct  to  say,  as  is  sometimes  done,  that  the 
retina  is  not  impressible  by  light  at  this  point ;  since,  if  such  were  the 

t-  \  case,  we  should  see  a  dark  spot  in  our  field  of  view  whenever  we  use  only 
!  one  eye,  which  is  not  the  case.  The  fact  seems  rather  to  be,  that  this 
,  portion  of  the  retina  is  very  inferior  to  the  surrounding  parts  in  its 
receptivity  for  luminous  impressions  ;  whilst,  on  the  other  hand,  there  is 
in  unusual  tendency  to  the  extension  of  their  condition  to  it  by  '  irradia- 

I  fcion '  (§  640)  ;  so  that,  in  the  experiment  just  described,  if  the  black 
f -I  jpots  be  made  upon  a  coloured  ground,  this  colour  will  take  the  place  of 

w  Li  ;he  spot  which  disappears. 

642.  The  impression  made  by  rays  of  light  upon  the  Retina  may  be 
!  »  a  certain  extent  imitated  by  other  physical  agencies  (§  598),  which 
I  hus  give  rise  to  various  subjective  visual  phenomena.    Advantage  has 

I I  "ecently  been  taken  by  Dr.  Serre,*  of  the  power  of  mechanical  pressure 
i  o  produce  luminous  spectra,  for  the  investigation  of  the  1  law  of  visual 

[direction'  (§  627);  and  the  results  which  he  has  obtained  are  of  very 
!  ■  Teat  interest.   When  any  part  of  the  globe  of  the  eye  is  compressed  (the 
xperimenter  being  in  a  completely-darkened  room),  a  luminous  figure  is 
I  Keen  to  be  projected  in  the  direction  opposite  to  the  spot  pressed-upon. 

ts  form  varies  according  to  that  of  the  compressing  body,  and  to  the 
>  Legree  in  which  the  retina  is  affected  by  it.    Thus  if  the  pressure  be 
I  aade  by  the  point  of  the  finger,  or  by  any  other  circular  surface,  upon  a 
i  >art  of  the  globe  over  the  interior  of  which  the  retina  is  continuous,  the 
j  pectrum,  or  phosphene  (as  it  is  termed  by  Dr.  Serre),  is  also  circular ;  if 
be  compressing  body,  on  the  other  hand,  be  square  at  its  extremity,  the 
i  phosphene'  is  also  square ;  and  if  it  be  triangular,  the  '  phosphene'  is 
j  riangular  too.  But  if  the  pressure  be  made  near  the  anterior  edge  of  the 
j  etina  (which  is  what  most  commonly  happens,  unless  the  most  favour- 
i   hie  situation  be  designedly  chosen),  the  figure  of  the  i  phosphene'  is 
^complete ;  and  the  degree  of  its  deficiency  corresponds  with  the  propor- 
on  of  the  area  of  compression  that  does  not  lie-over  the  retinal  expan- 
f  l°n.    Hence  there  can  be  no  hesitation  in  regarding  the  production  of 
ns  spectrum  as  the  immediate  result  of  the  affection  of  the  sensorium  by 
*  See  his  "  Essai  sur  les  Phosphdnes,"  Paris,  1853. 
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the  pressure  of  the  retina ;  and  as  it  seerns  to  our  perceptive  conscious- 
ness to  have  a  distinct  objective  existence,  and  as  its  position  bears  a 
constant  and  definite  relation  to  that  of  the  portion  of  the  retina  on  which 
the  impression  is  made,  it  seems  obvious  that  any  such  affection  of  the 
retina  not  only  immediately  suggests  to  our  minds  the  notion  of  an  external 
objective  cause  of  the  impression,  but  also  indicates  to  our  consciousness 
the  direction  of  the  object. — But  further,  besides  the  principal  1  phos- 
phene,'  another,  of  smaller  dimensions,  is  usually  to  be  seen,  in  a  direc- 
tion nearly  the  same  as  that  on  which  the  pressure  is  made ;  this  is 
the  result  of  the  transmission  of  the  pressure  to  the  opposite  side  of  the 
globe,  by  an  alteration  of  its  figure  and  of  the  position  of  its  contents 
which  corresponds  to  the  fracture  of  the  skull  by  contre-coup.  The  form  of 
this  smaller  or  secondary  '  phosphene'  is  not  affected  by  the  cause  which 
sometimes  renders  the  larger  or  primary  spectrum  incomplete ;  since,  as 
we  cannot  anywhere  apply  pressure  to  the  living  Human  eye,  save  on  some 
part  of  its  anterior  hemisphere,  the  '  contre-coup'  will  always  take-place 
at  the  opposite  spot  in  the  posterior  hemisphere,  over  which  the  retina  is 
continuous,  save  at  the  entrance  of  the  optic  nerve.    By  an  extensive 
series  of  observations  upon  the  relation  of  the  positions  of  the  primary 
and  secondary  '  phosphenes,'  both  to  each  other  and  to  the  seat  of  com- 
pression, Dr.  Serre  has  deduced  the  important  conclusion,  that  the  lines  i 
joining  the  imaginary  spectra  and  the  spots  of  the  retina  from  whose 
affection  they  respectively  proceed,  pass  through  a  common  '  centre  of 
direction,'  whose  position  is  in  the  middle  of  the  crystalline  lens.  And 
hence  it  seems  to  be  a  legitimate  conclusion,  that  our  sense  of  the  relative  I 
directions  of  external  objects  is  derived  from  a  kind  of  mental  projection  I 
of  each  point  of  the  retinal  image,  in  the  line  which  joins  it  to  this  '  centre  ( 
of  direction.' 

643.  Another  very  curious  subjective  phenomenon  of  Vision,  is  the  j 
representation  which,  under  particular  circumstances,  we  may  mentally  1 
obtain  of  the  retina  itself;  as  in  the  following  experiment,  first  devised  f 
by  Purkinje,  and  known  by  his  name.    "  If  in  a  room  otherwise  dark,  a  I 
lighted  candle  be  moved  to  and  fro,  or  in  a  circle,  at  a  distance  of  six  I 
inches  before  the  eyes,  we  perceive,  after  a  short  time,  a  dark  arborescent  I 
figure  ramifying  over  the  whole  field  of  vision  ;  this  appearance  is  pro- 
duced  by  the  vasa  centralia  distributed  over  the  retina,  or  by  the  parts  I 
of  the  retina  covered  by  those  vessels.    There  are,  properly  speaking,  two  I 
arborescent  figures,  the  trunks  of  which  are  not  coincident,  but  on  the  I 
contrary  arise  in  the  right  and  left  divisions  of  the  field,  and  immediately  I 
take  opposite  directions.     One  trunk  belongs  to  each  eye,  but  their  I 
branches  intersect  each  other  in  the  common  field  of  vision.   The  expla-  | 
nation  of  this  phenomenon  is  as  follows  : — By  the  movement  of  the  candle  I 
to  and  fro,  the  light  is  made  to  act  on  the  whole  extent  of  the  retina,  and 
all  the  parts  of  the  membrane  which  are  not  immediately  covered  by  the 
vasa  centralia  are  feebly  illuminated  ;  those  parts  on  the  contrary,  which 
are  covered  with  those  vessels,  cannot  be  acted-on  by  the  light,  and  are 
perceived,  therefore,  as  dark  arborescent  figures.    These  figures  appear 
to  lie  before  the  eye,  and  to  be  suspended  in  the  field  of  vision;"*  and  as 
the  vessels  appear  magnified,  and  display  a  remarkable  parallactic  gliding 
movement  over  the  visual  field,  data  are  afforded  by  which  H.  Mutter  nas 
*  Mailer's  "Elements  of  Physiology"  (Baly's  Translation),  p.  1163. 
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L  calculated  that  the  true  percipient  surface  of  the  retina  must  be  situated 

J  .  at  a  certain  distance  from  the  vessels,  corresponding  in  fact  with  the 
bacillar  layer.*  We  have  thus  another  demonstration  of  the  fact,  that, 
in  ordinary  Vision,  the  immediate  object  of  our  sensation  is  a  certain 

[  condition  of  the  retina,  which  is  excited  by  the  formation  of  a  luminous 

j  image. 

644.  The  Visual  power  is  susceptible  of  extraordinary  improvement, 
[  through  the  habitual  direction  of  our  attention  to  the  effects  produced 
I  upon  our  consciousness  by  the  impressions  transmitted  to  the  Sensorium 
from  the  Eye ;  and  this  improvement  may  take  place,  either  in  regard  to 
I  the  quickness  and  readiness  with  which  objects  generally  are  perceived,  or 
in  the  faculty  of  discriminating  the  slightest  differences  in  form,  shade, 
I  colour,  &c,  or  of  discerning  bodies  of  extreme  minuteness.    In  regard  to 
\  all  these  points  it  may  be  noticed  that  the  habit  of  attention  to  any  par- 
ticular class  of  objects,  sharpens  the  discriminating  power  for  that  class 
j  alone ;  and  that  it  is  usually  rather  the  mental  than  the  corporeal  vision 

I  which  undergoes  improvement.  Thus  the  Seaman  who  makes-out  the 
}  :loom  of  the  land,' where  thelandsman  can  discern  nothingbut  anindefinite 

laze  above  the  horizon,  or  who  can  distinguish  the  size,  rig,  and  course 
i  if  a  vessel,  which  the  landsman  can  but  just  see  as  a  formless  speck,  does 
so  in  virtue  of  the  aptitude  of  his  mind  for  receiving  suggestions  from 
ninute  indications  such  as  pass  unnoticed  by  those  who  have  not  been 
iccustomed  to  form  their  ideas  upon  the  same  kind  of  experiences.  And 
i.l-;he  Microscopist,  who  is  constantly  on  the  outlook  for  the  various  forms 
[  >f  organic  structure  with  which  his  mind  is  familiar,  discerns  these  with- 
'  nit  difficulty  or  hesitation,  where  an  ordinary  observer  sees  nothing  but 
confused  jumble  of  tissue.    Extremely  slight  variations  in  the  relative 
lumination  of  two  objects  can  readily  be  discerned.  According  to  Aragof 

I I  he  difference  can  be  perceived  when  it  amounts  to  no  more  than  about 
lit -64th,  according  to  Volkmann  when  it  is  from  l-60th  to  l-100th,  to 

teinheil  l-38th,  and  to  Masson  l-120th.  Aubert|  has  shown  that  these 
I. variations  in  the  results  obtained  by  different  observers  are  probably  due 
:  [•)  their  having  employed  different  amounts  of  illumination ;  since  the  per- 
ception of  slight  variations  is  much  greater,  within  certain  limits,  with 
I  [i  right  than  with  feeble  illuminating  powers. — It  is  interesting  to  observe 
,.|uat  the  power  of  descrying  objects  at  vast  distances  appears  to  be  here- 
in itarily  possessed  by  two  races  of  men,  the  Mongols  of  Northern  Asia, 
id  the  Hottentots  of  Southern  Africa,  both  of  which  habitually  dwell  on 
f  vst  plains  that  seem  to  stretch  without  limit  in  every  direction.  It 
!  ems  probable  that  this  power  was  in  the  first  instance  acquired  by 
1  ibit  in  each  case ;  and  that,  as  frequently  happens  with  acquired  pe- 
|  iliarities  which  are  kept-up  by  constant  use  in  successive  generations,§ 
j  has  become  fixedly  hereditary. 

r  '  For  the  explanation  of  various  other  entoptical  phenomena,  see  J  ames  J  ago,  B.  A., 
I  "  Proceedings  of  the  Royal  Society,"  vol.  viii.  p.  603.  He  observes  that  the  long 
I  ims  of  light  which  issue  from  flames  regarded  with  '  winking  eyes'  proceed  from 
|  lie  bars  of  fluid  along  the  margins  of  the  lids. 

I  r  "  Astronomic,"  vol.  i.  p.  194.  J  "  Physiologie  der  Netzhaut,"  1864. 

I  ]  See  "Princ.  of  Comp.  Physiol.,"  §  620. 
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6.  Sense  of  Hearing. 

645.  In  the  Ear,  as  in  the  Eye,  the  impressions  made  upon  the  sensory 
nerve  are  not  at  once  produced  by  the  body  which  originates  the  sensa- 
tion ;  but  they  are  propagated  to  it,  through  a  medium  capable  of  trans- 
mitting them.   We  obviously  take  cognizance  by  the  mind,  therefore,  not 
of  the  sonorous  object,  but  of  the  condition  of  the  auditory  nerve;  and 
all  the  ideas  we  form  of  sounds,  as  to  their  nature,  intensity,  direction, 
&c,  must  be  based  upon  the  changes  which  they  produce  in  it.  The 
complex  contrivances  which  we  meet-with  in  the  organ  of  Hearing  among 
higher  animals,  are  evidently  intended  to  give  them  greater  power  of 
discriminating  sounds  than  is  possessed  by  the  lower  tribes ;  in  which 
last- it  is  reduced  to  a  form  so  simple  that  it  may  be  questioned  whether 
they  can  be  said  to  possess  an  organ  of  hearing,  if  by  this  term  we  imply 
anything  more  than  the  mere  consciousness  of  sonorous  vibrations. — There 
is  a  considerable  difference,  however,  between  the  Eye  and  the  Ear,  in 
regard  to  the  special  purposes  for  which  they  are  respectively  adapted. 
In  the  former  we  have  seen  that  the  whole  object  of  the  instrument  is  to 
direct  the  rays  of  light  received  by  it,  in  such  a  manner  as  to  occasion 
them  to  fall  upon  the  expansion  of  the  optic  nerve  in  similar  relative 
positions,  and  with  corresponding  proportional  intensities,  to  those  which 
they  possessed  when  issuing  from  the  object.    We  have  no  reason  to 
believe  anything  of  this  kind  to  be  the  purpose  of  the  Ear  ;  indeed  it  would 
be  inconsistent  with  the  laws  of  the  propagation  of  sound.  Sonorous 
vibrations  having  the  most  various  directions,  and  the  most  unequal  rates 
of  succession,  are  transmitted  by  all  media  without  modification,  however 
numerous  their  lines  of  intersection;  and  wherever  these  undulations  fall 
upon  the  auditory  nerve,  they  must  cause  the  sensation  of  corresponding 
sounds.    Still  it  is  probable  that  some  portions  of  the  complex  organ  of 
hearing,  in  Man  and  in  the  higher  animals,  are  more  adapted  than  others 
to  receive  impressions  of  a  particular  character ;  and  that  thus  we  may 
be  especially  informed  of  the  direction  of  a  sound  by  one  part  of  the 
organ,  of  its  musical  tone  by  another,  and  some  other  of  its  qualities  by 
a  third. 

646.  A  single  impulse  communicated  to  the  Auditory  nerve  through  an 
appropriate  apparatus,  seems  to  be  sufficient  to  excite  the  momentary  sen- 
sation of  sound ;  but  most  frequently  a  series  of  such  impulses  is  concerned, 
there  being  but  few  sounds  which  do  not  partake,  in  a  greater  or  less 
degree,  of  the  character  of  a  tone.  Any  continuous  sound  or  tone  is 
dependent  upon  a  succession  of  impulses ;  and  its  acuteness  or  depth  is 
governed  by  the  rapidity  with  which  these  succeed  one  another.  It  isj 
not  difficult  to  ascertain  by  experiment,  what  number  of  such  impulses  on 
undulations  are  required  to  give  every  tone  which  the  ear  can  appreciatej 
Thus  if,  as  in  the  instrument  termed  the.  Syren,  a  circular  plate  with  j 
number  of  apertures  at  regular  intervals  be  made  to  revolve  over  thcj 
top  of  a  pipe  through  which  air  is  propelled,  a  succession  of  sn°rt.^!'}Vl 
will  be  allowed  to  issue  from  this  ;  and,  if  the  revolution  be  sufficiently 
rapid,  these  impulses  will  unite  into  a  definite  tone.  In  the  sanij 
manner,  if  a  spring  be  fixed  near  the  edge  of  a  revolving  toot,sieJ 
wheel,  in  such  a  manner  as  to  be  caught  by  every  tooth  as  it  Pa*ses'  1 
succession  of  clicks  Avill  be  heard  ;  and  these  too,  if  the  revolution  | 
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the  wheel  be  sufficiently  rapid,  will  produce  a  tone.  The  number  of 
apertures  in  the  plate  which  pass  the  orifice  of  the  pipe  in  a  given 
time,  or  the  number  of  teeth  which  pass  the  spring,  being  known,  it  is 
easy  to  see  that  this  must  be  the  number  of  impulses  required  to  pro- 
duce the  given  tone.  Each  impulse  produces  a  double  vibration,  for- 
wards and  backwards  (as  is  seen  when  a  string  is  put  in  vibration,  by 
pulling  it  out  of  the  straight  line)  ;  hence  the  number  of  single  vibrations 
is  always  double  that  of  the  impulses. — The  maximum  and  minimum  of 
the  intervals  of  successive  pulses,  still  appreciable  by  the  ear  as  deter- 
minate musical  sounds,  have  been  determined  by  M.  Despretz.*  Accord- 
ing to  this  observer  the  number  of  complete  vibrations  required  to  produce 
appreciable  musical  sound,  in  persons  endowed  with  an  acute  sense 
hearing,  may  vary  from  8  for  the  lowest,  to  36,500  for  the  highest 
ote.  From  some  observations  of  Dr.  Wollaston,  it  seems  probable  that 
he  ears  of  different  individuals  are  differently  constituted  in  this  respect ; 
■me  not  being  able  to  hear  very  acute  tones  produced  by  Insects,  or  even 
irds,  which  are  distinctly  audible  to  others.  Again,  the  sound  resulting 
om  16  impulses  per  second,  is  not,  as  has  been  usually  supposed,  the 
lowest  appreciable  note ;  on  the  contrary,  M.  Savart  has  succeeded  in 
ndering  tones  distinguishable,  though  they  can  scarcely  be  termed 
usical,  which  are  produced  by  only  7  or  8  impulses  in  a  second ;  and 
ntinuous  sounds  of  a  still  deeper  tone  could  be  heard,  if  the  individxial 
ilses  were  sufficiently  prolonged.  In  regard,  however,  to  the  precise 
me  during  which  a  sonorous  impression  remains  upon  the  ear,  it  is 
fficult  to  procure  exact  information,  since  it  departs  more  gradually 
an  do  visual  impressions  from  the  eye.  This  is  certain,  however, — 
at  it  is  much  longer  than  the  interval  between  the  successive  pulses 
n  the  production  of  tones ;  since  it  was  found  by  M.  Savart,  that  one 
•r  even  several  teeth  might  be  removed  from  the  toothed  wheel,  without 
perceptible  break  in  its  sound, — showing  that,  when  the  tone  was 
ce  established,  the  impression  of  it  remained  during  an  intermission 
f  some  length. 

647.  A  very  recondite  investigation  into  the  theory  of  Acoustics, 
d  especially  into  the  conditions  on  which  the  distinct  qualities  of 
usical  tones  depend,  has  recently  been  undertaken  by  Helmholtz. f 
t  is  possible,  he  observes,  to  produce  sounds  consisting  of  only  a 
ngle  primary  or  fundamental  note ;  the  fundamental  note  of  a  sono- 
us  body  being  the  lowest  tone  which  it  yields  when  the  whole  of  it  is 
i  vibration  together  ;  but  in  by  far  the  greater  number  of  instances, 
unds  however  produced,  and  whether  musical  in  their  character  or  not, 
re  compounded  of  the  fundamental  note  and  a  number  of  secondary 
bilateral  or  harmonic  notes  ;  and  the  peculiar  quality  or  timbre  of  par- 
cular  instruments  appears  to  be  determined  by  a  variation  in  the  mode 
f  grouping  of  the  secondary  sounds.    Each  such  group  Helmholtz  de- 
gnates  a  "  sound  colour."    In  a  series  of  experiments  upon  the  vowel 

*  "ComptesEendus,"toni.xx.p.l214.  Hermann,  "Grundriss  derPhysiologie,"1867, 
ves  the  limits  at  40  and  16,000  vibrations  ;  Helmholtz  at  16  and  38,000  vibrations, 
about  11  octaves.    The  deepest  tone  of  orchestral  instruments  is  the  E  of  the  double 
ss  with  41^  vibrations,  the  highest  the  dv  of  the  Piccolo  flute  with  4752  vibrations 
yndall). 

t  "  Die  Lehre  von  den  Ton-empfindungen  als  physiologische  Grundlage  fiir  die 
leorie  der  Musik,"  Braunschweig,  1862. 
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sounds,  a,  e,  i,  o,  and  u,  he  has  remarked  that  we  distinguish  them  from 
one  another*  by  the  harmonic  sounds  which  accompany  the  chief  or  fun- 
damental note,  and  he  endeavours  to  render  this  evident  by  the  following 
experiments.  He  terms  the  fundamental  note  the  first  (1),  whilst  the 
harmonics  (2,  3,  4,  5,  6,  &c.)  are  notes  produced  by  two,  three,  four, 
five,  or  six  times  the  number  of  vibrations  of  the  fundamental  note.  Thus, 
taking  the  middle  C  of  the  piano  as  the  fundamental  note,  the  harmonics 
will  be  C2  (octave)  G,  C8  (double  octave)  Es  G8,  &c.    Now  if  the  vowel 

2  3  4  5  6 

a  be  sung  close  to  a  piano  with  the  damper  up,  not  only  will  the  wire 
corresponding  to  the  fundamental  note  be  thrown  into  vibration,  but  also 
the  wires  corresponding  to  the  3rd  and  5th  harmonics,  or  those  vibrating  j 
three  times  and  five  times  as  often  as  the  fundamental  note,  and  also  more  I 
feebly  the  2nd,  4th,  and  7th  harmonic  notes.   When  the  vowel  o  is  sung, 
the  3rd  harmonic  note  vibrates  somewhat  more  weakly  than  when  a  is 
sung ;  the  2nd  and  5th  harmonics  very  weakly.   With  u  the  fundamental 
note  vibrates  almost  alone  ;  the  3rd  harmonic  very  feebly.    With  e  the 
2nd  harmonic  wire  is  thrown  into  powerful  vibration,  but  the  higher 
harmonics  are  scarcely  produced.    With  i,  as  with  u,  it  is  difficult  to 
pronounce  it  loudly  enough  to  excite  vibrations  in  any  but  the  funda- 
mental note ;  the  2nd  and  3rd  harmonics,  however,  appear  to  aid  in 
determining  the  clear  character  of  the  note,  and  slight  vibrations  may  be 
observed  in  the  5th  harmonic.  The  wires  of  the  piano  in  these  instances 
may  be  said  to  analyze  the  vocal  sound  into  its  secondary  elements  or 
partial  notes ;  and  Helmholtz  has  shown  that  the  same  result  may  be 
attained  by  placing  in  connection  with  the  ear  a  series  of  glass  vessels, 
producing  by  their  vibration  harmonic  notes,  and  ascertaining  with  I 
which  note  or  kind  of  note  they  resonate  most  powerfully.   In  another  I 
series  of  experiments,  instead  of  analyzing  the  vocal  sounds  as  above  I 
mentioned,  Helmholtz  endeavoured  to  produce  them  synthetically,  by  I 
accompanying  a  given  fundamental  note  with  its  several  harmonics.  This  I 
was  accomplished  by  a  system  of  tuning-forks,  arranged  in  harmonic  j 
series,  which  could  be  thrown  into  vibration  at  will  in  various  order.  I 
Thus  the  fundamental  note  of  the  first  tuning-fork,  resembling  the  vowel  I 
u,  the  vowel  sound  or  musical  colour  o  was  produced  if  the  harmonics  2 1 
were  powerfully,  and  3  and  4  were  wTeakly  sounded  ;  e  was  produced  j 
by  the  3rd  octave  resonating  powerfully  with  the  fundamental  note,  the  J 
2  harmonic  note  moderately,  and  the  4  and  5  harmonics  feebly,  and  so  I 
on  for  the  other  vowel  sounds. — The  power  which  we  possess  of  distm-j 
guishing  the  characters  belonging  to  similar  notes  produced  by  different! 
instruments,  appears,  therefore,  to  be  due  to  a  kind  of  analysis  being! 
performed  by  the  ear,  similar  to  that  effected  by  the  wires  of  the  piano;! 
and  we  shall  see  that  it  is  not  unreasonable  to  attribute  this  function 
especially  to  the  branches  of  the  auditory  nerve  distributed  upon  the|< 
lamina  spiralis  of  the  cochlea.  I 

648.  The  essential  part  of  an  Organ  of  Hearing  is  obviously  a  nerve 
endowed  with  the  peculiar  property  of  receiving  sonorous  undulations,  an 
of  transmitting  their  effects  to  the  Sensorium.    This  nerve  is  spread-out  , 
over  the  surface  of  a  delicate  membrane  which  lines  the  Vestibule  and  i 

*  It  must  be  borne  in  mind  that  the  German  pronunciation  of  the  vowels  is  here|[ 
implied. 
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Fig.  196. 


prolongations ;  and  this  membrane  encloses  a  fluid,  which  is  the  medium 
whereby  the  sonorous  vibrations  received  through  the  external  ear  are 
jomuiunicated  to  the  nerve.  We  learn  from  an  examination  of  the  com- 
parative structure  of  the  auditory  apparatus  in  the  lower  animals,  and 
rom  the  study  of  its  development  in  the  higher,  that  the  part  which, 
ieing  most  constantly  present,  and  being  also  the  earliest  in  its  develop- 
nent  may  be  considered  as  the  most  essential,  is  the  simple  Vestibular 
avity ;  which  exists  where  there  are  no  vestiges  either  of  Semicircular 
aaals,  of  Cochlea,  or  of  Tympanic  apparatus.   Such  a  condition  presents 
r  tself  in  some  of  the  higher  Invertebrata  and  in  the  lowest  Fishes  ;  but  as 
w  ascend  the  Vertebrated  series,  we  find  the  semicircular  canals  growing 
Lut  (as  it  were)  of  the  Vestibule  in  Fishes,  a  Tympanic  apparatus  supera- 
dded in  Reptiles,  and  a  Cochlea  first  acquiring  a  more  than  rudimentary 
[  .evelopment  in  the  class  of  Birds,  although  only  presenting  in  Mammalia 
I  hat  characteristic  form  from  which  it  derives  its  name.*    Of  the  mode 
\i  which  the  ultimate  subdivisions  of  the  Auditory  nerve  are  distributed 
[•  pon  the  lining  membrane  of  the  labyrinth,  it  does  not  yet  seem  possible 
I j  give  a  certain  account;  for  although  Wagner  and  others  have  repre - 
1 5nted  them  as  terminating  in  free  loops,  yet  more  careful  observation 
|  as  rendered  this  doubtful; 
i  nd  the  general  analogy  be- 
veen  the  simpler  forms  of 
j  le  auditory  and  of  the  visual 
jparatus,  as  well  as  the  close 
|  )rrespondence  which  exists 
I  Btween  them  in  the  history 
their    development  (the 
I  .'gan  of  hearing,  like  the  eye, 
I'iing  budded-off    from  its 
|-nsory  ganglion),    seem  to 
indicate  that  the  peripheral 
pansion  of  the  auditory 
■I've  might  be  expected  to 

J'.ve  a    Structure    analogous/  Section  through  one  of  the  coils  of  the  Cochlea  :— 
.  !    that  of  the  retina       The    ST»8cala  tympani;  sv,  scala  yestibuli;  o  c,  canalis 
I    imf.         c  .a.  l  i       i         cochleae ;  B,  membrane  of  Reissner  j  lit  to  Up,  lamina 

UCUire  01  the  COChlea  has    spiralis  membranacea ;  IU,  limbus  laminae  spiralis} 

i     -lentlv  been  marpriflllv  pin  fl'  8ulcu8  ^P^f'i8;  9*>  ganglion  spiral©  seated  on  nc, 

I     A    il        "idteriaiiy  eiU-  the  nervus  cochleans  indicated  by  the  black  line ;  Uo, 

;  lated    by    the     extraordi-  lamina  spiralis  ossea ;  I,  membrana  tectoria ;  b,  mem- 

l'rilir  mi„„t„         j    j  t     ,  brana  basilaris  ;  o  o,  organ  of  Corti :  Up,  ligamentum 

j      J    minute    and    delicate  spirale  ;  c  c,  ceUs  of  Claudius ;  1,  rod  of  Corti  of  the 

j  sections  of  Corti,j"  Schultze    first  order  5  2» rod  of  Corti  of  8econd  order. 
•Hiker,  and  others,  and  may  readily  be  understood  from  an  examina- 
a  ol  Fig.  196,  which  represents  a  section  through  one  of  the  coils  of 
|  >  cochlea,  showing  in  particular  the  details  of  the  part  known  as  the 
For ; 


am? » f  .°'  Microscopic  Anatomy,"  I860;  Fick,  "Anat.  u 

"I,  i?6f»  P-  lP>  Rudinger,  "Das  Gehdr-organe,"  WD 
oi  l  notograpliH :  Rpir.Wt    «  AW„n,l  A    V    AWl  ,l» 


Physiol,  der  Sinnes- 
-Jiiuchen,  1867,  with  an 
♦Kgn$    '  Ke5chert.  "  Abhand.  d.  k.  Akad.  der  wiss.  zu  Berlin ;"  C. 
jtt'in      v   ,  •  ?de  ot  termination  of  the  Acoustic  Nerves  in  Birds,"  in  the 
"ingen  Nachnchtcn,"  1867,  and  Kblliker's  "  Zeits.,"  Bd.  xvii.  p.  598. 
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organ  of  Corti.  The  ultimate  branches  of  the  auditory  nerve  appear  to 
terminate  in  free  extremities  in  the  cavity  just  above  Co  in  the  Fig., 
which  is  probably  filled  with  fluid  during  life.  The  number  of  the 
arches  of  Corti  is  estimated  by  Kolliker  at  3000,  or  about  33  to  each 
half  note  of  the  ordinarily  audible  seven  octaves. 

649.  In  order  to  gain  any  definite  idea  of  the  uses  of  different  parts 
of  the  Ear,  it  is  necessary  to  bear  in  mind  that  sounds  may  be  propa- 
gated amongst  solid  or  fluid  bodies  in  three  ways;  by  reciprocation,  by 
resonance,  and  by  conduction. — 1.  Vibrations  of  reciprocation  are  ex- 
cited in  a  sounding  body,  when  it  is  capable  of  yielding  a  musical  tone 
of  definite  pitch,  and  another  body  of  the  same  pitch  is  made  to  sound 
near  it.  Thus  if  two  strings  of  the  same  length  and  tension  be  placed 
alongside  of  each  other,  and  one  of  them  be  sounded  with  a  violin-bow, 
the  other  will  be  thrown  into  reciprocal  vibration  ;  or  if  the  same  tone 
be  produced  near  the  string  in  any  other  manner,  as  by  a  flute  or  a 
tuning-fork,  the  same  effect  will  result. — 2.  Vibrations  of  resonance  are 
of  somewhat  the  same  character  ;  but  they  occur  when  a  sounding  body 
is  placed  in  connection  with  any  other,  of  which  one  or  more  parts  may 
be  thrown  into  reciprocal  vibration  ;  even  though  the  tone  of  the 
whole  be  different,  or  it  be  not  capable  of  producing  a  definite  tone  at 
all.  This  is  the  case,  for  example,  when  a  tuning-fork  in  vibration  is 
placed  upon  a  sound-board ;  for  even  though  the  whole  board  have  no 
definite  fundamental  note,  it  will  divide  itself  into  a  number  of  parts, 
which  will  reciprocate  the  original  sound,  so  as  greatly  to  increase  its 
intensity;  and  the  same  sound- board  will  act  equally  well  for  tuning- 
forks  of  several  different  degrees  of  pitch.  When  a  smaller  body  is 
used  for  resonance,  however,  it  is  essential  that  there  should  be  a  rela- 
tion between  its  fundamental  note  and  that  of  the  sonorous  body ;  other- 
wise no  distinct  resonance  is  produced.  Thus,  if  a  tuning-fork  in  vibra- 
tion be  held  over  a  column  of  air  in  a  tube,  of  such  a  length  that  the 
same  note  would  be  given  by  its  vibration,  its  sound  will  be,  recipro- 
cated. And  if  it  be  held  over  a  pipe,  the  column  of  air  in  which  is  a 
multiple  of  this,  the  column  will  divide  itself  into  that  number  o 
shorter  parts,  each  of  which  will  reciprocate  the  original  sound,  and  the 
total  action  will  be  one  of  resonance.  But  if  the  length  of  the  pipe  bea 
no  such  correspondence  with  the  note  sounded  by  the  tuning-fork,  no 
resonance  is  given  by  the  column  of  air  it  contains. — 3.  Vibrations  o 
conduction  are  the  only  ones  by  which  sounds  can  strictly  be  said  to  b 
propagated :  these  are  distinguishable  into  various  kinds,  into  which  i 
is  not  requisite  here  to  inquire.  It  should  be  remarked,  however,  tha 
all  media,  fluid,  liquid,  or  solid,  are  capable  of  transmitting  sound 
this  manner;  a  vacuum  being  the  only  space  through  which  it  canno 
pass.  The  transmission  is  usually  much  more  rapid  through  soli 
bodies,  than  through  liquid ;  and  through  liquid,  than  through  gaseous 
The  greatest  diminution  in  the  intensity  of  sound  is  usually  perceivec 
when  a  change  takes-place  in  the  medium  through  which  it  is  propagate 
especially  from  the  aeriform  to  the  liquid.  , 

650.  The  detailed  application  of  these  principles  has  been  most  eia 
borately  worked-out  by  Professor  Miiller  ;  and  the  following  statenie 
is  little  more  than  an  abstract  of  the  results  of  his  experimental  im 
tigations ;  of  which  the  first  series  bears  specially  on  the  case  ol 
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animals,  which  living  immersed  in  water,  receive  the  sonorous  undula- 
tions through  that  medium.  The  labyrinth  of  such  as  possess  a  distinct 
organ  of  hearing,  is  either  entirely  enclosed  within  the  bones  of  the 
head,  as  in  the  Cephalopoda  and  in  the  Cyclostome  and  Osseous  Fishes; 
or,  its  cavity  being  prolonged  to  the  surface  of  the  body,  it  is  there 
brought  into  communication  with  the  conducting  medium  by  means  of 
a  membrane,  besides  receiving  the  vibrations  through  the  medium  of 
the  solids  of  the  body,  as  is  the  case  in  Cartilaginous  Fishes  and 
Crustacea : — I.  Sonorous  vibrations,  excited  in  water,  are  imparted 
with  considerable  intensity  to  solid  bodies. — II.  Sonorous  vibrations  of 
solid  bodies  are  communicated  with  greater  intensity  to  other  solid 
bodies  brought  in  contact  with  them,  than  to  water ;  but  with  much 
greater  intensity  to  water,  than  to  atmospheric  air. — in.  Sonorous 
vibrations  are  communicated  from  air  to  water  with  great  difficulty, 
this  difficulty  very  much  exceeding  that  with  which  they  are  propagated 
from  one  part  of  the  air  to  another  ;  but  their  transition  from  air  to 
water  is  much  facilitated  by  the  intervention  of  a  lax  membrane  ex- 
tended between  them. — iv.  Sonorous  vibrations  are  not  only  imparted 
from  water  to  solid  bodies  with  definite  surfaces  which  are  in  contact 
with  the  water,  but  are  also  returned  with  increased  intensity  by  these 
bodies  to  the  water ;  so  that  the  sound  is  heard  loudly  in  the  vicinity  of 
those  bodies,  in  situations  where,  if  it  had  its  origin  in  the  conducting 
power  of  the  water  alone,  it  would  be  faint. — v.  Sonorous  undulations, 
propagated  through  water,  are  partially  reflected  by  the  surfaces  of 
solid  bodies. — vi.  Thin  membranes  conduct  sound  in  water  without 
any  loss  of  its  intensity,  whether  they  be  tense  or  lax. — vn.  When 
sonorous  vibrations  are  communicated  from  water,  to  air  inclosed  in 
membranes  or  solid  bodies,  a  considerable  increase  in  the  intensity  of 
the  sound  is  produced,  by  the  resonance  of  the  air  thus  circumscribed. — 
viii.  A  body  of  air  inclosed  in  a  membrane,  and  surrounded  by  water, 
also  increases  the  intensity  of  the  sound  by  resonance,  when  the  sonorous 
undulations  are  communicated  to  it  by  a  solid  body. 

651.  Animals  living  in  air   are  nearly  always  provided  with  an 
opening  into  the  vestibule,  the  fenestra  ovalis,  covered  by  a  thin  mem- 
i  brane  ;  and  generally  with  a  Tympanic  apparatus  also.    The  following 
experimental  results  bear  upon  the  manner  in  which  the  Ear  of  such 
animals  is  affected  by  sound : — ix.  Sonorous  undulations,  in  passing 
from  air  directly  into  water,  suffer  a  considerable  diminution  in  their 
strength ;  while,  on  the  contrary,  if  a  tense  membrane  exist  between 
the  air  and  the  water,  the  sonorous  undulations  are  communicated  from 
rhe  former  to  the  latter  medium  with  great  intensity. — x.  The  sonorous 
vibrations  are  also  communicated  without  any  perceptible  loss  of  in- 
tensity from  the  air  to  the  water,  when,  to  the  membrane  forming  the 
medium  of  communication,  there  is  attached  a  short  solid  body,  which 
occupies  the  greater  part  of  its  surface,  and  is  alone  in  contact  with  the 
I  water. — xi.  A  small  solid  body,  fixed  in  an  opening  by  means  of  a 
border  of  membrane,  so  as  to  be  moveable,  communicates  sonorous 
vibrations  from  air  on  one  side  to  water  or  the  fluid  of  the  labyrinth  on 
1  the  other,  much  better  than  solid  media  not  so  constructed.    But  the 
J  propagation  of  sound  to  the  fluid  is  rendered  much  more  perfect,  if  the 
I  solid  conductor,  thus  occupying  the  opening,  is  by  its  other  end  fixed  to 
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the  middle  of  the  tense  membrane  which  has  atmospheric  air  on  both 
sides. — The  fact  stated  in  ix.  is  evidently  one  of  great  importance  in 
the  physiology  of  hearing ;  and  fully  explains  the  nature  of  the  process 
in  those  animals  which  receive  the  sonorous  vibrations  through  air,  but 
which  have  no  tympanic  apparatus.  In  x.  we  have  the  elucidation  of 
the  action  of  the  fenestra  ovalis,  and  of  the  moveable  plate  of  the  stapes 
which  occupies  it,  in  animals  living  in  air  but  destitute  of  tympanic 
apparatus  ;  this  is  naturally  the  case  in  many  Amphibia ;  and  it  may 
happen  as  the  result  of  disease  in  the  Human  subject.  In  xi.  we  have 
a  very  interesting  demonstration  of  the  purpose  and  action  of  the 
tympanum,  in  the  more  perfect  forms  of  the  auditory  apparatus. — We 
are  now  prepared  to  inquire,  in  somewhat  more  of  detail,  into  the 
actions  of  the  different  parts  of  this  apparatus ;  and  it  will  be  better  to 
commence  with  those  of  the  Middle  and  Internal  Ear,  the  accessory 
organs  being  afterwards  considered. 

652.  The  Membrana  Tympani  consists  of  three  layers;  an  external 
one  continuous  with  the  cutis  of  the  external  meatus,  and  consisting  of 
dermoid  tissue  with  a  covering  of  epidermic  cells  ;  an  internal,  which  is 
extremely  thin,  continuous  in  like  manner  with  the  mucous  membrane 
lining  the  tympanic  cavity,  and  also  composed  of  dermoid  tissue  and 
epithelium ;  and  a  middle  layer,  which,  according  to  Mr.  Toynbee,* 
may  be  separated  into  two  distinct  laminae  whose  fibres  run  in  con- 
trary directions,  those  of  the  external  layer  (which  is  the  stronger  of  the 
two)  radiating  from  the  malleus  towards  the  peripheral  ring  to  which 
they  are  attached,  whilst  those  of  the  internal  are  annular.    The  fibres 
of  which  these  lamina?  are  composed  do  not  appear  to  be  muscular ;  nor 
do  they  present  the  longitudinal  parallel  wavy  lines  characteristic  of 
ordinary  fibrous  membranes  ;  and  they  are  rendered  opaque  by  acetic 
acid.    Hence,  although  those  laminae  appear  to  be  derived,  the  external 
from  the  periosteum  of  the  meatus,  and  the  internal  from  that  of  the 
tympanic  cavity,  they  differ  from  it  in  elementary  structure,  and  seem 
to  have  more  in  common  with  elastic  tissue.    Mr.  Toynbee  points  out 
the  existence  of  a  tubular  ligament,  enclosing  the  tendon  of  the  tensor 
tympani  muscle ;  and  considers  that  the  membrane  is  maintained  by 
this  ligament  in  a  state  of  moderate  tension,  the  assistance  of  the  muscle 
being  only  required  to  augment  this. — The  function  of  the  Membrana 
Tympani  seems  obviously  to  be  the  reception  of  sonorous  undulations 
from  the  air,  in  such  a  manner  that  it  may  be  thrown  by  them  into  a 
reciprocal  vibration,  which  is  communicated  to  the  chain  of  bones,  and, 
as  is  shown  in  the  accompanying  little  diagram,  through  them  to  the 
membrane  of  the  fenestra  ovalis.    Helmholtz  has  shown 
Fig.  197.      that  the  curvature  of  the  membrana  tympani,  whilst  it 
diminishes  the  amplitude  of  the  vibrations,  increases  then- 
force.    In  its  usual  state,  this  membrane  is  scarcely  on 
the  stretch  ;  and  this  is  found  by  experiment  to  be,  for 
a  small  membrane,  the  best  condition  for  the  propagation 
of  ordinary  undulations.    This  is  easily  rendered  sen- 
sible in  one's  own  person;    for  an  increased  tension 
may  be  given  to  the   membrana   tympani,  either  by  holding  tne 
breath  and  forcing  air  into  the  Eustachian  tube,  so  as  to  distend  i 
*  "  Philosophical  Transactions,"  185J. 
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from  within,  or  by  exhausting  the  cavity,  so  as  to  cause  the  external 
air  to  make  increased  pressure  upon  it ;  and  in  either  case,  the  hearing 
is  immediately  found  to  become  indistinct.    It  is  observed,  however, 
that  grave  and  acute  sounds  are  not  equally  affected  by  this  action ;  for 
the  experimenter  renders  himself  deaf  to  grave  sounds,  whilst  acute 
sounds  are  heard  even  more  distinctly  than  before.    This  fact  is  readily 
understood,  by  referring  to  the  laws  of  Acoustics  already  mentioned. 
The  greater  the  tension  to  which  the  membrana  tympani  is  subjected, 
the  more  acute  will  be  its  fundamental  tone;  and  as  no  proper  re- 
ciprocation can  take-place  in  it  to  any  sound  lower  than  its  fundamental 
tone,  its  power  of  repeating  perfectly  the  vibrations  proper  to  the 
deeper  notes  will  diminish.     The  nearer  a  sound  approaches  to  the 
fundamental  note  proper  to  the  tense  membrane,  the  more  distinctly 
will  it  be  heard.    On  the  other  hand,  when  the  membrane  is  in  its 
naturally-relaxed  condition,  its  fundamental  note  is  very  low,  and 
it  is  capable  of  repeating  a  much  greater  variety  of  sounds ;  for,  when 
it  receives  undulations  of  a  higher  tone  than  those  to  which  the 
whole  membrane  would  reciprocate,  it  divides  itself  into  distinct  seg- 
ments of  vibration,  which  are  separated  by  lines  of  rest ;  and  every  one 
of  these  reciprocates  the  sound,*  at  the  same  time  rendering  it  more 
intense  by  multiplication  (§  649).    These  facts  enable  us  to  understand 
the  influence  of  the  tensor  tympani  muscle,  in  augmenting  the  tension  of 
the  membrane,  and  thus  enabling  it  to  vibrate  in  reciprocation  to  sounds 
laving  a  great  variety  of  fundamental  notes.  It  appears  to  be  antagonized 
•  yy  the  stapedius,  the  contraction  of  which  seems  to  diminish  the  tension 
>f  the  membrana  tympani,  and  to  take-off  pressure  from  the  fluid  of  the 
abyrinth.    These  two  muscles  conjointly  maybe  considered  to  regulate 
iie  transmission  of  sonorous  undulations  to  the  fluid  of  the  internal  sac, 
ireventing  it  from  being  too  violently  affected  by  loud  sounds,  in  the  same 
.nanner  that  the  iris  regulates  the  admission  of  light  to  the  eye  (§  625); 
\  nd  the  analogy  extends  also  to  their  nervous  supply,  the  stapedius  being 
xcited  to  action  by  a  branch  of  the  Facial,  whilst  the  tensor  tympani 
eceives  its  nerves  from  the  Otic  ganglion. f    They  are  probably  put 
jtQto  conjoint  action  when  we  are  listening  for  faint  sounds,  so  as  to 
■ring  the  tympanum  into  the  state  of  tension  best  adapted  to  reciprocate 
[  iem ;  whilst  by  a  like  preparation,  the  concussive  effects  of  a  loud  sound 

•  This  is  very  easily  proved  by  experiment  on  a  membrane  stretched  over  a  resonant 
lvlty  j  for  if  light  sand  be  strewed  upon  it,  and  a  strong  musical  tone  be  produced  in 
8  vicinity,  the  membrane  will  immediately  be  set  in  vibration,  not  as  a  whole  (unless 
J  j  fundamental  note  be  in  uuison  with  that  sounded),  but  in  different  segments,  of 
!  Inch  every  one  reciprocates  the  sound  ;  from  the  vibrating  parts,  the  sand  will  be 
ulently  thrown-off ;  but  it  will  settle  on  the  intermediate  lines  of  rest,  which  are 
■iown  as  the  nodal  lines,  forming  a  variety  of  curious  figures.    See  also  Donders  on 
»  wound  colours  of  the  vowels  in  Donders  and  Berlius,  "  Archiv  f.  d.  Holland. 
eitrSge  zur  Natur  und  Heilkunde,"  Bd.  iii.  p.  446.     By  means  of  a  modification 
ott's  form  of  Kbnig's  phonantograph,  Donders  obtained  very  beautiful  pictures 
series  of  curves,  representing  complicated  vibrations,  not  only  of  the  vocals,  but 
I  ?°  °f  tQe  notes  produced  by  the  passage  of  these  into  consonants ;  of  the  sound 
I  lours  of  various  musical  instruments,  and  of  various  notes,— all  of  which  present 
I  irves  of  appropriate  form.    See  also  Tyndall's  work  "  On  Sound,"  1867,  for  a  full 
t  sume  of  all  recent  researches,  also  Squire  on  '  The  Quality  of  Musical  Sounds,' 
I  Muart.  Journ.  of  Sci,,"  1865,  p.  600. 

«eo  Mr.  C.  Brooke  in  "  Lancet,"  1843,  p.  380  ;  and  Mr.  Toynbee  in  "  Brit,  and 
1  *.  Med.-Chir.  Rev.,"  vol.  xi.  p.  235. 
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that  is  anticipated,  are  more  effectually  moderated  than  when  it  strikes 
the  ear  without  warning.  It  is  probably  owing  to  an  imperfect  action 
of  these  muscles,  that  some  persons  are  deaf  to  grave  sounds,  whilst  they 
readily  hear  the  more  acute.  Helmholtz*  observes,  that  by  the  trans- 
ference of  the  vibrations  of  the  tympanum  to  the  much  smaller  mem- 
brane of  the  fenestra  ovalis,  mechanical  power  is  gained  for  the  establish- 
ment of  vibrations  in  the  comparatively  immovable  fluid  of  the  labyrinth. 
He  observes  also  that  the  inferior  aspects  of  the  articular  surfaces  of  the 
malleus  and  incus  are  furnished  with  small  teeth,  so  arranged  that 
when  the  malleus  moves  outwards  the  articular  surfaces  easily  separate 
as  far  as  the  somewhat  loose  capsule  will  allow,  whilst  when  the 
malleus  moves  inwards  these  two  bones  become  firmly  locked.  The  re- 
sult of  this  is,  that  when  air  is  blown  into  the  tympanic  cavity,  the 
membrana  tympani  can  move  outwards  without  dragging  the  stapes  out 
of  the  fenestra  ovalis. 

653.  The  uses  of  the  Tympanic  Cavity  are  very  obvious.  One  of  its 
purposes  is  to  render  the  vibrations  of  the  membrane  quite  free ;  and  the 
other,  to  isolate  the  chain  of  bones  in  such  a  manner  as  to  prevent  their 
vibrations  from  being  weakened  by  diffusion  through  the  surrounding 
solid  parts.  As  to  the  objects  of  the  Eustachian  Tube,  opinions  have 
been  much  divided.  Many  of  these  opinions,  however, — such  as  the  one 
most  commonly  entertained,  that  it  serves  the  same  purpose  as  the  hole 
in  an  ordinary  drum,  removing  an  impediment  to  the  free  vibration  of 
the  membrane  that  would  be  offered  by  the  complete  inclosure  of  the 
air  within, — are  at  once  negatived  by  the  fact,  which  seems  to  have  been 
demonstrated  by  Mr.  Toynbee  and  Dr.  Jago,f  that  the  guttural  orifice  of 
the  tube  is  usually  closed,  being  only  opened  during  the  act  of  swallow- 
ing. \  The  principal  object  of  the  Eustachian  tube  (which  is  always 
found  where  there  is  a  tympanic  cavity)  seems  to  be  the  maintenance  of 
equilibrium  between  the  air  within  the  tympanum  and  the  external 
air;  and  Dr.  Jago  holds  that  the  normally  closed  condition  is 
a  provision  against  the  ingress  of  aerial  undulations  from  the  throat, 
which  if  admitted,  would  threaten  the  membrana  tympani  with  in- 
cessant oscillations,  and  that  as  the  moment  seized  for  bringing  the 
tympanum  into  communication  with  the  fauces  must  be  one  in  which 
there  can  be  no  respiratory  current,  the  period  selected  is  the  instant  of 
swallowing,  at  which  instant  there  is  a  compulsory  suspension  of  respira- 
tion ;  so  that  neither  shouting,  singing,  whistling,  nor  coughing  can  be 
performed.§  It  also  has  the  office  of  conveying-away  mucus  secreted 
in  the  cavity  of  the  tympanum,  by  means  of  the  vibratile  cilia  which 
clothe  its  lining  membrane ;  and  the  deafness  consequent  on  occlusion 
of  this  tube,  is  in  part  explicable  by  the  accumulation  which  then  takes- 
place  in  the  cavity.  From  what  has  been  stated,  it  is  evident  that 
sonorous  undulations  in  the  air  will  be  propagated  to  the  fluid  contained 

*  "  Ueber  die  Mechanik  der  Gehorknochelchen,"  Pfluger's  "  Archiv,"  1868.  See 
Humphry  and  Turner's  "Journal  of  Anatomy,"  vol.  iii.  1868,  p.  219.  , 

t  See  his  very  interesting  essays  in  the  "  Med.-Chir.  Eeview,    1867,  pp.  uo  - 
496. 

t  Loc.  cit.,  and  "Proceedings  of  the  lioyal  Society,"  1852.  ,  . 

§  Lucre,  "Archiv  f.  Ohrenheilk.,"  Bd.  iii.  p.  186,  maintains  that  exchange «  » 
in  the  lympanum  takes  place  during  the  ordinary  acts  of  respiration,  ana 
)io(  limited  to  the  instant  of  swallowing. 
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in  the  labyrinth, — through  the  tympanum,  the  chain  of  bones,*  and  the 
membrane  of  the  fenestra  ovalis  to  which  the  stapes  is  attached, — with- 
out any  loss,  but  rather  an  increase  of  intensity.  It  is  of  great  im- 
portance, as  Dr.  Jago  has  shown,  that  the  external  surface  of  the  mem- 
brana  tympani  shotdd  be  clean  and  free  from  moisture,  since  if  it  be 
rendered  moist  the  power  of  hearing  is  immediately  lessened  ;  and  since 
its  inner  surface  is  continually  moist,  an  additional  argument  is  furnished 
for  the  view  that  sonorous  undulations  are  chiefly  conveyed  through  the 
ossicula,  and  not  through  the  air  contained  in  the  tympanum.  Why  water 
should  be  chosen  as  the  medium  through  which  the  impression  is  to  be 
made  upon  the  nerve,  it  is  impossible  for  us  to  say  with  anything  like 
certainty,  in  our  present  state  of  ignorance  as  to  the  physical  character 
of  that  impression.  But  the  problem  being  to  communicate  to  water 
the  sonorous  undulations  of  air,  the  experimental  results  already  de- 
tailed satisfactorily  prove  that — whilst  this  may  be  accomplished,  in  a 
degree  suflicient  for  the  wants  of  the  inferior  animals,  by  the  simple  in- 
terposition of  a  membrane  between  the  air  and  the  fluid, — the  tympanic 
apparatus  of  the  higher  classes  is  most  admirably  adapted  for  this 
purpose.  The  fenestra  ovalis  is  not,  however,  the  only  channel  of 
communication  between  the  tympanum  and  the  labyrinth  ;  for  there  is 
in  most  animals  a  second  aperture,  the  fenestra  rotunda,  leading  into  the 
cochlea,  and  simply  covered  with  a  membrane.  It  is  generally  supposed 
that,  the  labyrinth  being  filled  with  a  nearly  incompressible  fluid,  this 
second  aperture  is  necessary  to  allow  the  free  vibration  of  that  fluid  ; 
the  membrane  of  the  fenestra  rotunda  being  made  to  bulge-out,  as  that 
of  the  fenestra  ovalis  is  pushed-in.  It  may  be  easily  shown  by  experi- 
ment, however,  as  well  as  by  reference  to  comparative  anatomy,  that  no 
such  contrivance  is  necessary ;  for  sonorous  undulations  may  be  excited 
in  a  non-elastic  fluid,  completely  inclosed  within  solid  walls  at  every  part, 
except  where  these  are  replaced  by  the  membrane  through  which  the 
vibrations  are  propagated ;  and  this  is  precisely  the  condition,  not  only 
of  Invertebrated  animals,  but  even  of  Frogs ;  in  which  last  a  tympanic 
apparatus  exists,  without  a  second  orifice  into  the  labyrinth.  Moreover 
it  is  certain,  that  the  vibrations  of  the  air  in  tho  cavity  of  the  tympanum 
must  of  themselves  act  upon  the  membrane  of  the  fenestra  rotunda ; 
and  this  is  perhaps  the  most  direct  manner  in  which  the  fluid  in  the 
cochlea  will  be  affected,  although  it  will  ultimately  be  thrown  into  much 
more  powerful  action,  by  the  transmission  of  vibrations  from  the  vesti- 
bule. For  it  has  been  satisfactorily  determined  by  experiment  (xn.), 
that  vibrations  are  transmitted  with  very  much  greater  intensity  to 
water,  when  a  tense  membrane,  and  a  chain  of  insulated  solid  bodies 
capable  of  free  movement,  are  successively  the  conducting  media,  than 
when  the  media  of  communication  between  the  vibrating  air  and  the 
water  are  the  same  tense  membrane,  air,  and  a  second  membrane  : — or, 
to  apply  this  fact  to  the  organ  of  hearing,  the  same  vibrations  of  the  air 
let  upon  the  fluid  of  the  labyrinth  with  much  greater  intensity,  through 
the  medium  of  the  chain  of  auditory  bones  and  the  fenestra  ovalis,  than 
through  the  medium  of  the  air  of  the  tympanum  and  the  membrane 

*  For  papers  showing  that  sounds  are  chiefly  conducted  through  the  bones  of  tho 
ympanum,  see  J.  Jago,  in  "  Proceedings  of  Koyal  Society,"  1857-59,  vol.  ix.  p.  134  ; 
*nd  J.  Toynbee,  in  idem,  1859-60,  vol.  x.  p.  32. 
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closing  the  fenestra  rotunda,  which  last,  it  is  maintained  by  Dr.  Jago,  has 
little  if  any  influence  in  the  transmission  of  sounds  to  the  internal  Ear. 
— The  fenestra  rotunda  is  not  to  be  considered  as  having  any  peculiar 
relation  with  the  cochlea ;  since,  in  the  Turtle  tribe,  the  former  exists 
without  the  latter. 

654.  It  is  obviously  in  the  Labyrinth  as  a  whole,  that  the  sonorous 
vibrations  are  brought  to  bear  upon  the  Auditory  nerve  spread-out  to 
receive  them.  In  regard  to  the  special  functions  of  particular  parts  of 
the  labyrinth,  however,  no  certainty  can  be  said  to  exist.  The  membrane 
which  lines  its  cavities  not  only  contains  a  liquid  (the  endo-lympli),  but 
is  also  separated  from  the  osseous  wall  by  another  collection  of  liquid,  the 
peri-lymph ;  so  that  it  is  suspended,  as  it  were,  in  a  liquid  which  bathes 
both  its  surfaces.  In  the  cavity  of  the  Vestibule,  which  is  subdivided  by 
a  membranous  partition  into  two,  are  round  small  masses  of  concretionary 
particles,  collectively  named  otoconia,  or  ear-powder  ;  these  are  obviously 
the  rudiments  of  the  otoliths,  or  ear-stones,  whose  presence,  in  animals 
with  a  less  perfect  auditory  apparatus,  seems  needful  to  intensify  the 

Fig.  198. 
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Vertical  Section  of  the  Human  Ear,  the  internal  portions  on  an  enlarged  scale  r—  a,  h,  c, 
external  ear;  d,  entrance  to  auditory  canal,/;  e,  e,  petrous  portion  of  temporal  bone;  g, 
membraua  tympani ;  h,  cavity  of  the  tympanum,  the  chain  of  bones  being  removed ;  i, 
openings  from  this  cavity  into  the  cells,  excavated  in  the  bone ;  on  the  side  opposite  the 
membrana  tympani  are  seen  the  fenestra  ovalis  and  rotunda;  k,  Eustachian  tube;  /,  ves- 
tibule ;  tn,  semicircular  canals ;  n,  cochlea;  o,  auditory  nerve  ;  p,  canal  for  carotid  artery ; 
q,  part  of  glenoid  fossa ;  r,  styloid  process ;  s,  mastoid  process. 


undulations. — It  is  commonly  supposed  that  the  Semicircular  Corals 
have  for  their  peculiar  function,  to  receive  the  impressions  by  which  we 
distinguish  the  direction  of  sounds ;  and  it  is  certainly  a  powerful  argu- 
ment in  support  of  this  view,  that,  in  almost  every  instance  in  wliic  i 
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these  parts  exist  at  all,  they  hold  the  same  relative  positions  as  in  Man, 
their  three  planes  being  nearly  at  right  angles  to  one  another.  The  idea, 
however,  must  be  regarded  as  a  mere  speculation,  the  value  of  which 
cannot  be  decided  without  an  increased  knowledge  of  the  laws  according 
to  which  sonorous  vibrations  are  transmitted;  but  it  receives  a  certain 
degree  of  confirmation  from  the  curious  movements  witnessed  by  M. 
'}  Flourens  after  section  of  one  or  other  of  these  canals  (§  528). — Regarding 
the  special  function  of  the  Cochlea,  there  is  precisely  the  same  uncertainty. 
It  has  been  surmised  by  M.  Duges,  that  by  the  Cochlea  we  are  especially 
enabled  to  estimate  the  pitch  of  sounds,  particularly  of  the  voice ;  and 
he  adduces,  in  support  of  this  idea,  the  fact,  that  the  development  of 
the  cochlea  follows  a  very  similar  proportion  with  the  compass  of  the 
voice.  This  is  much  the  greatest  in  the  Mammalia  ;  less  in  Birds ;  and 
n  Reptiles  which  have  little  true  vocal  power,  the  cochlea  is  reduced 

0  its  lowest  form,  disappearing  entirely  in  the  Amphibia.  That  there 
should  be  an  acoustic  relation  between  the  voice  and  ear  of  each  species 
>f  animal,  cannot  be  regarded  as  improbable ;  and  the  speculation  of 
jl.  Duges  derives  confirmation  from  the  researches  of  Helmholtz,  who 

I  .ppears  to  consider  that  the  function  of  the  cochlea  stands  in  intimate 
i  elation  with  our  power  of  discriminating  differences  in  the  quality  of 
founds.     This  will  naturally  follow  from  his  demonstration  that  the 
Bftiwi&re  depends  upon  the  harmonic  combinations  ;  if  it  be  the  function 
I  f  the  cochlea  to  discriminate  pitch.    According  to  his  observations,  the 
individual  branches  of  the  auditory  nerve  are  only  capable  of  distinguish- 
Hbig  simple,  pendulum-like  vibrations ;  but,  as  already  stated  (§  647), 
1 11  ordinary  sounds  are  compound  in  their  nature,  the  fundamental  note 
m  eing  accompanied  by  harmonics  ;  these  throw  corresponding  fibres  into 
japibration,  and  produce  an  impression  which  may  be  likened  to  a  colour. 
k«he  analogy  which  exists  between  the  power  of  distinguishing  colours 
m  id  that  of  discriminating  musical  tones  has  long  been  recognized  ;  and 
1 1\  hilst  we  find  that  some  persons  are  endowed  with  the  latter,  which  is 
[titmmonly  known  as  a  4  musical  ear,'  in  a  degree  that  renders  it  a  source 

1  great  discomfort  to  them  (since  every  discordant  sound  is  a  positive 
tit  rment),  others  are  altogether  destitute  of  it, — the  deficiency  being  very 
t|ialogous  to  the  'colour-blindness'  formerly  described  (§  639).    It  is 

I  •'t  a  little  curious,  that  the  two  defects  are  occasionally  co-existent  in 
I  3  same  individuals.* 

I  655.  We  have  now  to  consider  the  functions  of  the  accessory  parts, — 
I  e  External  Ear,  and  the  Meatus.    The  Cartilage  of  the  external  ear 
vy  propagate  sonorous  vibrations  in  two  ways  ;  by  reflection,  and  by 
aduction.    In  reflection,  the  concha  is  the  most  important  part,  since 
rlirects  the  reflected  undulations  towards  the  tragus,  whence  they  are 
I  'own  into  the  auditory  passage.    The  other  inequalities  of  the  external 
I '  cannot  promote  hearing  by  reflection ;  and  the  purpose  of  the  exten- 
|  n  of  its  cartilage  is  evidently  to  receive  the  sonorous  vibrations  from 
I  ■  air,  and  to  conduct  them  to  its  source  of  attachment.    In  this  point 
view  the  inequalities  become  of  importance;  for  those  elevations  and 
I  sessions  upon  which  the  undulations  fall  perpendicularly,  will  be 
I  ^cted  by  them  in  the  most  intense  degree  ;  and  in  consequence  of  the 
[  See  a  collection  of  such  cases  by  Dr.  Pliny  Earle,  in  "  Amer.  Journ.  of  Mod.  Sci.," 
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varied  form  and  position  of  these  inequalities,  sonorous  undulations  in 
whatever  direction  they  may  come,  must  fall  advantageously  upon  some 
of  them. — The  functions  of  the  Meatus  appear  to  be  threefold.  The 
sonorous  undulations  entering  from  the  atmosphere  are  propagated 
directly,  without  dispersion,  to  the  membrana  tympani :  the  sonorous 
undulations  received  on  the  external  ear  are  conveyed  along  the  walls 
of  the  meatus  to  the  membrana  tympani :  whilst  the  air  which  it  con- 
tains, like  all  insulated  masses  of  air,  increases  the  intensity  of  sounds 
by  resonance.    That  in  ordinary  hearing,  the  direct  transmission  of  at- 
mospheric vibrations  to  the  membrana  tympani  is  the  principal  means 
of  exciting  the  reciprocal  vibrations  of  the  latter,  is  sufficiently  evident  • 
the  undulations  which  directly  enter  the  passage,  will  pass  straight  on  to 
the  membrane ;  while  those  that  enter  obliquely  will  be  reflected  from  side 
to  side,  and  at  last  will  fall  obliquely  on  the  membrane,  thus  perhaps 
contributing  to  the  notion  of  direction.    The  power  of  the  lining  of  the 
meatus  to  conduct  sound  from  the  external  ear,  is  made  evident  by  the 
fact,  that,  when  both  ears  are  closely  stopped,  the  sound  of  a  pipe 
having  its  lower  extremity  covered  by  a  membrane,  is  heard  more  dis- 
tinctly when  it  is  applied  to  the  cartilage  of  the  external  ear  itself,  than 
when  it  is  placed  in  contact  with  the  surface  of  the  head.  The  resonant 
action  of  the  air  in  the  tube  is  easily  demonstrated,  by  lengthening  the 
passage  by  the  introduction  of  another  tube  ;  the  intensity  of  external 
sounds,  and  also  that  of  the  individual's  own  voice,  as  heard  by  himself, 
is  then  much  increased. 

656.  Many  facts  prove,  however,  that  the  fluid  of  the  Labyrinth  may 
be  thrown  into  vibration  in  other  ways  than  by  the  Tympanic  apparatus. 
Thus  in  Osseous  Fishes,  it  is  only  by  the  vibrations  transmitted  through 
the  bones  of  the  head,  that  hearing  can  take  place.  There  are  many 
persons,  again,  who  can  distinctly  hear  sounds  which  are  thus  trans- 
mitted to  them ;  although,  through  some  imperfection  of  the  tympanic 
apparatus,  they  are  almost  insensible  to  those  which  they  receive  in  the  | 
ordinary  way.  It  is  evident,  where  this  is  the  case,  that  the  nerve  must 
be  in  a  state  fully  capable  of  functional  activity ;  and  on  the  other  hand, 
where  sounds  cannot  thus  be  perceived,  there  will  be  good  reason  to 
believe  that  the  nerve  is  diseased. 

657.  The  power  of  distinguishing  the  direction  of  sounds  appears  to 
be,  in  Man  at  least,  for  the  most  part  acquired  by  habit ;  for  it  is  some 
time  before  the  infant  seems  to  know  anything  of  the  direction  of  noises 
which  attract  his  attention.  Our  judgment  as  to  this  point  is  probably 
assisted,  in  most  cases,  by  a  difference  in  the  intensity  of  the  sensations 
received  through  the  two  ears  respectively  ;  but  since  we  have  a  certain 
power  of  appreciating  direction  when  one  ear  alone  is  used,  this^  power 
must  depend  upon  an  exercise  of  perceptive  discrimination  (which  is 
probably  acquired,  rather  than  intuitive,)  in  regard  to  the  impressions 
which  we  receive  through  its  means;  and  it  has  been  already  mentioned  i 
that  the  Semicircular  canals  (§  654)  appear  to  furnish  the  instru- 
mentality by  which  our  minds  are  enabled  to  take  cognizance  of  sucn 
differences.— The  idea  of  the  distance  of  the  sonorous  body  is  an0^ 
acquired  perception,  depending  principally  upon  the  loudness  or  aw  I 
ness  of  the  sound,  when  we  have  no  other  indications  to  guide  us. 
this  respect  there  is  a  great  similarity  between  the  perception  o 
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distance  of  an  object,  through  the  Bye  by  its  size,  and  through  the  Ear 
by  the*  intensity  of  its  sound.    When  we  are  acquainted  with  the  usual 
intensity  of  its  sound,  we  can  judge  of  its  distance ;  and  vice  versd,  when 
we  know  its  distance,  we  can  at  once  form  an  idea  of  its  real  strength 
of  tone  from  that  with  which  our  ears  are  impressed.    In  this  manner, 
'he  mind  may  be  affected  with  corresponding  deceptions  through  both 
senses :  for  as,  in  the  Phantasmagoria,  the  figure  being  gradually 
liminished  whilst  its  distance  remains  the  same,  it  appears  to  the 
I  spectators  to  recede  (the  illusion  being  more  complete  if  its  brightness 
I  i>e  at  the  same  time  diminished) ;  so  the  effect  of  a  distant  full  military 
!  wnd  gradually  approaching,  may  be  alike  given  by  a  corresponding 
•i-escendo  of  concealed  instruments.    It  is  upon  the  complete  imitation 
|  >f  the  conditions  which  govern  our  ideas  of  the  intensity  and  direction, 
a  well  as  of  the  character,  of  sounds,  that  the  deceptions  of  the  Ventri- 
I  oquist  are  founded.    A  very  curious  instance  of  the  degree  in  which 
.  .ur  auditory  interpretation  is  affected  by  other  sense-perceptions,  is 
|  ifforded  by  the  '  Ghost'  exhibition   which   has   recently  been  so 
•opular ;  for  it  is  scarcely  possible  to  avoid  referring  to  the  place 
•  I  vhere  they  seem  to  be  made,  sounds  which  are   really  produced 
v  klsewhere.  \ 

658.  The  Auditory  sense,  like  the  visual,  may  vary  considerably 
[itmong  different  individuals,  both  as  regards  its  general  acuteness,  and 
\  3  respects  its  discriminative  power  for  particular  classes  of  impressions, 
j  [ach  depends  upon  the  habit  of  attention  to  its  indications  ;  and  thus  it 
slomes  to  pass,  that  the  power  of  hearing  very  faint  sounds  and  of  re- 
;;Lognizing  their  source,  becomes  augmented  to  a  wonderful  degree  in 
auose  individuals  who  are  obliged  to  trust  to  the  knowledge  thus 
:  Inquired  for  the  direction  of  their  own  actions  ;  whilst,  in  like  manner, 
line  power  of  distinguishing  slight  differences  in  the  pitch  of  sounds, 
J4>ay  be  so  cultivated  (where  it  is  not  congenitally  deficient)  as  to  attain 
1 1  intensity  that  seems  very  extraordinary  to  those  who  have  not 
j  L  ;customed  themselves  to  listen  for  them.    The  general  cultivation  of 
1 1- is  sense  is  perhaps  most  remarkable  in  blind  persons,  who  have  enabled 
V  emselves,  by  reliance  upon  it,  to  walk-about  freely,  even  in  the 
b  wded  thoroughfares  of  the  Metropolis  ;  and  who  are  not  only  able  to 

I  .dge  of  the  habits  of  individuals  whom  they  meet,  by  the  sound  of  their 
>  footsteps  (at  once  recognizing,  for  instance,  the  footstep  of  a  policeman 

I I  duty),  but  can  even  tell  when  they  are  passing  a  stationary  object 
I  ich  as  a  lamp-post),  provided  it  be  as  high  as  the  ear  or  nearly  so,  by 
I  e  reverberation  of  the  sound  of  their  own  footsteps,  and  can  discri- 
t  inate  between  a  lamp-post  and  a  man  standing-still  in  the  position  of 
J  e,  by  the  same  means.*  The  effect  of  habitual  attention  in  increasing 
J  e  discriminative  power  for  impressions  of  one  particular  kind,  is 

rhaps  best  seen  in  the  ability  which  is  possessed  by  certain  Conductors 
i:  orchestral  performances,  to  detect  the  slightest  departure  from  time  or 
I  ae  in  the  sound  of  any  one  of  (perhaps)  a  hundred  instruments  that 

)  simultaneously  sounding,  and  to  fix  without  hesitation  upon  the 
|  ilty  instrumentalist.  Seebeck,  indeed,  affirms  that  accomplished 
j  isicians  can  detect  a  difference  in  pitch  between  two  sounds  which 

I  *  See  the  account  of  a  blind  boot-lace-peller  given  by  Mr.  fl.  Mayhew,  in  his 
#  -ondon  Labour  and  the  London  Poor."  vol.  i.  p.  402. 
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only  differ  by  l-1200th  in  the  number  of  their  vibrations.*  According 
to  the  researches  of  MM.  Renz  and  Wolff,f  our  faculty  of  estimating 
differences  in  the  intensity  of  sounds  is  much  less  perfect.  When  the 
intensities  of  two  sounds  are  to  one  another  as  7  to  10,  the  difference 
can  be  distinguished,  but  not  when  they  are  in  the  relation  of  9  to  10. 
The  advantage  resulting  from  the  simultaneous  employment  of  the  two 
ears  in  distinguishing  minute  differences  in  the  intensity  and  pitch  of 
sounds,  is  well  shown  in  the  experiment  suggested  by  M.  Weber,  of 
holding  two  watches  in  the  hand  before  one  ear,  when  it  will  be  found 
that  the  successive  sounds  can  be  distinctly  heard,  though  they  cannot 
be  distinguished  one  from  the  other,  whilst  if  one  be  held  in  front  of 
each  ear  the  two  sounds  can  be  clearly  discriminated. 

659.  Facts  of  much  interest  have  been  ascertained,  some  of  which  have 
been  already  alluded-to  (§  472),  in  regard  to  an  occasional  difference  in 
the  rapidity  of  the  perception  of  sensory  impressions,  received  through  the 
Eye  and  through  the  Ear  respectively.  These  facts  are  the  result  of  com- 
parisons made  amongst  different  Astronomical  observers,  who  may  be 
watching  the  same  visual  phenomenon,  and  '  timing'  their  observations 
by  the  same  clock  :  for  it  has  been  remarked,  that  some  persons  see  the 
same  occurrence,  a  third  or  even  a  half  of  a  second  earlier  than  others.  | 
There  is  no  reason  to  suppose  from  this,  however,  that  there  is  any 
difference  in  the  rate  of  transmission  of  the  sensory  impressions  in  the 
two  nerves.    The  fact  seems  rather  to  be,  that  the  Sensorium  does  not 
readily  perceive  two  impressions  of  different  kinds  with  equal  distinct- 
ness ;  and  that,  when  several  such  impressions  are  made  on  the  senses  at 
the  same  time,  the  mind  takes  cognizance  of  one  only,  or  perceives  them 
in  succession.    When,  therefore,  both  sight  and  hearing  are  directed 
simultaneously  to  two  objects,  the  communication  of  the  impression 
through  one  sense  will  necessarily  precede  that  made  by  the  other.  The 
interval  between  the  two  sensations  is  greater  in  some  persons  than  in  I 
others ;  for  some  can  receive  and  be  conscious  of  many  impressions,  i 
seemingly  at  the  same  moment ;  whilst  in  others  a  perceptible  space  must 
elapse.    The  '  personal  equation'  of  each  observer  in  an  Observatory, 
has,  therefore,  to  be  determined  and  allowed-for.| 

660.  Amongst  other  important  offices  of  the  sense  of  Hearing,  is  thatl 
of  supplying  the  sensations  by  which  the  Voice  is  regulated.  It  is  welll 
known  that  those  who  are  born  entirely  deaf,  are  also  dumb;  that  is,j 
they  do  not  spontaneously  or  imitatively  form  articulate  sounds,  though  I 
not  the  least  defect  may  exist  in  their  organs  of  voice.  Hence  it  appearsl 
that  the  vocal  muscles  are  usually  guided  in  their  action  by  the  sensations! 

«  See  Ludwig,  "  Physiologie,"  vol.  i.  p.  380  ;  and  Beclard,  "Physiol.,"  1862,  p.  1858. 
+  "  Archiv  f.  Phys.  Heilk.,"  1856.  I 
J  In  all  the  best  Observatories,  an  arrangement  is  now  made  for  recording  obsei va-i 
tions  which  supersedes  the  necessity  of  timing  them  by  simultaneous  attention  to  1  I 
clock.    The  observer  who  is  watching  tbe  transit  of  a  star  (for  example)  across i  u  i 
meridian,  simply  presses  a  button  at  the  moment  when  he  witnesses  its  contac  i 
the  cross-wire.    This  pressure  breaks  an  electric  circuit,  which  is  so  connecte a  ^cjj.  J 
chronometer  as  to  stop  it  instantaneously,  and  thus  automatically  to  record  the  p  I 
time  of  the  phenomenon.    Since  this  plan  has  been  adopted,  it  has  .been,loun."TivCn| 
"  personal  equation"  nearly  or  altogether  disappears;  thus  confirming  the  vie w      t  I 
above  as  to  its  dependence  on  the  distraction  of  the  attention  between  the  twt >j  i 
of  perception.    For  interesting  papers  on  the  subject  of  this  parag ™P«.  "»  ..   Al90l  I 
'  the  Sense  of  Time  in  the  Ear,'  Moleschott's  "  Unters.,"  Band.  x.  1866,  ncnn. 
idem  "  On  the  Accommodation  of  the  Ear"  in  idem,  p.  201. 
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received  through  the  Ears,  in  the  same  manner  as  other  muscles  are 
guided  by  the  sensations  received  through  themselves ;  but  when  the 
former  are  deficient,  the  action  of  the  vocal  muscles  may  be  guided  by  the 
latter  (§  539). — That  the  perceptions  obtained  by  the  auditory  nerve 
should  be  capable  of  being  more  quickly  perceived  and  registered  than 
those  received  through  the  optic  is  not  surprising,  since  the  course  of  the 
former  is  much  shorter  than  that  of  the  latter.  The  following  table  gives 
the  results  of  several  observers  in  regard  to  the  physiological  time  of 
che  several  senses  of  sight,  hearing,  and  touch ;  or  in  other  words  the 
whole  term  occupied  between  the  occurrence  of  an  event  and  its 
registration  : — 

For  vision.  For  hearing. 

Hirsch    .    .    .    0"2    0'149 

Hankel  .    .    .    0-2057    0-1505 

Donders.    .    .    0-188    8-18 

Wittich*    .    .    0-194    0-182 

By  subtracting  the  physiological  time  for  auditory  impressions  from 
Shose  for  optical  impressions,  it  appears  that  the  rapidity  of  the  con- 
luction  of  sensory  impulses  is  comparatively  slow.  On  the  highest 
Bstimate  not  exceeding  7*35  meters  per  second,  and  on  the  lowest, 
imounting  to  only  1*068  meters  per  second. 


For  common  sensation. 
0-182  hand. 
0-1548  „ 
0'154  neck. 
0-1301  forehead. 


CHAPTER  XV. 
ON  THE  STRUCTURE  AND  FUNCTIONS  OF  MUSCULAR  TISSUE. 

1.  Structure  of  Muscular  Tissue. 

661.  The  capability  of  executing  movements  effecting  change  of  place  or 
>f  form  is  a  power  that  is  so  widely  distributed  through  the  animal  body, 
hat  it  has  been  questioned  whether  every  cell  or  mass  of  germinal 
natter  does  not  possess  it  at  some  period  of  its  development.  The 
radual  alteration  of  shape  exhibited  by  the  white  corpuscles  of  the 
•lood  (§  175),  by  the  corpuscles  of  lymph  (§  147),  and  pus  (§  377),  by 
ae  salivary  corpuscles  (§  99),  and  connective  tissue  (§  40),  and  by 
'igment-J-  and  cartilage  cells  as  well  as  the  rhythmical  protoplasmic  move- 
leuts  observed  in  the  eggs  of  osseous  fishes, J  represent,  perhaps,  the 
implest  modes  in  which  this  power  is  displayed.    The  movements 
resented  by  the  greater  number  of  these  cells  or  corpuscles  re- 
liable those  performed  by  the  germinal  mass  of  which  an  Amoeba  is 
imposed,  the  form  altering  from  round  to  oval  or  guitar  shape,  and 
rocesses  being  thrust  out  at  various  points  into   which   the  body 
i  the  corpuscle  is  again  drawn,  by  which  a  veritable  locomotion  is 

*  See  Von  Wittich' s  paper  in  Henle  and  Meissner's  "Zeitschrift,"  1868,  Bd.  xxxi. 
:  87.  r  * 

t  The  pigment  cells  in  the  skin  of  the  frog  appear,  from  the  experiments  of  Mr. 

ster,  "  Phil  Trans.,"  1858,  to  be  in  some  measure  under  the  influence  of  the  nervous 
[  f?™'  ana"  the  black  particles  in  them  when  set  free  by  the  rupture  of  the  cell, 
■  wbii ;  remarkable  quivering  movements  termed  Brunonian  movements. 

+  W.  H.  Ransom,  M.D.,  Humphry  and  Turner's  "  Joum.  of  Anat.  and  Physiol.," 
F    i.  p.  237. 
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effected.  The  movements  occurring  in  the  fission  and  cleavage  of  cells 
appear  to  belong  to  the  same  category.  In  all  these  instances  the 
motions  are  usually  slow  and  interrupted,  but  are  rendered  more 
energetic  and  lively  by  warmth  and  electricity,  and  are  retarded  by 
cold.  In  Dr.  Ransom's  experiments,  the  presence  of  oxygen  in  the 
surrounding  medium  was  found  to  be  requisite  for  the  exercise  of  the 
property  of  the  rhythmic  contractility  possessed  by  the  food  yolk,  as 
well  as  of  the  fissile  contractility  of  the  formative  yolk,  whilst,  on  the 
other  hand,  the  presence  of  carbonic  acid  rapidly  checked,  or  altogether 
arrested  them.  The  several  movements  here  alluded  to  appear  to  be  of 
the  same  kind  as  those  observed  in  the  contraction  of  muscle,  only  that 
the  power  is  generally  diffused  through  the  whole  of  the  cell  or  mass 
of  germinal  matter,  instead  of  being  limited  to  an  organ  of  definite 
structure  ;  just  as  in  some  of  the  lower  animals  the  power  of  perceiving 
light  seems  to  be  diffused  through  the  body,  when  no  distinct  organ  of 
vision  has  as  yet  been  developed. 

662.  A  second  kind  of  movement  is  presented  by  the  cells  of  ciliated 
epithelium  (§  39),  which  line  parts  of  the  respiratory  and  genito- 
urinary apparatus  in  man,  and  in  him  appear  to  have  as  their  office  the 
establishment  of  currents  directed  towards  the  exterior  of  the  body  in  the 
fluids  covering  the  surface  of  these  membranes  ;  whilst  in  animals  they 
frequently  constitute  important  agents  in  effecting  locomotion,  and  in  the 
procurement  of  food.  The  vibrations,'  which  are  upwards  of  700  per 
minute,*  do  not  appear  to  be  in  any  way  under  the  control  of  the  nervous 
system,  since  they  persist  long  after  somatic  death  ;  nor  are  they  materially 
affected  by  chemical  or  toxic  agents,  unless  these  are  sufficiently  powerful 
to  produce  structural  or  organic  changes.  According  to  Kuhne,  j  the 
presence  of  oxygen  is  indispensable  for  the  continuance  of  the  move- 
ment. The  vibratile  motions  presented  by  the  spermatozoa  appear  to 
be  of  the  same  nature  as  those  of  ciliated  epithelium,  and  each  zooid 
may  be  regarded  as  a  cell,  provided  with  a  single  cilium.  Neither  in 
these  cells  nor  in  the  corpuscles  mentioned  in  the  foregoing  section  are 
any  morphological  characters  discernible.! 

663.  Putting  aside  these  cases,  however,  all  the  sensible  movements 
of  the  body  are  effected  by  one  or  other  of  two  forms  of  tissue  to  which 
the  term  muscular  has  been  applied.  The  first  of  these,  termed  the 
smooth  or  unstriped  variety  of  muscle,  consists  of  flattened  bands,  which 
are  stated  by  Kolliker  to  be  composed  of  long,  fusiform  cells  (Fig-  199), 
with  staff-shaped,  elongated  nuclei ;  the  length  of  the  cells  varying  from 
l-1125th  to  l-50th  of  an  inch,  and  their  breadth  from  l-562oth  to 
1-1 125th  of  an  inch.  Prof.  Ellis§  has  recently,  however,  thrown  some 
doubt  upon  the  cellular  character  of  unstriated  muscular  tissue ;  and 
has  described  it  as  composed  of  long,  slender,  rounded  cords  of  uniform 

*  Engelmann,  "  Centralblatt,"  1867,  No.  42. 
+  Schultze's  "  Archiv,"  Bd.  ii.  1867,  p.  372. 
t  Unless  indeed  the  strife  described  by  Dr.  A.  Stuart  ("  Zeits.  f.  rat.  Med.,  Bd.  ?»• 
p.  288),  as  extending  from  the  base  of  each  cilium  to  the  nucleus  and  attach^,  ' 
tremity  of  the  cell  are  to  be  regarded  as  representing  extremely  fine  muscular  i  ■ 
Dr.  Stuart's  observations  were  made  on  the  cells  of  the  ciliated  epithelium  ot  cer 
species  of  Eolis.    He  has  counted  from  40  to  60  bands  in  each  cell,  and  describe, 
nucleus  of  the  cell  as  being  moved  hither  and  thither  by  their  contraction. 

§  See  "  Proceedings  of  the  Royal  Society,"  vol.  viii.  p.  212,  and  vol.  ix.  p-  oio. 
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Fig.  199. 


width,  except  at  the  ends,  where  they  are  fixed  by  tendinous  tissue ;  the 
fibres  being  interwoven  into  a  kind  of  meshwork,  and  varying  greatly 
an  size  in  the  same  bundle.    This  form  of 
muscular  tissue  is  found  in  a  nearly  pure 
state,  unmixed  with  other  tissue,  in  the  nipple, 
:orium,  ciliary  muscle,  intestinal  canal,  blad- 
der, prostate,  vagina,  and  in  the  smaller 
irteries,  veins,  and  lymphatics ;  and  mingled 
with  much  areolar,  fibrous,  and  elastic  tissue 
,.n  the  trabecule  of  the  spleen  and  corpora 
n;avernosa,  the  dartos,  the  circular  fibres  of 
;;jie  larger  arteries  and  veins,  the  urethra, 
! --fallopian  tubes  and  uterus,  in  the  trachea 

md  bronchi,  and  in  the  ciliary  muscle  of  the 
-.rye,  the  choroid  coat,  and  the  iris. 

664.  The  second  variety  of  Muscular  tissue 
presents  transverse  striae  under  the  micro- 
Lcope,  and  occurs  in  all  those  muscles  that 
[■  re  usually  termed  "  voluntary ,  though  its 
I  resence  in  the  heart,  rectum,  and  pharynx 
L  lows  that  it  is  not  limited  to  these  alone. 

•n  examining  the  structure  of  a  striated 
j  tuscle  it  is  found  to  be  easily  separable 

ito  coarser  or  finer  fasciculi  connected  by 

I  ieans  of  areolar  tissue,  and  these  on  more 
li.inute  dissection  can  be  shown  to  consist  of 

i        i   .    i    i         i  i      nL  .,i        Fusiform  cells  of  Smooth  Muscu- 

i  ansversely  striated  polygonal  fibres  with  lar  mbre>  from  the  renai  vein  of 
f  iree  or  five  angles,  having,  in  Man,  an  average  Man  -.—a,  two  cells  in  their  natural 
l|-ameter  of  l-400tn  or  an  inch.  The  fibres  staff-shaped  nucleus;  b,  a  cell 
iequently  terminate  by  free  pointed  extremi-  ttoTgS  strong^8 

*3s  in  the  muscle,  and  occasionally  divide ;  view. 

other  times  they  become  continuous, 
j;  ther  abruptly  or  by  imperceptible  gradation  with  tendinous  or 
:  I  rong  connective-tissue  fibres.*  In  the  case  of  the  heart,  the  tissue 
!|;  stated  by  Eberthf  to  be  composed  of  transversely  striated  oblong 
>  I  Us,  often  forked  at  their  extremities,  and  containing  one  or  several 
61:  tclei.     The  divarication  of  the  terminal  portions  and  the  occasional 

I I  'esence  of  lateral  processes,  give  rise  to  the  illusory  appearance,  de- 
t  ribed  by  Skey  and  others,  of  anastomosis  occurring  between  the  fibres.^ 
•I  ie  length  of  the  fibres  in  the  Sartorius  varies,  according  to  Krause,  from 
lie-third  of  an  inch  to  one  inch  and  a  half;  and,  according  to  Dr. 
r  'col,§  whilst  in  the  small  muscles  of  the  hand  they  are  coequal  with 
I  e  length  of  the  muscle,  in  the  muscles  of  the  fore-arm  they  vary  from 

I  *  As  in  the  tongue,  Hyde  Salter  in  "  Cyclop.  Anat.  and  Phys.,"  vol.  iv.  p.  1132. 
I  >yer,  however,  maintains  that  in  such  instances  the  transparent  fibres  in  which  the 
I  acular  fibres  apparently  terminate  are  in  reality  contractile.     See  Reichert's 

tfchiv,"  1859,  p.  481. 
I  I"  Virchow's  "  Archiv,"  1866,  Bd.  xxxvii.  p.  100. 

*    It  is  usually  stated  that  no  sarcolemma  exists  around  the  cardiac  muscular 
,  I  'M.    Winkler,  however,  describes  it  as  being  present  in  the  form  of  an  extremely 

ifate  membrane.  Reichert's  "  Archiv,"  1867,  p.  221. 
if- 1  Schmidt's  "  Jahrbucher,"  Bd.  cxxxii.  1866,  p.  148. 
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l-2oth  of  an  inch  to  one  inch.  Daring  life  the  fibres  of  striated 
muscle  appear  to  be  semi-transparent  and  of  soft  consistence.*  After 
death  each  fibre  can  be  split  either  longitudinally  into  fibrill®  the 
number  of  which  has  been  estimated  at  six  or  seven  hundred  or  trans- 
versely into  a  series  of  disks ;  the  average  diameter  of  the  fibrilhe  is 
1 -9400th  of  an  inch  in  man,  and  they  are  bound  together  by  a  trans- 
parent sheath,  the  sarcolemma  (Pig.  200).    On  the  surface  of  the  sarco- 

lerama  and  sometimes  in  the  in- 
FlG-  200-  terior  of  the  fibre  are  nuclei,  con- 

taining one  or  more  nucleoli,  and 
readily  brought  into  view  by  the 
action  of  acetic  acid.  According 
.  .  to  some  observers  these  are  to  be 

tit     ,  i    .  v    •   \x.        regarded  as  the  remains  of  the  ori<q. 

Muscular  tibre  broken  across,  showing  the  un-        "?      ,,    r  'b1 
torn  Sarcolemma  connecting  the  fragments.       nal  Cells  trom  Which  the  muscular 

fibres  were  developed  ;  others  have 
regarded  them  as  centres  from  whence  new  muscular  fibres  may  originate ; 
others,  as  the  corpuscles  of  the  connective  tissue  distributed  through 
the  muscle,  and  therefore  as  centres  of  nutrition  analogous  to  the  lacunae 
of  bone ;  and  still  more  recently  it  has  been  maintained  that  they  are 
in  connection  with  the  ultimate  terminations  of  nerves.  The  exact 
structure  of  the  fibrillar  is  still  doubtful.  Under  high  powers  of  the 
microscrope  they  appear  to  consist  of  alternate  rectangular  light  and 
dark  particles,  constituting  the  "  sarcous  elements"  of  Mr.  Bowman. 
The  dark  particles  are  thicker  than  the  light  ones,  and  in  consequence 
of  their  being  less  easily  acted-on  by  dilute  hydrochloric  acid  and 
gastric  juice,  can  be  obtained  in  a  detached  or  separate  state  after  short 
exposure  to  the  action  of  either  of  these  fluids.  Briicke  has  described 
the  dark  particles  as  refracting  light  doubly,  whilst  the  clear  intervening 
substance  is  only  singly  refractile.f  Dr.  Marty n, J  in  examining  a  for- 
tunate specimen  of  muscular  tissue  under  a  very  high  power  (1200 
linear),  observed  large  and  small  snrcous  elements  to  occur  alternately, 
as  had  previously  been  described  by  Busk  and  Huxley  ;§  the  smaller 
one  evidently  corresponding  to  the  faint  transverse  line  traversing  the  i 
clear  space  long  ago  perceived  and  described  by  Dr.  Sharpey  and  the 
Author,  from  careful  observation  of  Mr.  Lealand's  preparations.!  The  I 

*  Kiihne  ("Physiol.  Chemie,"  1868,  p.  281;  also  Marey,  "  Eev.  des  Cours  Scient.,''  I 
tome  iii.  p.  797),  observed  a  Neinatoid  worm  (Myoryctes  Weissmannii),  move  with  | 
apparent  freedom  in  the  interior  of  a  fibre.  The  movements  of  the  worm  I 
displaced  the  strife,  which  as  it  passed  onward  resumed  their  natural  position.  I 
Besides  this  evidence  of  the  semi-fluid  nature  of  the  contents  of  the  fibre,  it  has  beeu  I 
found  that  when  a  current  of  electricity  is  passed  through  a  few  muscular  fibres,  the  I 
substance  of  the  muscle  accumulates  around  the  negative  pole,  indicating  a  certain  free-  I 
dom  of  movement  in  the  constituent  particles.  .1 
f  Briicke  further  regards  the  dark  particles  as  uniaxial  positive  crystals,  n1v,r'»  I 
their  axes  parallel  to  the  direction  of  the  fibres,  and  as  being  composed  of  minute  i 
solid  doubly-refracting  particles,  which  he  terms  disdiaclasts. 

X  Beale's  "  Archiv,"  1862,  p.  227.  .  „„Q 

§  Note  to  Kolliker's  "  Man.  of  Hum.  Histology,"  Syd.  Soc.  trans.,  vol.  i.  P-  «»• 
|  Dr.  Macnamara  ("  Med.  Times  and  Gazette,")  describes  the  niuscular.^ntf  on  | 
chameleon  when  examined  with  the  highest  powers  (-fa)  as  composed  of  a  s'ie*  d 
sarcolemma  containing  two  longitudinal  flat  bands,  connected  by  a  sdhu uy 
band,  the  shadow  or  the  approximation  of  two  coils  of  which  forms  the  ^ 
strise.    Between  the  horizontal  bands  are  open  spaces,  as  is  shown  by  their 
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Fig.  201.    (After  Kiihne.) 


muscles  receive  a  free  supply  of  blood,  the  capillary  vessels  being  arranged 
in  oblong  meshes ;  but  their  lymphatics  are  either  altogether  absent  or 
exceedingly  few  in  number.*    The  mode  of  termination  of  the  nerves 
in  muscle  has  recently  been  the  subject  of  much  investigation. J  Ac- 
cording to  Kiihne  and  Engelmann,  the  motor  nerves  divide  and  sub- 
divide till  the  fibres  run  alone  or  only  in  bundles  of  two  or  three  on  the 
outside  of  the  muscular  fibres.    After  a  short  course,  however,  they 
penetrate  the  sar oolemma,  losing  at  the  same  time  their  sheath  which 
becomes  continuous  with  the  sarcolemma,  and  the  white  substance  of 
Schwann;  whilst  the  axis  cylinder,  dipping  in  amongst  the  fibrillar,  ter- 
minates in  a  nerve-plate  or  disk,  which  melts  by  imperceptible  grada- 
tions into  the  tissue  of  the  muscle  itself.    Cohnheim,|  whilst  agreeing 
with  Kiihne  in  admitting  the  penetration  of  the  sarcolemma  by  the 
nerve  fibres,  represents  these  as  branching  and  dividing  to  a  considerable 
extent.    Kolliker  and  Beale,  on  the  other  hand,  deny  the  penetration 
of  the  sarcolemma  by   the  ultimate 
branches  of  the  motor  nerves,  but  de- 
scribe them  as  forming  a  plexus,  com- 
posed of  pale  fibres  of  extraordinary 
tenuity  (1-100, 000th  of  an  inch),  in- 
termingled with  many  nuclei  lying  on 
and  ramifying  over  the  fibres.  The 
three  accompanying  drawings  will  render 
the  views   of  Kiihne,  Cohnheim,  and 
Beale  intelligible.      The  difficulty  of 
I  determining  the  point  is  extreme,  but 
hit  may  be  observed   that  the  micro- 
kscopic  powers  at  the  disposal  of  Dr. 
r>  Beale  were  very  much  superior  to  those 
»  possessed  by  his  opponents. 

6G5.  Chemical  Com])OSitioil  of  Muscle.     Transverse  section  of  one  of  the  muscles 
I-— The  muscles  of  Cold-blooded  animals  of  the  thigh  of  the  LacerlaagiUs,  made 
...         -    _        ,  .  .    whilst  frozen,  and  magnified  400  diameters : 

I  are  Weil  adapted   for  Chemical   investi-  Kj  nerve.    M,  muscular  fibre,  surrounded 

nation  on  account  of  the  slowness  with  ST^th^^S^i!?. 

I  which  they  undergo  change.  If  the  lemma;  c,  section  of  nucleus  ot  terminal 
I  Tiric.„l„„  ~r         1  i       n        .i     plate  of  nerve;  d,  transverse  section  of  ter- 

niUSCles  Ol  SUCh  an  animal,  alter  the  ^nili  plute,  surrounded  by  granular  mate- 
(removal   of    all  blood  from  the  tissue  e>  transverse  section  of  muscle  nuclei; 

1         ,       .    .  „  ,       .      /,  fiue  fat  drops,    'lhe  angula.  dark  par- 

ley tne    injection  OI   a  very  Weak  SOlU-  tides  are  sections  of  sarcoua  dements; 

hion   of    oomrrmn    salt      hp     c;nhipptprl  tbe  clear  intervening  sp-eea  repre  ent  the 
ivu    ui    cuinmon    salt,      De     SUDjeCiea  fluid  jsotropai  partofthe  muscle  substance. 

I  o   pressure,    a    neutral    or  weakly 


oming  stained  with  carmine.  M 
nd  "  Med.-Chir.  Rev.  ;"  see  also  "  impt 


.  Rouget  (Brown-Sequard's  "  Journ.  dela  Pliysiologie," 
-30  "Comptes  Eendus,"  1867,  p.  1128,  1232,  and  1276), 
egards  the  elementary  fibrilla  of  striated  muscles  as  being  a  spirally  twisted  nbbon, 
|  whidi  the  coils,  ordinarily  separated  from  one  another  or  stretched,  approximate  on 
he  removal  of  all  exciting  and  nutritive  conditions. 
*  Teichniann,  "Das  Saugader  System,"  1861,  p.  100. 

t  Sec  Kiihne.  "  Ueber  die  Peripheric  Endorgane  der  Motor  Nerven,  1862  ;  Engel- 
iann,  T.  W.,  "  Untersuch.  iib.  d.  Zusammenhang  v.  Nerv-  u.  Muskel-faser,"  Leipzig, 
863;  Kolliker,  Croonian  Lecture,  1852;  Beale,  "Archives  of  Medicine,"  vol.  m. 
862,  p.  246 ;  "  Philosophical  Transactions,"  1863  ;  Croonian  Lecture,  1865 ;  and  "  Dis- 
rjbution  of  Nerves  to  Voluntary  Muscles  :  an  Anatomical  Controversy."  Pamphlet, 

"urchiU,  1865. 

X  Virchow's  "  Archiv,"  1865,  pp.  194  and  606. 
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Muscular  Fibre,  with  termination  of  Motor  nerve,  from  the  Gastrocnemius  of  the 
liatia  escvlevtu  :—a,  Terminal  pencil  of  a  dark-bordered  nerve-fibre;  b,  Iutra-muscular 
naked  aii9  cylinder;  c.  Nucleus  of  the  neurilemma;  d,  Clavate  extremities  of  the 
nerve;  e,  Spaces  of  the  muscle-nuclei;  /,  Terminal  knob  of  nerve,  with  central  fibre 
and  vesicular  dilatation  of  the  nerve. 

Fig.  203.    (After  Beale.)  alkaline    fluid    is  obtained 

termed  "  muscle  -  plasma," 
which  soon  undergoes  spon- 
taneous coagulation,  and  sepa- 
rates into  two  parts — a  semi- 
solid portion  termed  myosin 
(§  50),  and  a  fluid  serum, 
which  at  ordinary  temperature 
quickly  acquires  an  acid  re- 
action. In  the  latter,  as  ob- 
tained from  various  animals 
by  different  chemists,  there 
have  been  discovered:  1. 
Various  albuminous  com- 
pounds; small  quantities  of 
pepsin  (Briicke) ;  and  a  sub- 
stance analogous  to  ptyalin 
(Piotrowski).  2.  A  colouring 
matter  similar  to,  if  not 
identical   with,  haemoglobin. 

3.  Creatine  (§52),  and  per- 
haps creatinine,*  hypoxanthin 
or  sarkin,  xanthin  and  taurin. 

4.  Inosinic  and  uric  acids.  5. 
Sugar,  inosite,  glycogen,  and 
dextrin.  6.  An  isomeric  mo- 
dification of  lactic  acid,  termed 
para-  or  sarco-lactic  acid, 
acetic,   formic,   and  butyric 

*  Naurocki,  Fresenius'  "Zeits.  f.  Analyt.  Chemie,"  1865,  p.  330,  denies  the pre- 
sence of  the  latter,  or  that  any  conversion  of  creatin  into  creatinine  occurs  aur  h 
exercise. 


Portion  of  nn  elementary  Muscular  Fibre  from  one  of 
the  abdominal  muscles  of  the  White  Mouse,  with  four 
dark-bordered  fibres  (a)  crossing  over  its  surface.  A 
capillary  vessel,  b,  is  also  seen  with  fine  nerve-fibres  dis- 
tributed to  it.  To  avoid  confusion,  a  few  only  of  the 
transverse  markings  of  the  muscle  are  represented.  Two 
of  the  dark-bordered  nerve  fibres  (c),  pass  over  the  ele- 
mentary fibre,  to  be  distributed  to  adjacent  fibres.  One 
dark-bordered  fibre  (o\  er  </)  is  lost  among  several  pale 
nucleated  fibres.  Pale  nucleated  fibres  are  seen  rami- 
fying in  several  places  upon  the  surface  of  the  elemen- 
tary fibre,  but  beneath  the  dark-bordered  nerve  fibres 
and  capillaries.  It  will  be  observed  that  a  fine  fibre, 
which  seems  at  the  upper  part  of  the  figure  to  be  but  one 
of  the  outlines  of  the  tubular  membrane  of  one  of  the 
dark-bordered  fibres,  leaves  the  dark-bordered  fibre  and 
passes  to  the  capillary  vessel  (over  e.)  This  arrange- 
ment, in  which  a  dark-bordered  nerve-fibre  distributed 
to  muscle  divides  into  branches,  one  of  which  passes  to  a 
vessel,  while  the  other  ramifies  upon  a  musile,  is  fre- 
quent. The  capillaries,  dark-bordered  nerve-libres,  and 
pale  nucleated  libreB  here  represented,  can  be  completely 
stripped  off  from  the  surface  of  the  sarcolemma  without 
tearicg  that  membrane.  Of  the  structures,  therefore, 
represented  in  this  drawing,  not  one,  according  to  Dr. 
Beale,  alter  whom  it  is  taken,  can  lie  beneath  the  sarco- 
lemma.   (x  700.) 
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acids.  7.  Salts,  which,  as  obtained  from  the  residue  of  broth,  consist  in 
100  parts*  of 

POs    26-27  S08    359 

CI    1-63  2  Ca(),POs    3-06 

Ka    9-40  2  MgO,POs    5*76 

KaO    40-10  2  Fe208,P06   0  57 

8.  A  small  proportion  of  fat.  9.  Water,  carbonic  acid,  and  oxygen 
gases ;  and  lastly,  various  compounds  derived  from  the  tissues  which 
are  inseparably  united  with  the  muscular  tissue,  as  protagon  proceeding 
from  the  nervous,  gelatin  from  the  connective,  and  elastin  from  the 
vascular  tissue.  The  composition  of  muscle  as  a  whole  is  thus  given  by 
Kiihne,  after  Lehmann : — 


Water  74-0-S0-0 

Solid  constituents   26  0-20-0 


Albuminous  substances  insoluble  in  water  (myosin,  sarco- 

lemma,  nuclei,  vessels  and  elastic  fibres)   15*4  — 17*7 

Gelatin  #  06-  19 

Albuminates  of  soda,  coagulating  at  113°  F  2*2 —  3'0 

Kreatin   0-07-0-14 

Fat   1-  5—2-30 

Lactic  acid   1-  5—2-30 

Phosphoric  acid   0-66-0-70 

Potash   050-0-54 

Soda   0-07—0-09 

Chloride  of  sodium   0-04—0-09 

Lime    .    .    .  ;   002 -0*03 

Magnesia   0-04-0-05 


Muscular  tissue,  whether  living  or  dead,  absorbs  oxygen,  and  eliminates 
carbonic  acid,"f"  though  more  energetically  in  the  former  case  than  in  the 
latter. 

666.  Development  of  Muscular  Tissue. — In  Man,  according  to  Mr. 
Oockhart  Clarke,^  Muscular  Fibre  can  first  be  distinguished  about  the 
4th  or  5th  week  of  utero-gestation.  In  a  foetus  of  three-fourths  of  an 
.nch  in  length,  it  forms  a  gelatinous  mass  consisting  of  fibres  and 
mclei  imbedded  in  a  semi-fluid  granular  blastema.  In  the  formation  of 
•he  fibres,  granular  processes  of  condensed  blastema  extend  from  the 
>ides  or  from  around  the  nuclei,  which  are  subsequently  bounded  by  an 
nvesting  substance  in  the  form  of  a  band  or  fibre,  sometimes  plain,  but 
sometimes  longitudinally  fibrillated.  In  these  bands  the  transverse 
itriation  first  makes  its  appearance,  and  only  subsequently  extends 
hrough  the  central  band  or  axis.  The  muscular  fibres  vary  in  size 
it  different  parts,  and  they  may  sometimes  be  seen  to  increase  in  diameter 
>y  the  adhesion  of  fresh  nuclei  and  fresh  processes  of  blastema.  A  very 
imilar  account  has  been  given  by  Mr.  Savory  for  the  Mammalia  generally,§ 
xcept  that  in  his  observations  the  nuclei,  at  first  irregularly  distri- 
mted,   were  found  to  arrange  themselves  with  great  regularity  in 

*  Kiihne,  "  Physiol.  Chemie,"  1868,  p.  307,  in  which  work  a  very  complete  account 
'the  chemistry  of  muscle  is  contained. 
T  Du  Bois-Keymond  ;  G.  Liebig  ;  Hermann.  See  the  "  Grundriss  der  Physiol."  of 
I  he  latter  author,  1867,  p.  212. 

+  "Proceedings  of  the  Koyal  Society,"  vol.  xi.  No.  48. 
§  See  Part  ii.  of  the  "  Phil.  Trans."  for  1855. 
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single  rows,  almost  in  contact  with  one  another,  the  fibres  being  formed 
by  the  development  of  two  nearly  transparent  bands  enclosing  and 
bounding  the  rows  of  nuclei ;  subsequently  the  nuclei  began  to  separate 
from  one  another,  and  ultimately  broke-up  into  granules  and  disappeared. 
The  striation  began  within  the  border  and  gradually  extended  to  the 
centre.  Increase  in  the  size  of  the  fibres  was  effected  by  the  addition  of 
fresh  blastema  to  the  outer  side  of  existing  fibres.  The  observations  of 
Braidwood*  and  of  Eckhardf  are,  on  the  whole,  confirmatory  of  the 
observations  of  Mr.  Clarke  and  Mr.  Savory ;  and  it  would  hence  appear 
that  the  essential  features  of  the  process  occur  not  in  the  nuclei,  nor  in 
cells,  as  was  originally  maintained  by  Schwann,  but  in  a  material  which 
may  be  regarded  as  intercellular  substance ;  and  Mr.  Lockhart  Clarke 
regards  even  involuntary  muscular  fibres  as  by  no  means  the  product  of 
a  nucleated  cell,  but  rather  as  a  kind  of  cell-formation,  presenting 
at  first  a  nucleus  encrusted  with  blastema,  around  which  an  invest- 
ing sarcous  substance  representing  the  cell- wall  is  subsequently  de- 
veloped, x 

667.  The  frequently  renewed  exercise  of  muscles,  by  producing  a  de- 
termination of  blood  towards  them,  occasions  an  increase  in  the  nutri- 
tion ;  so  that  a  large  amount  of  new  tissue  is  developed,  and  the  muscles 
augment  in  size  and  vigour.  This  is  true  not  only  of  the  whole 
muscular  system  when  equally  exercised,,  but  also  of  any  particular  set  of 
muscles  which  is  more  used  than  another.  Of  the  former  we  have  an 
example  in  those  who  practise  a  system  of  gymnastics  adapted  to  call 
the  various  muscles  alike  into  play  ;  and  of  the  latter  in  the  limbs  of 
individuals  who  follow  any  calling  that  habitually  requires  the  exertion 
of  either  pair,  to  the  partial  exclusion  of  the  other,  as  the  arms  of  the 
smith,  or  the  legs  of  the  opera-dancer.  But  this  increased  nutrition 
cannot  take  place  unless  an  adequate  supply  of  food  be  afforded ;  and  if 
the  amount  of  nutritive  material  be  insufficient,  the  result  will  be  a 
progressive  diminution  in  the  size  and  power  of  the  muscles,  whjch  will 
manifest  itself  the  more  rapidly  as  the  amount  of  exertion,  and  con- 
sequently the  degree  of  waste,  is  greater.  Nor  can  it  be  effected  if  the 
exercise  be  incessant,  for  it  is  during  the  intervals  of  repose  that  the 
reparation  of  the  muscular  tissue  occurs  ;  and  the  Muscular  system,  like 
the  Nervous,  may  be  worn-out  by  incessant  use.  The  more  violent  the 
action,  the  longer  will  be  the  period  of  subsequent  repose  required  for 
the  reparation  of  the  tissue ;  and  the  longest  time  will  of  course  be  re- 
quisite when  (as  sometimes  occurs)  the  contractility  of  the  muscle  is  so 
completely  exhausted  by  excessive  stimulation  that  no  new  manifesta- 
tion of  it  can  be  excited.  It  does  not  appear  improbable  that  there  is  a 
provision  in  some  Muscles,  as  the  Heart  and  Respiratory  muscles,  by 
which  the  nutrition  is  carried-on  with  unusual  activity  during  the  short 
period  of  repose  which  intervenes  between  two  successive  contractions. 
Moreover,  the  muscular  tissue,  like  all  the   softer  and  more  de- 

*  "  Med.-Chir.  Rev.,"  1866,  p.  447.      t  "  Zeitsch.  f.  rat.  Med.,"  Bd.  xxix.  p.  66. 

J  Dr.  Wilson  Fox  ("Phil.  Trans.,"  1865-6,)  has,  however,  resuscitated  the >  om 
view  of  Lebert,  Kolliker,  and  others,  that  the  fibres  of  muscle  proceed  from  the iw 
of  the  embryo,  the  contents  of  which  become  fibrillated,  whilst  the  cell-wall  oeco 
the  sarcolemma. 
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composable  portions  of  the  organized  fabric,  has  a  limited  term  of 
existence  ;  and  hence,  even  if  its  contractility  be  not  called  into  exercise, 
it  undergoes  a  gradual  disintegration,  so  soon  as  all  the  nutritive  changes 
of  its  fibres  are  completed.  This  change  seems  to  be  a  necessary  con- 
sequence of  the  high  temperature  of  the  bodies  of  warm-blooded  animals ; 
tor  it  does  not  occur  with  nearly  the  same  rapidity  in  cold-blooded 
animals,  nor  in  the  hybernating  condition  of  certain  warm-blooded 
Mammalia;  indeed,  when  the  temperature  of  the  body  is  reduced  to 
within  a  few  degrees  of  the  freezing  point,  no  chemical  change  seems 
possible  in  muscle — its  spontaneous  decay  and  its  vital  activity  being 
alike  checked.  Now,  when  a  muscle  or  set  of  muscles  in  a  warm-blooded 
animal  is  reduced  to  a  state  of  prolonged  inactivity,  from  whatever  cause, 
its  supply  of  blood  is  diminished,  and  its  spontaneous  decay  is  not  compen- 
sated by  an  equally  active  renewal ;  so  that  in  time,  the  characters  of  the 
structure  are  changed,  and  its  distinguishing  properties  are  no  longer  pre- 
sented. Thus  it  was  found  by  Dr.  J ohn  Eeid*  that  in  a  rabbit,  a  portion  of 
whose  sciatic  nerve  had  been  removed  on  one  side,  the  muscles  of  that  leg 
were  but  very  feebly  excited  to  contraction  by  galvanism  after  the  lapse  of 
seven  weeks.  The  change  in  their  nutrition  was  evident  to  the  eye,  and 
was  made  equally  apparent  by  the  balance.  The  muscles  of  the  paralyzed 
limb  were  much  paler,  smaller,  and  softer  than  the  corresponding  muscles 
of  the  opposite  leg,  and  they  scarcely  weighed  more  than  half — being  only 
170  grains,  whilst  the  others  were  327  grains.  It  was  found  also  that  a  per- 
ceptible difference  existed  in  the  size  of  the  bones  of  the  leg,  even  after  so 
short  an  interval  had  elapsed ;  the  tibia  and  fibula  of  the  paralyzed  limb 
weighing  only  81  grains,  whilst  those  of  the  sound  limb  weighed  89  grains. 
On  examining  the  muscular  fibres  with  the  microscope,  it  was  found  that 
hose  of  the  paralyzed  leg  were  considerably  smaller  than  those  of  the  sound 
imb,  presenting  a  somewhat  shrivelled  appearance,  and  that  the  longi- 
udinal  and  transverse  stria?  were  much  less  distinct.  So  in  persons  whose 
jwer  extremities  have  been  long  disused,  the  muscles  first  become  pale 
nd  flabby  ;  their  bulk  gradually  diminishes ;  their  contractile  force  pro- 
fa  ressively  decreases,  and  at  last  departs  almost  entirely ;  and  their  proper 
I  tructure  is  replaced  by  a  deposit  of  fat,  in  which  few  or  no  striated 
mscular  fibres  can  be  detected.  But  muscles  that  have  for  some  time 
i  emained  in  this  condition  may  be  gradually  brought  back  to  their  origi- 
\  al  state  by  exercise,  provided  that  the  feeblest  contractility  remains ;  for 
I  very  action  which  they  can  be  made  to  perform  determines  an  augmented 
ow  of  blood  through  the  tissue,  and  gives  rise  to  an  improvement  in  its 
utrition,  which  in  its  turn  increases  its  contractility  and  renders  it  capable 
more  vigorous  action.  This  principle  is  of  great  importance  in  the 
I  eatment  of  the  various  forms  of  paralysis  (especially  the  hysterical),  in 
Ihich  the  muscles  are  thrown  out  of  use  by  the  suspension  of  the 
I  nctional  power  of  the  nerves ;  for  when  the  latter  have  recovered 
I  eir  capacity,  the  muscles  refuse  obedience  to  their  stimulation,  and 
I  n  only  be  brought  to  act  by  persevering  and  judiciously  contrived 
I  ercise.  . 

I         Muscles  exist  irj  two  states,  the  elongated  and  the  contracted ;  the 

I*  "Edinb.  Monthly  Journ.  of  Med.  Science,"  May,  1841 ;  and  "  Physiological, 
1  tatomical,  and  Pathological  Researches,"  p.  10. 
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former  is  usually  termed  their  state  of  rest,  in  which  they  immediately 
respond  to  the  application  of  stimuli,  whether  direct  or  indirect,  by  pass- 
ing into  the  active  state  of  contraction.*    The  physical,  chemical,  and 

electrical  properties  of  muscles  differ  considerably  in  these  two  states.  

In  contraction  the  muscles  become  shorter,  and  thicker,  and  di- 
minish slightly  in  -volume.f  Their  elasticity  and  electrical  rela- 
tions are  modified,  and  heatij:  and  sound  are  produced.  They 
absorb  more  oxygen.  They  give  off  as  already  stated  more  car- 
bonic acid.  Their  reaction  changes  from  neutral  or  feebly  alkaline 
to  acid,  which,  according  to  Ranke§  is  due  to  the  development  of 
lactic  acid.  They  contain  more  kreatin,  grape  sugar,  and  fat.  From 
the  experiments  of  Helmholtz,||  which  have  been  corroborated  by 
Ranke,  it  appears  that  the  muscles  of  frogs  long  subjected  to  the 
action  of  an  interrupted  current  of  electricity  yield  from  20  to  24  per 
cent,  less  of  extractives  soluble  in  water,  whilst  those  soluble  in  alcohol 
increase  to  a  corresponding  amount,  and  respond  differently  to  electrical 
shocks. 

669.  The  careful  experiments  of  Helmholtz  Avith  a  thermo-electric 
apparatus  of  extreme  delicacy,  have  shown  that  in  the  muscles  of  Frogs 
arise  in  temperature  takes  place  during  contraction,  amounting  to  some- 
what less  than  l-3rd  of  a  degree  Fahrenheit.  Solger^f  and  Meyerstein  and 
Thiry**  have  observed  that  at  the  commencement  of  contraction  a  muscle 
becomes  sensibly  cooler  than  before.  This  effect  lasts  several  seconds, 
and  may  perhaps  be  attributed  to  a  diminution  of  the  specific  heat  of 
muscle  in  contraction  ;  it  is  followed  by  a  gradual  increase  in  tempera- 
ture, which,  if  the  muscle  be  tetanized,  continues  for  some  time  after 
contraction  has  ceased  ;  and  proceeds,  in  all  probability,  partly  from  the 
continuance  of  a  more  energetic  process  of  oxidation,  indicated  by  the 
increased  production  of  carbonic  acid,  and  partly  from  an  increased  flow 
of  blood  through  the  vessels  of  the  muscle.  According  to  Meyerstein 
and  Thiry,  the  amount  of  heat  generated  is  always  in  proportion  to  the 
amount  of  work  done;  whilst  Heidenhainfj-  maintains  that  the  relation 
between  the  two  is  inverse  after  a  certain  point  has  been  reached.  He 
notices  also  that  less  heat  is  developed  if  the  muscle  is  allowed  to 
shorten,  and  thus  to  perform  work,  than  if  it  be  prevented  from  shorten- 

*  Dr.  Eadcliffe  (see  his  "  Epileptic  and  other  Convulsive  Diseases  of  the  Nervous 
System,"  3rd  edit.  1860,  and  his  "Lectures  on  Epilepsy,  Pain,  and  Paralysis,"  1864), 
has,  however,  adduced  many  arguments  to  show  that  the  ordinarily  received  state- 
ment above  given  should  be  reversed,  and  that  the  state  of  elongation  should  be  re- 
garded as  the  really  active  condition  of  muscular  fibre,  in  which  all  its  vital  properties 
and  peculiarities  are  most  strongly  marked  ;  whilst  the  state  of  contraction  is  due  to 
its  being  left  to  the  influence  of  the  attractive  forces  inherent  in  its  molecules,  tue 
most  energetic  operation  of  which  is  seen  in  the  rigor  mortis.  , 

t  Harless,  "Abhand.  Miinch.  Akad.,"  1862,  p.  357.  Luige  Fasci,  \ircbows 
"  Jahresbericht,"  1867,  p.  80.  . 

t  See  Fick  in  "  Vierteljahrsch.  der  Natur  f.  Gesell.  in  Zurich,"  1867  who  J 
Dybkowsky  attributes  the  rise  in  temperature  sometimes  observed  in  bodies  ai 
death  (§§  262,  424),  to  this  source,  the  muscles  then  becoming  rapidly  stifl. 

§  Eeichcrt  and  Du  Bois-Keymond's  "  Archiv,"  1863,  p.  422.    See  also  his  woik 
"Tetanus,"  Leipzig,  1865. 

||  Midler's  "Archiv,"  1845. 

If  "  Studien  des  Physiolog.  Institute  zu  Breslau,"  1863,  p.  125. 
**  Henle  and  Pfeuller's  "  Zeits.  f.  rat.  Med.,"  Bd.  xx.  1863,  p.  45. 
ft  An  Essay  on  the  "  Theory  of  Muscular  Force,"  Breslau,  1864. 
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ing,  and  this  may  reasonably  be  explained  on  the  supposition  that  in 
active  alternate  contraction  and  elongation,  the  circulation  through  the 
vessels  is  more  rapid,  and  the  heat  locally  produced  is  carried  off  by  the 
blood. — The  peculiar  sound  heard  during  the  contraction  of  striated 
muscle  may  be  perceived,  as  suggested  by  Dr.  Wollaston*  by  placing  the 
tip  of  the  little  finger  in  the  ear,  and  contracting  the  muscles  of  the  ball 
of  the  thumb,  or  by  powerfully  exerting  the  muscles  which  close  the  jaw. 
It  resembles  the  distant  rumbling  of  carriage  wheels,  or  an  exceedingly 
rapid  and  faint  tremulous  vibration,  which,  when  well  marked,  has  an 
almost  metallic  tone.  From  various  experiments  made  upon  himself 
sod  others,  Professor  Haughton  estimates  that  the  number  of  vibrations 
varies  from  32  to  36  per  second.  The  sound  may  be  readily  conceived 
to  depend  upon  the  friction  of  the  elements  of  the  muscle,  one  upon 
another,  which  must  thus  be  perpetually  taking  place  so  long  as  it 
continues  in  a  state  of  activity,  an  explanation  that  receives  support 
from  the  observation  of  Helmholtz,  that  the  pitch  of  the  note  may  be 
made  to  vary  by  exciting  contraction  in  the  muscle  with  an  interrupted 
:urrent,  the  shocks  of  which  succeed  one  another  with  varying  rapidity. 
The  amount  of  shortening  which  a  muscle  will  undergo,  bears  a  direct 
•elation  to  the  resistance  ;  and  by  opposing  a  sufficient  resistance,  the 
3ontractile  power  of  the  muscle  may  be  powerfully  exerted  without  any 
sontraction  taking  place.  Under  ordinary  circumstances  the  striated 
nuscles  do  not  contract  much  more  than  one-third  of  their  length, 
>eing  restrained  by  the  mechanical  arrangements  of  the  bones  and 
oints,  and  by  the  antagonistic  muscles.  But  if  a  long  muscle  of  a 
rog  be  removed  from  the  body  and  powerfully  stimulated,  it  will  con- 
tact to  one-fifth  of  its  original  length.  The  unstriped  fibres  will 
ontract  under  favourable  circumstances  to  about  one-third  of  their 
fflgth. 

670.  Muscles,  whether  in  the  contracted  or  elongated  state,  possess  a 
ertain  amount  of  elasticity.    By  this  term  is  meant  that  force  by  which 
ie  particles  of  any  substance,  after  being  approximated  to  or  separated 
\  'om  one  another,  strive  to  regain  their  original  position.  The  elasticity 
t  i  muscular  fibre  is  small,  but  remarkably  perfect ;  for  although  it  is 
I  ^tended  considerably  by  a  light  weight,  it  recovers  itself  completely  on 

I  ie  removal  of  the  extending  force.f  That  it  is  exceedingly  small,  even 
Luring  life,  is  shown,  as  Mansvelt  has  observed,!  by  the  fact,  that  in  cases 

I I  paralysis  of  the  third  nerve  the  pupil  is  for  some  days  brought  quite 
I  ito  the  middle  of  the  space  between  the  eyelids  solely  through  the  elastic 
I  >ntraction  of  the  rectus  internus;  a  proof  that  its  antagonist,  in  a  state 

■  elongation,  exercises  no  force  worth  speaking  of.  On  appending  a  small 
I  eight  to  a  vertically-suspended  fresh  muscle,  it  at  first  elongates  suddenly 
I  id  considerably  (the  primary  extension),  then  much  more  slowly  (the 
I  condary  extension).  On  removing  the  weight,  the  same  phenomena 
I  'pear  in  inverse  order ;  a  considerable  primary,  and  a  more  gradual  and 
\  ialler  secondary  retraction.  With  small  weights  the  increase  in  length 
I  proportional  to  the  weight ;  with  heavier  weights  a  greater  proportional 
\  ;ight  is  required  to  produce  the  same  amount  of  extension,  as  is  shown 

*  "Philosoph.  Trans.,"  1811. 
I  r  Heidenliain,  "Studien,"  Berlin,  1856;  and  Wundt,  Mtiller's  "  Arcliiv,"  1857. 
I :  See  a  Review  of  his  work  in  the  "  Mcd.-Chir.  Rev."  for  1864,  p.  443,  vol.  i. 
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in  the  following  experiment  made  by  Weber*  with  the  Hyoglossus  of  a 
Frog  : — 


Weight  in  Grammes 
successively  applied 
to  the  Muscle. 


0-  3 

1-  3 

2-  3 
33 
4-3 
53 


Length  o  f  the  Muscle 
in  Millimetres. 

Extension. 

In  Man. 

Per  Cent. 

24-9 

30-0 

5-1 

20 

323 

2  3 

7 

334 

1-1 

O 

u 

34-2 

0-8 

2 

346 

0-4 

1 

Mansvelt,  however,  deduces  as  the  principal  result  of  his  experiments,  that 
living  muscle  is,  at  least  within  certain  limits,  extended  in  proportion  to 
the  increase  of  the  weights,  each  fibre  elongating  about  1  per  cent  of  its 
length  for  each  65th  of  a  grain  weight  appended  to  it.  According  to 
Wundt,  the  weight  which  is  required  to  extend  a  fresh  muscle  of  1  square 
millimetre  (l-25th)  of  an  inch)  sectional  area,  twice  its  length,  is  2  oz. 
The  muscles  are  constantly  in  a  state  of  slight  tension,  as  is  shown  by  the 
separation  of  their  extremities  when  cut;  but  it  would  obviously  have 
seriously  interfered  with  their  action  had  a  high  degree  of  elasticity  heen 
conferred  upon  them,  since  antagonistic  muscles  would  have  had  this,  in 
addition  to  all  other  resistances,  to  overcome,  before  movement  could  be 
effected.  Weber  has  shown  that  the  extensibility  of  muscles  increases 
during  contraction.  He  applied  a  weight  of  115  grains  to  an  elongated 
muscle.  On  the  addition  of  another  weight  of  15£  grains,  the  amount 
of  extension  which  took  place  was  about  l-144th  of  its  length  ;  hut  on 
repeating  the  same  experiment  with  a  contracted  muscle,  the  extension 
was  as  much  as  l-79th  of  its  length,  showing  that  the  extensibility  was 
greater  in  the  latter  case  than  in  the  former.  The  exhaustion  of  a  muscle 
greatly  increases  its  extensibility  up  to  a  certain  point,  after  which  it 
again  diminishes.  Thus,  when  a  portion  of  muscle  was  weighted  with  115 
grains,  its  greatest  extension  occurred  when  it  had  been  made  to 
contract  43  times  ;  when  weighted  with  193  grains,  after  23  contractions ; 
and  lastly,  when  weighted  with  424  grains  at  the  8th  contraction.  It  was 
even  found  that,  by  appropriate  weighting,  a  muscle  on  being  stimulated 
to  contract  might  actually  become  longer  instead  of  shorter. 

671.  Electrical  Relations  of  Muscle. — As  we  have  already  seen  in  the 
Nerves,  so  in  the  Muscles  it  is  easy  to  furnish  evidence  of  electrical  dis- 
turbance. The  conditions  of  the  '  Muscular  current'  have  been  made  the 
subject  of  special  investigation  by  M.  du  Bois-Reymond ;  and  the  fol- 
lowing is  an  outline  of  the  results  at  which  he  has  arrived,  for  the  due 
comprehension  of  which,  however,  it  is  requisite  that  the  terms  employe 
by  him  should  be  first  defined.— The  entire  muscle  being  composed  ot  a 
mass  of  fibres,  having  a  generally-parallel  direction,  and  attached  a 
their  extremities  to  tendinous  structure  (which  has  in  itself  but  little  or  no 
electro-motor  power,  but  is  a  conductor  of  electricity),  it  follows  tha  i 
tendon  or  tendinous  portion  of  a  muscle  represents  a  surface  forme  ^y 
the  bases  of  the  muscular  fibres  considered  as  prisms,  which  may  be 


*  Wagner's  "  Handworterbuch,"  Bel.  iii.  p.  54. 
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signated  its  natural  transverse  section.    On  the  other  hand,  the  fleshy 
surface  of  the  muscle,  which  is  formed  only  by  the  sides  of  the  fibres 
considered  as  prisms,  may  be  regarded  as  the  natural  longitudinal  section 
of  the  muscle.    Again,  if  a  muscle  be  divided  in  a  direction  more  or  less 
perpendicular  to  its  fibres,  an  artificial  transverse  section  will  be  made  ; 
whilst  if  the  muscle  be  torn  lengthways  in  the  direction  of  its  fibres, 
m  artificial  longitudinal  section  will  be  made ;    and  these  artificial 
ections  show  the  same  electric  conditions  with  their  corresponding 
atural  sections.    Now,  experiments  repeated  in  a  great  variety  of 
odes  demonstrate,  that  every  point  in  the  natural  or  artificial  longitudinal 
ction  of  a  muscle  is  positive  in  relation  to  every  part  of  its  transverse 
xtion,  whether  natural  or  artificial ;  the  most  powerful  influence  on  the 
galvanometer  being  produced,  when  a  portion  of  the  surface  (or  natural 
ongitudinal  section)  of  a  muscle  is  laid  upon  one  of  the  electrodes,  and 
i  portion  of  the  surface  formed  by  cutting  the  muscle  across  (or  artificial 
xansverse  section)  is  placed  against  the  other.    When  the  two  tendinous 
extremities  of  a  muscle  whose  form  is  symmetrical  or  nearly  so,  are 
jlaced  against  the  electrodes,  the  deflection  of  the  needle  of  the  galva- 
lometer  is  but  slight ;  and  the  same  is  the  case  with  two  transverse  - 
ections  taken  at  equal  diatances  from  the  two  ends  of  the  muscle,  and 
-,lso  with  two  points  of  the  longitudinal  section  which  are  equally  distant 
rom  the  middle  of  its  length.    But  if  the  two  points  of  the  longitudinal 
ection  applied  to  the  electrodes  be  not  equally  distant  from  the  centre 
f  the  muscle,  then  the  point  which  is  nearest  to  the  centre  is  positive 
d  the  one  which  is  nearest  to  the  end ;  and,  in  like  manner,  when  the 
iiferent  parts  of  the  transverse  section  are  tested  in  regard  to  each 
tther,  the  points  lying  nearest  the  surface  of  the  muscle  are  found  to 
t  e  positive  to  those  nearest  its  interior.    The  intensity  of  the  current, 
I  owever,  between  any  two  points  in  the  same  section — whether  trans- 
erse  or  longitudinal — is  always  incomparably  less  than  that  of  the 
urents  which  are  obtained  between  two  points  in  different  sections, 
;  ne  in  the  longitudinal  and  the  other  in  the  transverse.    These  results 
i  lay  be  obtained,  not  merely  with  the  entire  Muscle,  but  with  insulated 
portions  of  it;  and  even,  as  we  are  assured  by  M.  du  Bois-Eeymond, 
\  ith  a  single  primitive  fasciculus.     Hence  there  appear  to  be  good 
"ounds  for  believing  that  every  integral  part  of  the  muscular  substance 

*  a  centre  of  electro-motor  action,  containing  within  itself  positive  and 
ligative  elements,  arranged,  as  we  have  already  seen  in  the  case  of  the 

I  jrves  (§  473)  in  a  dipolar  series  — +  4- — ,  h  + — .    And  further, 

1  tat  the  current  shown  by  the  entire  muscle  when  made  to  form  part 

a  circuit  is  a  derived  current,  produced  by  incomparably  more 

•  I  tense  currents  circulating  in  the  interior  of  the  muscle  around  these 
ultimate  particles;  varying  in  intensity  according  to  the  mode  in  which 
;  i-ese  particles  are  arranged,  but  usually  increasing  both  with  the  length 
!  I  d  thickness  of  the  muscle. 

|  672.  That  a  change  in  the  electric  state  of  a  Muscle  takes-place  in  the 
1 1  of  contraction,  had  been  ascertained  by  the  experiments  of  Professor 
I  atteucci  ;*  but  as  he  was  only  able  to  detect  this  by  the  galvanoscopic 
1  )g  (the  galvanometer  which  he  employed  not  giving  unquestionable 
1  Ucations  of  it),  he  was  not  able  to  determine  its  nature  with  accuracy. 
*  See  his  successive  Memoirs  in  "  Phil.  Trans.,"  for  1845,  1847,  and  1850. 
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This  has  been  accomplished,  however,  by  M.  du  Bois-Reymond ;  who 
has  shown  that  during  contraction  the  muscular  current  is  not  increased 
(as  supposed  by  Matteucci),  but  is  diminished  and  even  reduced  to  zero. 
In  order  to  exhibit  this  phenomenon  satisfactorily,  it  is  found  advan- 
tageous to  cause  the  muscle  to  contract  powerfully  or  uninterruptedly 
for  as  long  a  time  as  possible — that  is,  to  tetanize  it ;  and  this  may  be 
effected  by  acting  violently  on  its  nerve  by  heat,  chemical  agents,  or  a 
succession  of  electric  shocks  ;  or  by  poisoning  the  animal  with  strychnia. 
In  whatever  mode  the  tetanized  state  is  induced,  the  same  result  follows  • 
— the  needle  of  the  galvanometer  passes-over  to  the  negative  side. 
This,  however,  does  not  indicate  (as  might  be  at  first  supposed)  the 
development  of  a  new  current  during  the  contraction,  in  a  direction 
opposite  to  that  which  prevails  during  rest ;  but,  according  to  M.  du 
Bois-Reymond,  it  is  the  consequence  of  the  '  secondary  polarity'*  which 
is  evolved  in  the  platinum  electrodes,  as  soon  as  the  muscular  current 
is  diminished ;  the  needle  passing  from  the  positive  to  the  negative  side, 
as  soon  as  the  current  of  the  secondary  polarity  becomes  more  powerful 
than  the  original  muscular  current.    This  negative  deflection  of  the 
needle  at  the  moment  of  contraction,  is  always  proportionate  to  the 
actual  intensity  of  the  current  of  the  muscle  while  at  rest ;  and  it  ceases 
as  soon  as  the  tetanic  contraction  ceases,  after  which  the  muscular  j 
current  gradually  recovers  its  previous  intensity. — Dr.  Radcliffej"  has  j 
offered  a  different  explanation  of  the  phenomena,  and  has  endeavoured  I 
to  show  that  "  the  primary  electrical  condition  of  living  muscle,"  as  well  I 
as  of  living  nerve  "during  the  state  of  inaction,  is  that  of  statical  elec-  1 
tricity,"  and  that  the  muscular  current  and  nerve  current  which  may  I 
pass  from  the  muscle  or  nerve  during  the  state  of  inaction  are  only  j 
secondary  phenomena.    He  regards  the  absence  of  indications  of  elec-  j 
tricity  during  the  contraction  of  muscle  as  simply  due  to  a  discharge  of  I 
the  natural  statical  electricity  resident  in  the  muscle,  the  presence  of  I 
which  had  previously  maintained  the  muscle  in  an  elongated  state.    It  I 
appears,  however,  certain  that  the  contraction  of  a  muscle  is  attended  with  I 
a  marked  diminution  of  its  electromotive  power ;  a  fact  which  seems  to  V 
harmonize  well  with  the  general  views  already  adverted  to  in  regard  to  I 
the  1  Correlation  of  Forces;'  the  changes  which  operate  to  produce  dis-  | 
turbance  of  electric  equilibrium  whilst  the  muscle  is  at  rest,  being  con-  j; 
cerned  in  the  development  of  motor  power  when  it  is  thrown  into  con- 1 
traction.     This  alteration  has  been  demonstrated  by  M.  du  Bois- 1 
Reymond  in  the  living  animal,  after  the  following  manner.    The  two  feet  | 

*  When  the  electromotor  body  is  removed,  and  the  two  electrodes  (platinum  plates  | 
immersed  in  a  saturated  solution  of  common  salt)  are  connected  by  some  imperfectly  I 
conducting  body,  a  secondary  current  is  manifested  in  the  reverse  direction  to  the  nrs ,  I 
the  needle  being  deflected  to  the  other  side ;  this  is  caused  by  the  electro-chemical  re-  I 
action  of  the  substances  which  the  current  of  animal  electricity  has  evolved  on  tn  i 
platinum  plates  by  means  of  its  electrolytic  action  ;  and  its  occurrence  is  often  a ^ us  - 
ful  and  valuable  confirmation  of  the  first  result,  as  showing  that  the  primary  aene^  i 
tion  really  was  the  consequence  of  the  presence  of  an  electromotor.  V*  ne*eJ.s  J 
electromotive  action,  moreover,  is  very  weak,  it  may  be  made  more  evident  uy  I 
ine;  the  position  bf  the  electromotor,  without  first  replacing  the  connect  or ,  s  i 
the  action  which  it  will  then  exert  in  the  reversedirection,  will  be  strengthened  oy  • 
secondary  current  developed  by  the  previous  action.  #  „f  the  I  j 

+  In  his  "  Lectures  on  Epilepsy,  Pain,  Paralysis,  and  certain  other  Disorders 
Nervous  System,"  1864. 
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of  a  live  frog  were  immersed  in  the  two  connecting  vessels,  but  one  of  the 
le<*s  was  paralyzed  by  division  of  its  sciatic  plexus  ;  the  muscular  currents 
of  the  muscles  of  the  two  limbs  neutralized  each  other,  so  long  as  they 
remained  at  rest ;  but  upon  the  frog  being  poisoned  with  strychnia,  so 
that  tetanic  convulsions  occurred  in  one  limb  whilst  the  other  remained 
motionless,  the  current  in  the  former  limb  was  weakened,  whilst  that  of 
the  other  remained  unaffected,  and  a  deflection  of  the  needle  took  place, 
indicating  an  upward  current  in  the  paralyzed  limb  and  a  downward 
current  in  the  tetanized  one.    The  same  thing  may  be  shown  in  the 
Human  subject,  by  dipping  the  forefingers  of  the  two  hands  into  the 
two  conducting  vessels  connected  with  the  galvanometer,  so  that  the 
two  arms  are  included  in  opposite  directions  in  the  circuit ;  when  if, 
after  the  needle  (which  usually  undergoes  a  temporary  disturbance  on 
their  first  immersion)  has  come  to  a  state  of  rest,  all  the  muscles  of  one 
of  the  arms  be  strongly  and  permanently  contracted,  so  as  to  give  them 
the  greatest  possible  tension  without  changing  the  position  of  the  arm, 
the  needle  is  instantly  deflected,  always  indicating  a  current  from  the 
hand  to  the  shoulder,  that  is,  an  upward  current  in  the  contracted  arm. 
Hence,  according  to  the  explanation  just  given,  the  contracted  arm  plays 
the  part  of  the  negative  metal  in  the  circuit,  in  regard  to  the  arm 
whose  muscles  remain  in  the  state  of  relaxation,  showing  that  the  normal 
current  will  be  a  downward  one. — This  change,  however,  is  so  ex- 
tremely slight,  that  a  very  delicate  galvanometer  is  requisite  to  render 
it  perceptible.     Its  intensity  depends  very  much  on  the  muscular 
energy  of  the  experimenter ;  and  even  the  greater  power  which  the 
right  arm  usually  possesses  becomes  perceptible  in  the  greater  deflec- 
tion of  the  needle  when  it  is  put  in  action.*    Eankef  has  noticed  the 
remarkable  fact  that  dead  muscle  is  a  better  conductor  of  electricity  than 
.  iving,  and  that  the  conducting  power  of  muscle  exhausted  by  exercise 
i.  is  also  increased.    This  he  attributes  to  the  accumulation  of  the  products 
X  >t  disintegration,  and  especially  to  that  of  lactic  acid.    Living  muscle 
;  :onducts  electricity  about  three  million  times  worse  than  mercury,  and 
rifteen  million  times  worse  than  copper. 

073.  The  rapidity  with  which  the  mandates  of  the  Will  are  communi- 
I:  ated  to  and  executed  by  the  Muscles  is  immeasurable  ;  but  Helmholtz 
I  ias  shown  that  if  an  electric  spark,  whose  duration  does  not  exceed  one 
m  ix-  or  seven-hundredth  of  a  second,  be  allowed  to  strike  a  portion  of 
I  resh  muscle,  a  measurable  period  amounting  to  1  or  2-100ths  of  a 
1 3cond,  intervenes  before  the  commencement  of  contraction.    This  he 

V  3rms  the  period  of  latent  contraction  or  excitation.  At  the  cora- 
}  lencement  of  the  contraction  which  succeeds,  an  instantaneous  electrical 

>[  lacharge  occurs,  lasting  less  than  the  1000th  of  a  second,  comparatively 

Of  this  very  remarkable  experiment,  which  was  first  made  by  M.  du  Bois-Eeymond, 

Y  e  Author  has  himself  (through  that  gentleman's  kindness)  been  a  witness;  and  he 
|  nnot  entertain  the  least  doubt  as  to  the  genuineness  of  the  phenomenon. — The  succesa 

M.  'lu  Bois-Reymond  in  these  and  similar  investigations,  is  doubtless  due  in  great 
I  rt  to  the  marvellous  sensitiveness  of  the  galvanometer  he  employs,  the  coils  of  which 
,  "sist  of  three  miles  of  wire,  as  well  as  to  the  perfection  of  the  various  arrangements 

which  he  is  enabled  to  avoid  or  eliminate  sources  of  error ;  but  it  must  be  attributed 
I  *Yeat,Vart  a's0  to  the  philosophic  method  on  which  his  inquiries  are  planned,  and 
I  the  skdl  and  perseverance  with  which  they  are  carried-out. 

f  "  Tetanus,"  Leipzig,  1865. 
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weak,  but  still  probably  equivalent  to  that  of  the  electric  organ  in 
fishes.*  The  contraction  which  then  takes  place  is  not  sudden  and  com- 
plete, but  is  divisible  into  two  stages,  in  the  first  of  which  the  muscle 
rapidly,  and  in  the  second  more  slowly,  contracts  till  it  attains  its 
maximum ;  it  then  begins  to  elongate,  at  first  slowly,  and  then  more 
rapidly.  The  period  of  time  which  elapses  from  the  instant  that  the 
stimulus  is  applied  until  the  contraction  is  complete,  increases  generally 
with  the  amount  of  shortening,  with  the  heaviness  of  the  weight,  and 
with  the  exhaustion  of  the  muscle.  In  the  Frog  the  entire  time  occu- 
pied in  the  contraction  and  subsequent  elongation  of  a  muscle  is  about 
one-third  of  a  second,  of  which 

Of  a  second. 

The  period  of  latent  excitation  amounted  to  0*02 

,,         contraction  „   0"180 

„         elongation  „   0105 

•305t 

From  the  results  of  various  experiments,  Helmholtz  satisfied  himself 
that  to  develope  their  greatest  force,  muscles  require  a  longer  time  than 
when  slight  efforts  only  are  made. 

674.  Mechanism  of  Muscular  Contraction. — From  the  inquiries  of 
Mr.  Bowman,  it  appears  that  the  act  of  contraction  usually  commences 
at  the  extremities  of  the  fibre  ;  but  it  frequently  occurs  also  at  one  or 
more  intermediate  points.  The  first  appearance  is  a  spot  more  opaque 
than  the  rest,  caused  by  the  approximation  of  a  few  of  the  dark  points 
of  some  of  the  fibrillar ;  this  spot  usually  extends  in  a  short  time 
through  the  whole  diameter  of  the  fibre  ;  and  the  shading  caused  by 
the  approximation  of  the  transverse  stria?  increases  in  intensity.  The 

Fig.  204. 


Muscular  Fibre  of  Dy tiscus,  showing  the  contracted  state  in  the  centre ;  the  striae  approximated ; 
the  breadth  of  the  fibre  increased ;  and  the  myolemma  raised  in  bullae  on  its  surface. 

stria?  are  found  to  be  two,  three,  or  four  times  as  numerous  in  the  con- 
tracted as  in  the  xincontracted  part,  and  are  also  proportionally  narrower 
and  more  delicate.  The  line  of  demarcation  between  the  contracted 
and  uncontracted  portions  is  well  defined;  but  as  the  process  goes  on,  fresh 
stria?  are  absorbed  as  it  were  from  the  latter  into  the  former.  The  con- 
tracted part  augments  in  thickness,  but  not  in  a  degree  commensurate 
Avith  its  diminished  length,  so  that  its  solid  parts  lie  in  smaller  compass 
than  before,— the  fluid  which  previously  intervened  between  them  being 

*  SeeDonders'  "Essay  on  the  Constituents  of  Food,"  translated  by  Dr.  Moore, 
Dublin,  1866,  p.  14,  where  it  is  quoted  as  the  observation  of  Meissner,  and  as  corro 
rated  by  v.  Bezold.  „  „         .    „  T^jr^iV.I 

f  See  Helmholtz  in  Muller's  "Archiv,"  1850,  1852;  and  Volkmann  in  WH,I 
Berichte  Math.  Pbys.  Class,."  1851.   Place  has  more  recently  (?  Nede7"dn^cles  o<1 
Bd.  iii.  1867,  Heft  2)  estimated  the  period  of  latent  excitation  in  the >  nn  I 
frogs  at  only  0  005  sec,  and  he  finds  the  rapidity  of  propagation  ol  the  exc 
through  muscles  to  be  about  one  meter  per  second. 
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pressed  out  in  bullae  under  the  sarcolemma.  Marey  and  Aby  have 
shown  that  when  a  muscle  is  excited  by  passing  a  current  of  electricity 
through  it,  every  part  contracts  simultaneously,  as  proved  by  the 
identity  in  point  of  time  of  tracings  taken  with  levers  attached  to  dif- 
ferent parts.  In  like  manner,  when  the  nerve  supplying  a  muscle  is 
excited,  the  whole  muscle  appears  to  contract  simultaneously,  and  this 
is  explained  by  Aby  on  the  supposition  that  the  contraction  commences 
at  the  point  of  entry  of  each  terminal  twig  of  the  nerve,  and  propa- 
gates itself  away  from  this  point  in  both  directions.  As  these  points  of 
entry  are  distributed  very  irregularly  in  neighbouring  fibres,  the  swell- 
ing appears  to  be  uniform  throughout.  In  one  of  his  experiments,  a 
muscle  of  a  frog  is  taken,  the  motor  nerve  of  which  bifurcates  as  it 
enters.  One  of  the  divisions  is  cut,  and  the  main  trunk  excited.  It  is 
then  found  that  that  portion  of  the  muscle  which  is  supplied  by  the 
intact  nerve  contracts  simultaneously  throughout,  whilst  in  the  remain- 
ing portion  a  wave  is  propagated  that  travels  at  precisely  the  same 
rate  as  the  contraction  that  occurs  when  mechanical  irritation  is  applied 
to  a  given  point  of  a  fresh  muscle.  It  has  been  found  by  Aby  that  the 
rapidity  of  this  last  in  the  muscles  of  Frogs  is  about  40  inches  per 
second,  or  about  26  times  slower  than  the  propagation  of  a  stimulus 
through  the  motor  nerves.*  M.  Mareyj"  has  lately  shown  by  means  of 
his  delicately  constructed  registering  apparatus,  that  the  contraction  of  a 
muscle  which  follows  the  application  of  a  sudden  stimulus,  as  of  an  electric 
spark,  differs  remarkably  from  the  contraction  induced  by  a  voluntary 
'mpulse.  In  the  former  instance  the  contraction  is  sudden  and  single, 
specially  if  the  muscle  be  quite  fresh,  becoming  slower  as  the  muscle 
xperiences  fatigue.    This  is  clearly  shown  in  the  following  woodcut, 

Fm.  205. 


diapason  .  I00.V.  D 


-vhich  represents  the  tracing  obtained  on  a  rapidly-rotating  circular 
lisk  from  a  muscle  made  to  contract  by  the  opening  and  closing  of  a 
jalvanic  current.  Two  contractions,  or  as  M.  Marey  terms  them  im- 
)ulses  or  shocks  (secousses)  are  exhibited.  One  scries  (o)  corresponding 
o  the  period  of  opening  of  the  induced  current,  the  other  of  closing  (c). 
the  line  traced  at  the  bottom  of  the  figure  by  a  diapason  vibrating  100 
imes  (double,  vibrations)  per  second  enables  the  duration  of  each  of  the 

*  Canstatt's  "  Bericht,"  1862,  pp.  3  and  151. 
t  oee  his  Lectures  on  '  Self-registering  Apparatus.'  in  the  "  Revue  des  Coura 
Kaentifiques,"  torn.  iii. 
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impulses  to  be  estimated.    The  arrangement  of  the  apparatus  is  such 
that  the  lower  lines  represent  the  tracing  obtained  when  the  muscle  is 
in  the  perfectly  recent  state,  whilst  the  upper  ones  represent  it  when 
more  or  less  exhausted.    It  will  be  noticed  that  for  each  galvanic  shock 
there  is  a  single  instantaneous  contraction  represented  by  an  elevation 
with  rounded  summit,  and  that  the  period  of  ascent  corresponding  to 
the  period  of  shortening  of  the  muscle  (on  the  left)  is  more  rapid  than 
the  period  of  descent  of  the  line,  the  latter  corresponding  to  the  period 
of  relaxation.    In  proportion  as  the  muscle  becomes  fatigued  three  pecu- 
liarities may  be  noticed ;  the  duration  of  the  contraction  or  shock  aug- 
ments ;  the  period  of  ascent  becomes  prolonged,  and  the  height  of  the 
wave  or  the  amount  of  shortening  of  the  muscle  increases.    This  last, 
however,  is  only  transient,  since,  if  the  tracings  be  continued,  the  wave 
height  diminishes  though  its  width  continues  to  increase.  The  tracings 
present  the  same  features  whether  the  excitation  be  applied  to  the 
nerve  supplying  the  muscle,  or  to  the  muscle  itself.  It  is  very  interesting 
to  remark  that  the  phenomena  of  exhaustion  are  not  produced  in  the 
living  body  within  moderate  limits,  indicating  that  reparation  is  con- 
stantly taking  place.    Of  all  the  muscles  of  the  body,  the  heart  alone  in 
its  ordinary  contraction  gives  a  tracing  corresponding  to  that  obtained 
from  a  voluntary  muscle  on  the  application  of  an  electrical  shock — that  is 
to  say,  the  heart  constitutes  the  only  instance  where  each  contraction 
is  definitive  and  single,  and  it  presents  the  same  characters  in  all  animals. 
In  all  other  instances,  what  is  termed  a  muscular  contraction  consists  of 
a  series  of  shocks  or  impulses,  as  shown  in  Fig.  206,  in  which  a  tracing  is 

shown  such  as  may  be  obtained 
Fig.  206.  from  a  muscle  to  which  excita- 

tions at  regular  intervals  are  ap- 
plied. Here  the  effects  of  the 
successive  shocks  are  in  the  first 
instance  superadded  to  one  an- 
other till  a  certain  degree  of 
contraction  is  obtained,  which 
remains  permanent  with  that 
amount  of  stimulation.  If  the 
electrical  excitations  are  made  to 
succeed  each  other  more  rapidly 
(Fig.  207),  the  successive  shocks 
unite  more  quickly  and  completely,  and  the  total  contraction  is  greater 
in  degree.  Finally,  if  the  excitations  are  repeated  more  than  a  certain 
number  of  times  per  second,  varying  with  the  animal  and  the  state  of 
the  mtiscle,  the  several  shocks  fuse  completely  into  one  another,  and 
tetanus  is  produced  in  which  no  vibration  is  perceptible  (Fig.  208).  The 
muscles  of  different  animals  respond  differently  to  electrical  excitation. 
In  the  case  of  the  bird,*  permanent  contraction  or  tetanus  is  not  produced 
until  more  than  75  shocks  are  communicated  in  a  second,  whilst  the 
muscles  of  a  tortoise  are  tetanized  with  only  three  shocks  per  secon  . 
As  to  the  forces  which  govern  these  muscular  shocks,  it  -would  seem  ne 
cessary  to  admit  the  existence  of  two  :  of  contractile  force  by  which  tne 
muscle  is  shortened,  and  of  an  antagonistic  elastic  force  by  which  i 
*  Mare.y,  "Rev.  des  CWs  Scient.,"  vol.  iv.  1867,  r-  215. 
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elongated.  The  elastic  force  will  augment  in  proportion  to  the  degree  of 
shortening  of  the  muscle,  or  in  other  words,  the  same  effort  will  shorten 
the  muscle  less  in  proportion  as  it  is  more  contracted,  which  well  ex- 
plains the  progressive  decrease  of  the  periods  of  ascent  of  the  successive 
shocks,  and  the  progressive  augmentation  of  the  periods  of  descent. 

675.  The  contractility  of  the 
muscles  may  be  called  into  play 
either  directly  by  stimuli  applied 
to  the  tissue  itself,  or  indirectly 
by  agents  exciting  the  motor 
nerves.  The  contraction  which 
follows  in  the  latter  instance  is 
termed  by  Schiff  neuro-muscu- 
lar,  and  in  the  striated  muscles 
is  sudden,  general,  and  ener- 
getic ;  but  when  mechanical 
irritation  is  directly  applied  to 
a  muscle,  the  tissue  itself  re- 
sponds to  the  stimulus,  pro- 
ducing what  Schiff  has  termed  idio-muscular  contraction.  It  may  be 
observed  in  the  manner  first  described  by  Dr.  Stokes*  by  percussing 
the  pectoralis  muscle  of  emaciated  patients,  or  by  drawing  the  back  of  a 
knife  across  a  muscle  after  all  signs  of  irritability  on  the  application  of 
stimuli  to  the  motor  nerve  have  ceased  ;  and  presents  itself  as  a  swells 
ing  or  intumescence  a  few  lines  broad  and  high,  but  varying  with  the 
strength  of  the  blow,  lasting  for  four  or  five  seconds,  and  slowly  disappear  - 


Fig.  208. 
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'ng.  A  further  phenomenon  has  been  noticed  in  the  same  muscles  by 
A-uerbachf  after  an  energetic  blow ;  namely,  a  wave  or  undulating  con- 
faction,  proceeding  from  either  side  of  the  local  intumescence  of  Schiff, 
md  propagating  itself  to  the  extremity  of  the  muscle  at  the  rate  of  about 
eighteen  inches  per  second.  The  breadth  of  the  waves  is  about  a 
quarter  of  an  inch  at  their  base,  and  they  gradually  die  out  as  they 
ipread  from  the  point  struck.  It  is  doubtful  whether  both  of  these  ap- 
pearances are  not  due  simply  to  a  prolonged  contraction  of  the  muscle, 
•  esulting  from  exhaustion  of  its  contractility  at  the  excited  spot. 

676.  Sudden  variations  of  temperature  induce  persistent  contraction 

*  "  On  Diseases  of  the  Chest,"  p.  397. 
t  "AWrona.  der  Schleswig.  Gesells.,"  18(51,  p.  294. 
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of  muscular  tissue;  thus. the  legs  of  a  frog,  dipped  into  water  at  a  tem- 
perature either  as  high  as  130°  or  as  low  as  25°  Fahr.,  become  tetanized. 
As  regards  chemical  agents,  some  appear  to  act  with  equal  energy  in 
producing  contraction,  whether  applied  to  the  muscle  or  to  the  motor 
nerve,  as  solutions  of  potash  and  soda ;  others,  as  creosote,  alcohol,  pure 
lactic  acid,  and  glycerine,  act  on  the  muscle  through  the  nerve,  but 
possess  little  stimulating  power  when  directly  applied  to  the  muscle ; 
and  others  again  excite  energetic  contraction  when  made  to  act  imme- 
diately on  the  muscle,  but  scarcely  operate  through  the  nerve,  as 
sulphate  of  copper  and  ammonia.*  Kuhncf"  remarks  that  all  those 
bodies  which  coagulate  the  muscle  plasma,  as  dilute  acids  and  alkalies, 
act  as  powerful  stimulants  to  muscles  even  when  very  dilute.  The 
metallic  salts,  as  a  rule,  require  to  be  in  a  stronger  state  of  concentration. 
He  thinks  that  each  part  as  it  contracts,  generates  material  (paralactic 
acid)  which  again  acts  as  an  excitor  to  the  next  adjoining  layer. 

677.  The  contractions  of  the  Heart  present  some  differences  from  those 
of  ordinary  striated  muscidar  tissue,  probably  depending  upon  the  peculiar 
arrangement  of  its  fibres,  whereby  the  contraction  of  one  set  gives  a 
mechanical  stimulation  to  others ;  for  the  muscidar  substance  of  a  large 
part  of  the  organ  is  thrown  into  rapid  and  energetic  contraction  by  a 
stimulus  applied  at  any  one  point,  and  this  contraction  is  speedily 
followed  by  relaxation,  which  is  again  succeeded  by  a  number  of  alter- 
nating contractions  and  relaxations.    Each  contraction,  however,  has 
been  shown  to  be  equivalent  to  a  single  shock  in  an  ordinary  striated 
muscle  (§  674).    On  the  other  hand,  if  we  apply  a  similar  irritation 
to  a  portion  of  non-striated  fibre,  as  that  of  the  Intestinal  Canal,  the 
fasciculus  which  is  stimulated  will  contract  less  suddenly,  but  ultimately 
to  a  greater  amount ;  its  relaxation  will  be  less  speedy,  and  before  it  takes 
place,  other  fasciculi  in  the  neighbourhood  begin  to  contract :  their  con- 
traction propagates  itself  to  others,  and  so  on.  In  this  manner  consecutive 
contractions  and  relaxations  may  be  produced  through  a  considerable 
part  of  the  canal  by  a  single  prick  with  a  scalpel.   Again,  in  the  muscular 
structure  of  the  Bladder  and  Uterus  (when  the  latter  is  fully  developed), 
direct  irritation  excites  immediate  and  powerful  contractions,  which 
extend  beyond  the  fasciculus  actually  irritated,  and  produce  a  great 
degree  of  shortening  ;  but  they  do  not  alternate  in  the  healthy  state  with 
any  rapid  and  decided  elongation.    Similar  phenomena  may  be  observed 
on  irritation  of  the  smaller  arteries.    In  order  to  obtain  the  full  con- 
traction of  a  muscle  by  irritation  applied  to  the  nerves,  it  is  requisite 
that  the  stimulus  should  be  applied  for  a  certain  length  of  time  ;  thus 
BudgeJ  found  that  when  an  electric  current  was  passed  through  the 
cervical  region  of  the  spinal  cord  of  a  rabbit  for  the  space  of  half  a 
second,  the  pupil  dilated  about  one-sixth  of  an  inch  ;  but  on  continuing 
the  application  for  three  seconds,  dilatation  occurred  to  the  extent  o 
nearly  one-third  of  an  inch.    In  all  cases  relaxation  speedily  alternates 
with  contraction,  unless  the  operation  of  the  stimulus  be  continued 
as  when  an  electric  current  is  propagated  without  intermission  along  i 
nerve-trunks — in  which  case  the  contraction  lasts  as  long  as  the  stimu  u> 
is  continuously  applied,  but  ceases  as  soon  as  it  is  withdrawn. 
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singular  "  inhibitory"  effects  produced  by  irritation  of  some  nerves,  as 
the  pneumogastric  and  splanchnic,  have  already  (§§  91,  242)  been 
alluded-to ;  but  further  experiments  are  still  required  before  it  can 
be  admitted  that  any  nerve  can  really  transmit  a  "  stimulus  to 
relaxation"  on  the  part  of  the  muscle  to  which  it  is  distributed. 
The  general  fact  that  relaxation  alternates  with  contraction  at  no 
long  intervals,  is  most  evident  in  the  rhythmical  movements  of  the 
1  leart*  and  in  the  peristaltic  action  of  the  Intestinal  Canal ;  since  in 
these  parts  the  whole  or  a  large  proportion  of  the  fibres  seem  to  contract 
together,  and  then  shortly  relax.  But  this  is  probably  no  less  true  of 
the  individual  fibres  of  those  muscles  which  are  kept  in  contraction  by  a 
stimulus  transmitted  through  their  nerves  ;  since  none  of  them  appear, 
under  ordinary  circumstances  at  least,  to  remain  in  a  contracted  state  for 
any  length  of  time,  a  constant  interchange  of  condition  taking  place 
among  the  fibres,  some  contracting  while  others  are  relaxing,  and  vice 
versd.  It  is  difficult  to  speak  with  confidence,  however,  in  regard  to  the 
condition  of  the  individual  fibres  of  a  muscle  that  is  thrown  into  a  state 
of  continued  spasmodic  contraction.  Whether  the  individual  fibres  in  such 
instances  maintain  a  state  of  contraction  without  intermission,  or  whether 
the  contraction  of  the  entire  muscle  is  kept-up  by  a  continual  interchange 
of  the  fibres  actually  engaged,  is  a  very  curious  subject  for  inquiry. 

678.  Muscles  do  not  lose  their  Irritability  immediately  on  the  general 
death  of  the  system,  which  must  be  considered  as  taking  place  when  the 
circulation  ceases  without  the  power  of  renewal ;  in  cold-blooded  animals 
it  is  retained  much  longer  after  this  period  than  in  the  higher  Vertebrata, in 
some  instances  attaining  its  highest  degree  long  after  death  has  occurred,! 
whilst  in  the  latter  it  frequently  disappears  within  an  hour.  The  muscles 
of  young  animals  generally  retain  their  irritability  for  a  longer  time 
than  those  of  adults ;  on  the  other  hand,  those  of  Birds  lose  their  irri- 
tability sooner  than  those  of  Mammalia.  Hence,  as  a  general  rule,  the 
duration  of  the  irritability  is  inversely  as  the  amount  of  respiration. 
From  experiments  on  the  bodies  of  executed  criminals  who  were  pre- 
viously in  good  health,  Nysten  ascertained  that  in  the  Human  subject 
the  irritability  of  the  several  muscular  structures  disappears  in  the 
following  time  and  order : — The  left  ventricle  of  the  heart  first,  the  in- 
testinal canal  at  the  end  of  45  or  55  minutes,  the  urinary  bladder 
aearly  at  the  same  time,  the  right  ventricle  after  the  lapse  of  an  hour ; 
the  oesophagus  at  the  expiration  of  an  hour  and  a  half,  the  iris  a  quarter 

*  Some  curious  rhythmical  movements  have  been  observed  by  M.  Brown-Se'quard 
."  Gaz.  Med.,"  1849)  in  the  diaphragm,  in  the  intercostals,  and  in  some  of  the  muscles 
»f  locomotion,  both  after  death  and  after  section  of  their  nerves  during  life.  These 
aovements  could  not  be  in  any  way  dependent  upon  reflex  action,  because  they  took 
j  nace  when  the  muscles  were  completely  cut  off  from  the  nervous  centres,  sometimes 
o  the  number  of  from  5  to  20  in  a  minute,  and  for  as  long  as  a  quarter  of  an  hour 
met  death  ;  and  occasionally  recurred  in  living  animals  for  many  months  afterwards, 
•specially  when  the  respiration  was  impeded  and  the  circulation  hurried.  Of  a  similar 
I  mt'ire  are  the  vibratory  movements  of  the  muscles  of  the  tongue  witnessed  by  Schiff 
I  ifter  section  of  the  Hyoglossal  ("  Physiologie,"  1859,  p.  177) ;  and  we  may  perhaps 
I  e^er  to  the  same  category  the  trembling  movements  of  the  hands  and  head  in  old  age, 
J  n  certain  forms  of  paralysis,  and  in  habitual  drunkards  and  smokers.    All  these  cases 
I  urnish  evidence  of  a  tendency  to  rhythmical  movements  in  the  muscles  themselves, 
f  'together  independent  of  the  excitement  to  action  which  they  receive  through  the 
l  iervous  system. 

t  See  on  the  whole  subject  of  the  '  Irritability  of  Muscles,'  a  good  paper  by  Dr. 
I  sorris  in  Humphry  and  Turner's  "  Journ.  of  Aunt,"  vol.  i.p.  217. 
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of  an  hour  later ;  the  muscles  of  animal  life  somewhat  later  ;  and  lastly, 
the  auricles  of  the  heart,  especially  the  right,  which  in  one  instance  con- 
tracted under  the  influence  of  galvanism  16^  hours  after  death.  It  will 
be  presently  shown  that  the  departure  of  the  irritability  is  essentially 
dependent  upon  the  cessation  of  the  circulation,  and  that  it  may  be  pre- 
vented from  disappearing,  and  may  even  be  recalled  after  it  has  ceased 
to  manifest  itself,  by  transmitting  a  current  of  arterial  blood  through 
the  muscles. 

679.  Muscular  Irritability  is  deadened  by  many  substances,  and 
especially  by  those  which  have  a  narcotic  or  sedative  action  on  the 
nervous  system.    In  carbonic  acid  gas,  hydrogen,  carbonic  oxide,  or 
sulphurous  acid  gas,  muscles  contract  very  feebly,  or  not  at  all,  when 
stimulated ;  whilst  in  oxygen  they  retain  their  irritability  longer  than 
usual.    Narcotic  substances,  such  as  a  watery  solution  of  opium,  when 
applied  directly  to  the  muscles,  have  an  immediate  and  powerful  effect 
in  diminishing  or  even  destroying  their  irritability ;  this  effect  is  also 
produced,  though  in  a  less  powerful  degree,  by  injecting  these  substances 
into  the  blood.    In  the  same  manner  venous  blood  charged  with 
carbonic  acid,  and  deficient  in  oxygen,  has  the  effect  of  a  poison  upon 
the  muscles,  diminishing  their  irritability,  when  it  continues  to  circulate 
through  them,  to  such  a  degree  that  they  sometimes  lose  it  almost  a? 
soon  as  the  circulation  ceases,  as  is  seen  in  those  who  have  died  from 
gradual  and  therefore  prolonged  asphyxia.    The  unfavourable  influence 
of  venous  blood  is  also  shown  in  the  Morbus  Cceruleus,  patients  affected 
with  which  are  incapable  of  any  considerable  muscular  exertion. 
Although  most  of  the  stimuli  which  occasion  the  contraction  of  muscles, 
when  directly  applied  to  their  fibres,  operate  also  when  applied  to  their 
motor  nerves,  the  same  does  not  hold  good  in  regard  to  those  agents 
which  diminish  irritability.    It  is  a  fact  of  some  importance  in.  relation 
to  the  disputed  question  of  the  connection  of  muscular  irritability  with 
the  nervous  system,  that  when,  by  the  application  of  narcotic  substances 
to  the  nerves,  their  vital  properties  are  destroyed,  the  irritability  of  the 
muscle  may  remain  for  some  time  longer,  showing  that  the  latter  must 
be  independent  of  the  former. — The  effects  produced  by  the  Woorara 
and  Upas  Antiar  poisons  in  this  respect  are  exceedingly  curious,  and 
have  been  carefully  studied  by  Bernard*  and  others.    Woorara,  Coma, 
and,  as  Drs.  Crum  Brown  and  Fraserf  have  shown,  the  Sulphates  ^  and 
Iodides  of  Methyl- Strychnium,  Methyl-Brucium,  Methyl-Thebaium, 
Methyl- Codeium,  and  Methyl-Morphium  all  act  directly  upon  the  motor 
nerves,  whilst  Cyanide  of  Potassium  and  the  poison  of  the  Upas  Antiar 
abolish  the  irritability  of  the  muscular  tissue  itself     The  evidence 
given  by  Bernard  in  proof  of  this  last  statement  is  very  satisfactory,  for 
he  has  shown  that  the  cause  of  death  after  the  administration  of  a 
sufficient  dose  of  Woorara  is  the  cessation  of  the  respiratory  movements 
owing  to  paralysis  of  the  motor  nerves;  for  not  only  has  it  been  prove 
by  v.  Bezold  that  by  this  agent  the  rapidity  of  the  conduction  of  stimuli  | 

*  See  his  Lecture  in  " Med.  Times  and  Gazette,"  1860,  vol  ii. ;  also 
"  Monatsbericht  der  Berlin.  Akad.,"  1859;  and  Martin-Magron  and  Uuissoi 


in 


"  Journal  de  la  Physiologie,"  I860.  „  ,    „„  tu0  ron. 

t  "  Transact,  of  the  Roy.  Soc.  of  Edinb.,"  1868.  A  paper  of  great  value  on  tlie 
nection  between  chemical  constitution  and  physiological  action. 
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through  the  motor  nerves  is  greatly  reduced  and  ultimately  abolished, 
but  it  is  certain  that  perfect  recovery  may  take  place  if  artificial  respira- 
tion be  maintained  for  a  sufficient  length  of  time  to  enable  the  poison  to 
be  eliminated  from  the  system  or  decomposed  within  it ;  whilst  in  foetuses, 
and  during  the  earlier  stages  of  existence  of  fishes  and  other  animals  that 
are  not  directly  dependent  upon  muscular  movements  for  the  aeration 
of  their  blood,  this  being  accomplished  by  the  umbilical  vesicle,  little  or 
no  injurious  effect  is  experienced,  the  animals  continuing  to  swim  about 
in  a  watery  solution  of  the  poison  without  apparent  inconvenience.  That 
the  sensory  nerves  are  not  affected  seems  to  be  proved  by  the  experi- 
ments of  Kolliker  and  Funke,  who  observed  that  reflex  actions  could 
readily  be  excited  in  parts  kept  free  from  the  circulation  of  poisoned 
blood  by  the  ligature  of  their  vessels,  on  pricking  or  pinching  the  skin  of 
parts  poisoned  by  the  admission  of  blood  containing  Woorara.  The  influ- 
ence of  the  poison  seems  to  be  first  felt  by  the  peripheral  extremities  of 
the  motor  nerves,  and  its  paralyzing  effect  gradually  extends  centri- 
petally  through  the  trunks. — An  additional  argument  may  be  men- 
tioned in  favour  of  the  essential  independency  of  muscular  irritability,  in 
the  circumstance  that,  although  spontaneous  movements  occur  in  the 
muscles  of  embryos,  the  muscles  cannot,  in  the  earlier  periods  of  fcetal 
fife,  be  incited  to  contract  by  stimuli  directly  applied  to  their  nerves. — 
Dr.  Harless*  again  found  that  when  the  Nervous  system  had  been  ren- 
dered, by  the  inhalation  of  ether,  utterly  incapable  of  conveying  a  galvanic 
stimulus  applied  either  to  the  nervous  centres  or  to  the  nerve-trunks, 
the  same  stimulus  applied  directly  to  the  muscles  would  immediately 
throw  them  into  powerful  contraction.  Various  other  experimenters  have 

own  that  when  the  nerves  supplying  the  muscles  of  a  limb  are  divided 
and  the  animals  are  allowed  to  live,  excitants  applied  to  the  nerves  beyond 
the  point  of  division  fail  to  produce  muscular  contraction  long  before 
they  cease  to  do  so  when  applied  to  the  muscles  themselves.  Hence  it  is 
obvious  that  the  activity  of  the  Nervous  system  is  not  essential  to  the 
manifestation  of  the  characteristic  endowment  of  the  Muscular. 

680.  We  find,  however,  that  sudden  and  severe  injuries  of  the  Nervous 
centres  have  power  to  impair,  directly  and  instantaneously,  or  even  to 
destroy  the  contractility  of  the  whole  Muscular  system  ;  so  that  death 
immediately  results,  and  no  irritability  subsequently  remains.  It  is  in 
this  manner  that  the  sudden  destruction  of  the  brain  and  spinal  cord, 
especially  of  the  latter,  occasions  the  immediate  cessation  of  the  heart's 
action,  though  they  may  be  gradually  removed  without  any  considerable 
effect  upon  it.  Severe  concussion  has  the  same  effect ;  hence  the  syncope 
which  immediately  displays  itself.  It  is  sometimes  an  important  question 
in  forensic  medicine,  whether  an  individual  who  has  died  from  the  effects 
of  a  blow  upon  the  head,  could  have  moved  from  the  place  where  the 
hlow  was  inflicted.  If  there  be  found,  as  is  frequently  the  case,  no  sensible 
disorganization  of  the  brain,  the  death  must  be  attributed  to  the  con- 
cussion, and  must  have  been  in  that  case  immediate.  If,  on  the  other 
hand,  effusion  of  blood  has  taken  place  Avithin  the  cranium  to  any  con- 
siderable extent,  it  is  probable  that  the  first  effects  of  the  blow  were  in 
some  degree  recovered-from,  and  that  the  circulation  was  re-established. 
It  is  not  essential,  however,  that  the  impression  should  be  primarily 

*  MUller's  "Archiv,"  1817,  Bd.  ii. 
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made  upon  the  Cerebro-Spiual  system.  The  well-known  fact  of  sudden 
death  not  unfrequently  resulting  from  a  blow  on  the  stomach,  especially 
after  a  full  meal,  without  any  perceptible  lesion  of  the  viscera,  clearly 
indicates  that  an  impression  upon  the  widely-spread  cceliac  plexus  of 
Sympathetic  nerves  (which  will  be  much  more  extensively  communi- 
cated to  them  when  the  stomach  is  full  than  when  it  is  empty)  may 
cause  the  immediate  cessation  of  the  heart's  action,  in  the  same  manner 
as  a  violent  injury  of  the  brain  or  spinal  cord.  In  all  these  cases  the 
whole  vitality  of  the  system  appears  to  be  destroyed  at  once ;  for  the 
processes  which  would  otherwise  succeed  to  the  injury,  and  which  after 
other  kinds  of  death  less  sudden  in  their  character,  produce  evident 
changes  in  the  part  of  the  surface  that  has  immediately  received  it,  are 
here  entirely  prevented.  An  instance  is  on  record  in  which  a  criminal 
under  sentence  of  death  determined  to  anticipate  the  law  by  self-destruc- 
tion. Having  no  other  means  of  accomplishing  his  purpose,  he  stooped 
his  head  and  ran  violently  against  the  wall  of  his  cell ;  he  immediately 
fell  dead,  and  no  mark  of  contusion  showed  itself  on  his  forehead. 
The  same  absence  of  the  usual  results  is  to  be  noticed  in  the  case  of 
blows  on  the  stomach.  The  influence  of  severe  impressions  on  the 
nervous  system  in  diminishing,  when  it  does  not  altogether  destroy, 
muscular  irritability,  is  well  seen  in  the  operation  of  severe  injuries 
affecting  vital  organs,  or  extending  over  a  large  part  of  the  surface,  in 
depressing  the  heart's  action ;  to  which  attention  has  already  been 
directed  (§  242). 

681.  From  a  general  consideration  of  the  phenomena  of  Irritability, 
we  can  scarcely  do  otherwise  than  acquiesce  fully  in  the  doctrine  of 
Haller,  which  involves  no  hypothesis,  and  which  is  perfectly  conformable 
to  the  analogy  of  other  departments  of  Physiology.    He  regarded  every 
part  of  the  body  which  is  endowed  with  irritability  as  possessing  that 
property    in  and  by  itself ;   but  considered  that  the  property  is 
subjected  to  excitement  and  control  from  the  nervous  system,  the 
agency  of  which  is  one  of  the  stimuli  that  can  call  it  into  opera- 
tion.   It  may  be  desirable  briefly  to  sum  up  the  facts  by  which  this 
doctrine  is  supported.     1.  The  existence  in  vegetables  of  irritable 
tissues,  which  are  excited  to  contraction  by  stimub  directly  applied  to 
themselves,  and  which  can  be  in  no  way  dependent  upon  or  influenced 
by  a  nervous  system.    2.  The  existence  in  animals  of  a  form  of  muscular 
tissue  which  is  especially  connected  with  the  maintenance  of  the  organic 
functions,  and  which  is  much  more  readily  excited  to  action  by  direct 
stimulation  than  it  is  by  nervous  agency.    3.  The  fact  that  by  the 
agency  of  these  the  organic  functions  may  go  on  (so  long  as  then*  re- 
quisite conditions  are  supplied)  after  the  removal  of  the  nervous  centres 
(of  the  Cerebro-Spinal  system  at  least),  and  when  these  were  never 
present ;  rendering  it  next  to  certain  that  their  ordinary  operations  are 
not  dependent  upon  any  stimuli  received  through  the  nerves^  but  upon 
those  directly  applied  to  themselves.    4.  The  persistence  of  irritability 
in  muscles,  for  some  time  after  the  nerves  have  ceased  to  be  able 
convey  to  them  the  effects  of  stimuli  :  this  is  constantly  seen  in  {eS** 
to  the  Sympathetic  system  of  nerves,  and  the  muscles  of  organic 
upon  which  they  operate ;  and  it  is  shown,  by  the  agency  of  nar°ot.1C  ' 
to  be  true  also  with  respect  to  the  Cerebro-Spinal  system  and  tn  y 


INDEPENDENCE  OF  MUSCULAR  IRRITABILITY.  761 

muscles  of  Animal  life.  5.  The  continuance  of  irritability  in  the 
muscles  after  their  complete  isolation  from  the  nervous  centres,  so  long 
as  their  nutrition  is  unimpaired ;  and  the  effects  of  frequent  exercise  in 
preventing  the  impairment  of  the  nutrition  and  the  loss  of  irritability, 
b".  The  recovery  of  the  irritability  of  muscles,  when  isolated  from  the 
nervous  centres,  after  it  has  been  exhausted  by  repeated  stimulation  : 
this  also  depends  upon  the  healthy  performance  of  the  nutritive  actions. 
7.  The  existence  of  certain  poisons  which  appear  to  possess  a  directly 
depressing  effect  on  the  conducting  power  of  motor  nerves,  without 
exerting  any  influence  upon  the  irritability  of  muscles.  8.  The  existence 
of  certain  tracts  of  muscular  tissue,  as  those,  for  instance,  of  the  walls 
of  the  umbilical  vessels,  which  according  to  Virchow,  whilst  possessing 
considerable  irritability,  show  no  trace  of  nervous  tissue.  In  the  words 
of  Dr.  Alison,  then,  "  the  only  ascertained  final  cause  of  all  endow- 
ments bestowed  on  nerves  in  relation  to  muscles,  in  the  living  body, 
ippears  to  be  not  to  make  muscles  irritable,  but  to  subject  their  irrita- 
bility in  different  ways  to  the  dominion  of  the  acts  and  feelings  of  the 
nind" — to  its  volitions,  emotions,  and  instinctive  determinations.* 

682.  There  can  be  no  question  that  the  condition  most  essential  to  the 
naintenance  of  muscular  contractility  is  an  adequate  supply  of  arterial 
)lood.    It  is  well  known  that  when  a  ligature  is  applied  to  a  large 
xterial  trunk  in  the  Human  subject,  there  is  not  only  a  deficiency  of 
ensibility  in  the  surface,  but  also  a  partial  or  complete  suspension  of 
mscular  power,  until  the  collateral  circulation  is  established.  The 
line  result  has  been  constantly  attained  in  experiments  upon  the  lower 
nimals;  the  contractility  of  the  muscle  being  impaired  or  altogether 
xtinguished  when  the  flow  of  blood  into  it  was  arrested,  and  being  re- 
covered again  when  the  supply  of  blood  was  restored. — The  various  ex- 
:3riments  of  M.  Brown-Sequardf  on  this  subject  are  still  more  satis- 
ictory,  as  showing  that  the  contractility  of  muscles,  whether  of  the 
1  nated  or  smooth  variety,  may  be  restored  by  the  transmission  of  aerated 
ood  through  them,  after  it  has  entirely  ceased,  and  has  even  given 
ace  to  cadaveric  rigidity.    Thus  he  found  that  when  he  connected  the 
i  ta  and  vena  cava  of  the  body  of  a  rabbit  which  had  been  some  time 
-ad,  and  in  which  the  cadaveric  rigidity  had  already  manifested  itself 
r  between  ten  and  twenty  minutes,  with  the  corresponding  vessels 
l>  a  living  rabbit,  so  as  to  re-establish  the  circulation  in  the  lower  ex- 
r  emities,  the  rigidity  disappeared  in  from  six  to  ten  minutes,  and  in  two 
three  minutes  afterwards  the  muscles  contracted  on  being  stimulated. 
•  2  subsequently  made  similar  experiments  upon  the  muscles  of  a  deca- 
Itated  criminal ;  the  hand  being  selected  as  a  convenient  part  for  the 
:  rpose.    It  was  not  until  nearly  12£  hours  after  death  that  all  traces 
irritability  had  left  the  muscles,  and  the  injection  was  not  commenced 
I  til  45  minutes  after  this,  cadaveric  rigidity  having  appeared  in  the 
|  .erval.   About  half  a  pound  of  human  blood  which  had  been  defibri- 
1  ted  and  freely  exposed  to  the  air  so  as  to  acquire  the  arterial  tint,  was 

I  k-t  A  ?00<*  r&um€  °f  the  arguments  for  and  against  tho  theory  of  independent 
I  Ubihty  in  muscles,  see  a  paper  by  Dr.  H.  N.  Maclaurin  in  "  Edinb.  Med.  Journal," 
1  Vi  1863. 

I  QSee,"  pazette  Mddicale,"  1851,  Nos.  24  and  27  ;  and  "  Journal  de  la  Physiologic." 
I  8,  vol.  i,  pp.  95>  353(  729> 
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then  injected  at  intervals  for  about  thirty-five  minutes ;  ten  minutes  after 
the  last  injection  the  greater  number  of  the  muscles  were  found  to  be 
irritable,  and  these  remained  so  for  two  hours,  after  which  the  contract! 
lity  gradually  departed,  and  was  succeeded  by  cadaveric  rigidity.  The 
blood  which  had  been  injected  in  an  arterialized  condition,  issued  from 
the  vessels  quite  dark ;  and  as  this  occurred  over  and  over  again,  the 
change  of  hue  could  not  be  attributed  to  anything  else  than  the  reaction 
between  the  blood  and  the  tissues. — Similar  experiments  were  made 
twenty-seven  hours  after  death,  upon  the  muscles  of  the  foot  of  the  same 
criminal ;  but  with  an  entirely  negative  result,  save  that  the  blood  which 
was  injected  returned  of  a  considerably  darker  hue. — Still  more  recent 
experiments  have  shown  that  in  order  that  the  muscles  should  retain 
their  elongated  condition,  it  is  necessary  that  they  should  be  supplied 
with  arterial  blood,  the  passage  of  venous  blood  through  their  capillaries 
immediately  inducing  contraction.  This  was  remarkably  exemplified  in 
an  experiment  made  by  M.  Brown-Sequard  upon  a  pregnant  rabbit,  in 
which  the  injection  of  venous  blood  into  the  uterine  vessels  immediately 
excited  the  organ  to  contract,  and  caused  the  expulsion  of  two  or  three 
foetuses,  whilst  on  injecting  arterial  blood  all  signs  of  contraction  imme 
diately  passed  off.  It  is  doubtful  whether  the  stimulus  to  contraction  hi 
these  cases  is  the  presence  of  carbonic  acid,  or  whether,  as  Dr.  KadclifFe* 
supposes,  it  is  not  rather  to  be  attributed  to  a  deficiency  of  oxygen, 
the  readmission  of  which  restores  the  vital  properties  of  the  muscle  and 
induces  its  elongation.  The  latter  view  is  certainly  supported  by  the 
violent  convulsions  which  occur  in  animals  that  are  bled  to  death ;  and 
even  the  convulsions  which  are  witnessed  in  asphyxia,  when  the  con- 
tracted state  of  the  small  arteries  (§  319)  and  the  consequent  diminished 
transmission  of  blood  through  the  capillaries  are  borne  in  mind,  are 
not  unfavourable  to  it.  Dr.  lladcliffe  has  adduced  the  interesting 
experiments  of  Dr.  George  Harleyf  upon  the  influence  of  the  addition 
of  strychnia  and  brucia  to  blood,  as  essentially  confirmatory  of  his 
view  ;  since  these  poisons  prevent  the  blood  from  absorbing  oxygen, 
and  their  action  may  thus  be  said  to  be  equivalent  to  a  copious  loss  of 
blood. 

683.  Whilst  the  Irritability  of  Muscles  is  gradually  departing  after 
death,  it  not  unfrequently  shows  itself  under  a  peculiar  form;  for,  instead 
of  producing  sudden  contractions,  speedily  followed  by  relaxation,  the 
application  of  Stimuli  then  occasions  slow  and  somewhat  prolonged  con- 
tractions, the  relaxation  after  which  is  tardy.    This  form  of  contraction 
is  seldom  seen  in  adult  Mammalia,  except  (as  will  be  presently  shown) 
when  death  has  taken  place  from  certain  diseases  that  have  a  special  in- 
fluence on  the  blood  and  muscular  system  ;  but  it  is  stated  by  M.  ^r°M^ 
SequardJ  to  present  itself  more  constantly  in  young  animals,  and  to 
(so  to  speak)  an  exaggeration  of  the  ordinary  modus  operandi  ol  tn 
muscles,  which  during  life  are  much  more  slowly  thrown  into  contr^bl 
by  mechanical  stimuli  than  they  are  in  adults.— The  most  remaik. '  h 
manifestations  of  it  yet  observed,  however,  have  been  witnessed  alter 

*  In  whose  work  «  On  Epileptic  and  other  Convulsive  Affections  of "  the •  «*JJf 
System"  (3rd  edit.,  1861),  much  original  and  interesting  information  on  me 
muscular  contractility  will  be  found.  ,,    ,  „  ,,       i  ,,.09  ifi49. 

t  See  "Lancet,"  1856.  t  "Gazette  M&licale,"  JJcccmbei  22, 
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from  Cholera  and  Yellow  Fever;  for  in  these  cases  the  muscular  con- 
tractions, though  capable  of  being  excited  by  mechanical  stimulation 
applied  to  the  muscles  themselves,  are  frequently  spontaneous,  and  some- 
times give  rise  to  movements  strongly  resembling  the  ordinary  actions 
of  the  living  state.  In  regard  to  the  occurrence  of  this  phenomenon, 
after  death  from  yellow  fever,  several  interesting  observations  have  been 
recorded  by  Dr.  Bennet  Dowler  of  New  Orleans.*  In  one  case,  the 
subject  of  which  was  an  Irishman,  aged  twenty-eight,  the  following 
series  of  movements  took  place  spontaneously  not  long  after  the  cessa- 
tion of  the  respiration :  first  the  left  hand  was  carried  by  a  regular 
motion  to  the  throat,  and  then  to  the  crown  of  the  head ;  the  right  arm 
followed  the  same  route  on  the  right  side  ;  the  left  arm  was  then  carried 
back  to  the  throat,  and  thence  to  the  breast,  reversing  all  its  original 
motions,  and  finally  the  right  hand  and  arm  did  exactly  the  same. 
Similar  phenomena  have  been  described  by  Mr.  N.  B.  Ward,  Mr. 
Helps,  and  Mr.  Barlowf  as  occurring  in  the  bodies  of  cholera  patients. 
Many  circumstances  indicate  that  these  movements  were  due  to  the 
inherent  contractility  of  the  nrascles,  and  were  not  in  any  degree  de- 
pendent upon  the  operation  of  the  nervous  system  ;  and  Mr.  Dowler 
proved  experimentally,  by  completely  separating  limbs  which  exhibited 
these  movements  from  the  trunk  of  the  body,  that  the  influence  of  the 
nervous  system  was  hot  in  any  degree  essential  to  their  production. 

684.  The  Rigor  mortis,  or  Cadaveric  rigidity  of  the  muscles,  begins 
immediately  after  all  indications  of  irritability  have  departed,  but  be- 
fore any  putrefactive  change  has  commenced.    The  supervention  of  the 
rigidity  is  not  usually  prolonged  much  beyond  seven  hours,  though  a 
tetanic  state  at  first  sight  resembling  it  may  occasionally  be  observed  to 
occur  instantly  after  death  from  some  peculiar  conditions  of  the  nervous 
ind  muscular  systems  at  the  moment.    In  other  instances  twenty  or 
•  iven  thirty  hours  may  elapse  before  it  shows  itself.    Its  general  dura- 
ion  is  from  twenty-four  to  thirty-six  hours,  but  it  may  pass  off  much 
nore  rapidly,  or  it  may  be  prolonged  to  four  or  six  days.  It  first  affects 
he  neck  and  lower  jaw,  then  the  trunk,  then  the  upper  extremity,  and 
inally,  the  muscles  of  the  lower  extremities.    In  its  departure,  which 
s  immediately  followed  by  decomposition,  the  same  order  is  followed, 
t  is  remarkable  that  it  is  equally  intense  in  muscles  which  have  been 
>aralyzed  by  Hemiplegia,  or  whose  nerves  have  been  previously  severed, 
>rovided  that  no  considerable  change  has  taken  place  in  their  nutrition. 
\  t  was  the  opinion  of  Mr.  Hunter  that  death  from  exhaustion  by  hunt- 
hpg,  as  well  as  by  lightning,  completely  prevents  the  post-mortem 
I  igidity  of  muscles,  and  the  coagulation  of  the  blood.    But  the  obser- 
ations  of  Gulliver}:  proved  that  in  animals  killed  by  hunting  and  by 
ghting,  the  rigor  mortis  is  greatly  hastened,  and  that  the  blood  does 
oagulate.  He  found  that  deer,  foxes,  and  hares  became  quickly  stiff  after 
|  ting  hunted  to  death ;  and  that  game  fowls,  exhausted  and  worried  to 
eath  by  fighting,  become  quite  stiff,  and  have  the  blood  coagulated  in 
I  ieir  hearts  within  twenty-eight  minutes  after  the  last  fatal  wound. 

j  *  ''Experimental  Researches  on  the  Post-mortem  Contractility  of  tho  Muscles,"  1846. 
i  ;  ^ec  Mr.  F.  Barlow's  '  Observations  on  the  Muscular  Contractions  which  occa- 
t  °-?  «£?.ccur  after  Death  from  Cholera,'  in  "  Med.  Gazette"  for  1849-50. 
I  +    i-din.  Mod.  and  Surg.  Journ.,"  Oct.  1848. 
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The  immersion  of  Batrachian  reptiles  in  water  at  a  temperature  of  j 
about  120°  kills  them  instantly,  when  their  muscles  become  immediately 
very  stiff.    Indeed  it  may  be  said  that  all  circumstances  which  tend  to 
exhaust  or  depress  the  irritability  of  the  muscles,  such  as  death  by  slow 
and  wasting   disease,  violent  muscular  exertion  immediately  before 
death,  or  powerful  electrical  shocks  passed  through  the  motor  nerves, 
induce  the  early  appearance  and  speedy  departure  of  this  state — putre- 
faction subsequently  appearing  and  progressing  rapidly.    On  the  other 
hand,  when  the  general  energy  has  been  retained  up  to  a  short  period 
before  death,  as  in  persons  who  die  from  an  accidental  cause,  or  in 
animals  the  irritability  of  whose   muscles  has   been  augmented  by 
cold,  cadaveric  rigidity  sets  in  late  and  lasts  long,  and  putrefaction  also 
appears  late  and  progresses  slowly.    Muscles  deprived  of  blood  by  the 
ligature  of  their  arteries,  or  by  the  injection  of  warm  water,  pass  into 
a  state  closely  analogous  to,  if  not  identical  with  Rigor  mortis ;  and 
within  certain  limits  their  powers  can  be  restored  by  the  readmission  of 
a  current  of  duly  oxygenated  or  arterial  blood. — The  condition  of  the 
muscles  in  post-mortem  rigidity  is  in  many  respects  different  from  that 
of  the  contraction  which  occurs  during  life.   In  the  former  the  shorten- 
ing is  persistent  and  uniform,  the  elasticity  of  the  tissue  is  increased,  it 
feels  firm  and  hard,  and  there  are  no  signs  of  electrical  disturbance.  \ 
In  the  latter,  on  the  contrary,  the  contraction  is  intermittent,  and  there  I 
is,  as  we  have  seen,  a  diminution  in  the  amount  of  the  elasticity  and  of 
firmness,  and  evidence  of  a  change  in  the  state  of  electrical  tension! 
(negative  variation). — Rigor  mortis  probably  results,  as  already  stated, 
from  the  coagulation  of  the  fibrinous  material  forming  the  substance 
of  muscle ;  and,  as  Dr.  Norris  has  observed,  it  cannot  be  regarded  as 
an  affection  of  its  vital  property  of  irritability.    According  to  Kanke* 
and  Hermann,  living  nmscle  absorbs  far  more  oxygen  than  dead ;  as  is  I 
shown  in  the  following  table  : — 

™  .  Excess  of  oxyqen  absorbed  by  living 

Temperature.  ovJdead  muscle. 

0°  _  2°  0   24-73  vol.  per  cent. 

7°—  9°C  14-72     „  „ 

15°  —  20°  C.  (Hermann's  Experiment)  3-61  „  „ 
45°  —  55°  C  2-01     „  „ 

The  absorption  here  indicated  is  clearly  of  a  physiological  nature,  since 
it  steadily  diminishes  with  increasing  elevation  of  temperature  which 
hastens  the  death  of  the  muscle,  and  would  prove  favourable  to  any 
purely  chemical  changes. 

685.  It  was  formerly  customary  to  divide  the  Muscles  into  two  groups, 
termed  the   "voluntary,"   and  "involuntary,"  corresponding  to  the 
"  striated"  and  "  non-striated"  tissue  respectively,  but  there  are  various 
circumstances  which  show  that  this  system  of  classification  cannot  De 
consistently  maintained.    It  is  quite  true  that  aU  the  Muscles  of  Organi 
Life  may  be  truly  styled  '  involuntary  ;'  for  although  they  axe  fVa™e° 
being  influenced  by  emotional  and  ideational  states  of  mind,  ve 
Will  cannot  exert  any  direct  influence  upon  them,  only _affoctmg  e 
indirectly  by  its  power  of  determining  these  states.    But  oyer  ^ 
Muscles,  also  ministering  to  the  organic  functions,  and  doing 

*  "  Die  Lebensbedingungen  dcr  Nerven,"  1868,  p.  33. 
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obedience  to  impulses  purely  automatic,  which  are  called  into  action  by 
the  Cranio-Spinal  nerves,  the  Will,  as  we  have  seen,  exerts  some  power  ; 
and  such,  therefore,  cannot  be  properly  regarded  as  involuntary,  since 
the  "Will  can  influence  their  state ;  whilst  they  are  far  from  being  truly 
voluntary,  since  the  Will  cannot  control  their  tendency  to  automatic 
action  beyond  a  certain  limited  amount  (§  296).  On  the  other  hand, 
every  one  of  the  Muscles  usually  styled  voluntary,  because  ordinarily 
called  into  action  by  the  Will,  is  liable  to  be  thrown  into  action  involun- 
tarily ;  either  by  an  Excito-motor  stimulus,  as  in  tetanic  convulsions,  or 
by  Consensual  action,  as  in  tickling,  or  Emotionally,  as  in  laughter  or 
rage,  or  simply  Ideationally,  as  in  somnambulism  and  analogous  states. 
Hence  although  there  are  certain  groups  of  muscles  which  are  more  fre- 
quently acted-on  by  the  Will  than  by  any  other  impulse,  and  certain 
others  which  are  more  frequently  played-on  by  the  Emotions,  and  so  on, 
it  becomes  obvious  that  every  muscle  called  into  contraction  by  the 
Cranio-Spinal  nervous  system,  is  capable  of  receiving  its  stimulus  to 
movement  from  any  of  these  sources  ;  the  nerve-force  transmitted  along 
the  motor-fibres,  being  issued  either  from  the  Spinal  Cord,  from  the 
Sensory  Ganglia,  or  from  the  Cerebrum,  as  the  case  may  be,  but  being 
in  its  nature  and  effects  the  same  in  every  instance. 

686.  The  grouping  or  combination  of  Muscular  actions,  which  takes 
place  in  almost  every  movement  of  one  part  of  the  body  upon  another, 
must  be  attributed,  not  to  any  peculiar  sympathy  among  the  Muscles 
:  themselves,  but  to  the  mode  in  which  they  are  acted-on  by  the  Nervous 
i  Centres.    This  is  most  obviously  the  case  with  regard  to  those  of  the 
:  primarily-automatic  class ;  but  it  can  scarcely  be  doubtful  as  to  those  of 
:the  secondarily-automatic  kind  (§  512),  such  as  walking,  which,  though 
it  first  directed  by  the  Will,  come  by  habit  to  be  performed  under  con- 
ditions essentially  the  same  with  the  preceding ;  and  when  it  is  borne 
m  mind  that  even  in  voluntary  movements  the  Will  cannot  single-out 
my  one  muscle  from  the  group  with  which  it  usually  co-operates,  so  as 
x>  throw  this  into  separate  contraction,  but  is  limited  to  determining 
he  result  (§  542),  it  seems  pretty  obvious  that  even  here  the  grouping 
I  s  effected  by  the  endowments  of  those  Automatic  centres  from  which  all 
he  motor  impulses  immediately  proceed  to  the  muscles,  and  not  by 
cerebral  agency.    In  fact,  the  whole  process  by  which  we  acquire  the 
I  5ower  of  adapting  our  muscular  actions  to  the  performance  of  some  new 
I'  and  of  movement, — as  in  the  case  of  an  infant  learning  to  walk,  a  child 
Y  earning  to  write,  an  artizan  learning  some  occupation  which  requires 
r  uce  manipulation,  a  musical  performer  learning  a  new  instrument,  and 
o  on, — is  found,  when  attentively  studied,  to  indicate  that  the  Will  is 
ar  from  having  that  direct  and  immediate  control  over  the  contractions 
|  f  the  Muscles,  which  it  is  commonly  reputed  to  possess ;  and  that  the 
I  peration  really  consists  in  the  gradual  establishment  of  a  new  grouping 
I  1  the  separate  actions,  in  virtue  of  which,  the  stimulus  of  a  Volitional 
I  etermination,  acting  under  the  guidance  of  the  muscular  sensations 
|  §  538),  henceforth  calls  into  contraction  the  group  of  muscles  whose 
gency  is  competent  to  carry  that  determination  into  effect.    For  how- 
|  ver  amenable  any  set  of  muscles  (as  those  of  the  arm  and  hand)  may 
ave  become  to  the  direction  of  the  Will,  in  any  operations  which  they 
I  ave  been  previously  accustomed  to  perform,  it  is  only  after  consi- 
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derable  practice  that  they  can  be  trained  to  any  method  of  combined 
action  which  is  entirely  new  to  them ;  and  even  if  we  attempt  to  bring 
our  anatomical  knowledge  into  use  for  such  a  purpose,  by  mentally 
fixing  upon  certain  muscles  whose  action  we  wish  to  intensify  and  to 
associate  with  those  of  others,  we  find  that  such  a  method  of  proceeding 
affords  no  assistance  whatever,  but  rather  tends  to  impede  our  progress, 
by  drawing-off   the  attention  from  the  '  guiding  sensations'  (visual, 
muscular,  &c),  which  are  the  only  regulators  that  can  be  depeuded- 
upon  for  determining  the  due  performance  of  the  volitional  mandate. — 
Hence  we  are  led  by  these  considerations,  as  by  those  stated  in  the  pre- 
ceding paragraph,  to  the  conclusion,  that  the  agency  which  directly 
affects  the  muscles  is  of  the  same  kind,  and  that  it  operates  under  the 
same  instrumental  conditions,  whatever  be  the  primal  source  of  the 
motor  power.    And  in  watching  the  gradual  acquirement  of  the  capacity 
for  different  kinds  of  movement,  during  the  periods  of  Infancy  and 
Childhood  in  the  Human  subject,  we  find  everything  to  confirm  this 
conclusion.    For  it  becomes  obvious  that  the  acquirement  of  Voluntary 
power  over  the  movements  of  the  limbs;  is  just  as  gradual  as  it  is  over 
the  direction  of  the  thoughts ;  all  the  activity  of  the  body,  as  well  as  of 
the  mind,  being  in  the  first  instance  automatic ;  and  the  Will  pro- 
gressively extending  its  domination  over  the  former,  as  over  the  latter, 
until  it  brings  under  its  control  all  those  muscular  movements  which 
are  not  immediately  required  for  the  conservation  of  the  body,  and 
turns  them  to  its  own  uses.* 


2.  Of  the  Symmetry  and  Harmony  of  Muscidar  Movements. 

687.  It  might  have  been  not  unreasonably  supposed,  a  priori,  that 
those  muscles  would  have  been  most  readily  put  into  simultaneous  con- 
traction which  correspond  to  each  other  on  the  two  sides  of  the  body  ;  m 
other  words,  that  symmetrical  movements  would  be  those  most  readily 
performed.  Such,  however,  is  by  no  means  the  case  ;  for  in  many  of  our 
most  familiar  actions  we  consentaneously  exert  different  muscles  on  the 
two  sides  of  the  body.  This  is  nowhere  more  clearly  shown  than  in  the 
various  movements  that  are  required  for  the  performance  of  the  different 
acts  of  locomotion,  and  which  may  here  be  briefly  noticed.  In  order  to 
maintain  the  body  in  the  erect  posture,  simple  as  the  effort  appears,  the 
concurrent  action  of  many  muscles  is  required,  as  is  clearly  shown  not 

*  The  aptitude  which  is  acquired  by  practice,  for  the  performance  of  certain  actions 
that  were  at  first  accomplished  with  difficulty,  seems  to  result  as  much  from  a  struc- 
tural change  which  the  continual  repetition  of  them  occasions  in  the  Muscle,  asin 
habit  which  the  Nervous  system  acquires  of  exciting  the  movement.  Ihusw . 
every  person  learning  to  play  on  a  musical  instrument,  finds  a  difficulty  men raw  fc  . 
two  shorter  fingers  to  move  independently  of  each  other  and  of  the  rest ;  tins  v 
cularly  the  case  in  regard  to  the  ring-finger.    Any  one  may  satisfy  fter 
difficulty,  by  laying  the  palm  of  the  hand  flat  on  a  table,  and  raising  one  ft nge 
the  other,  when  it  will  be  found  that  the  ring-finger  can  scarcely  be  lifted  tion 
turbine  the  rest.-evidently  from  the  difficulty  of  detaching  the  action  ot  tnep^  &&{ 
of  the  extensor  communis  digitorvm,  by  which  the  movement  is i  prom  ce       ^  ^ 
of  the  remainder  of  the  muscle.    Yet  to  the  practised  musician,  the  c°ni'"\ted  that 
Will  over  all  the  fingers  becomes  nearly  alike;  and  it  can  scarcely  00  u  fibniS, 
some  change  in  the  structure  of  the  muscle,  or  a  new  development  ot  its 
takes  place,  which  favours  the  isolated  operation  ol  its  several  divisions. 
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>nly  by  the  numerous  and  futile  trials  made  by  children  before  the  power 
if  balancing  is  acquired,  but  by  the  impossibility  of  placing  a  dead  body 
n  this  position  without  support.    In  standing,  the  legs  are  more  or  less 
'xtended ;  and  the  Aveight  of  the  trunk  is  transmitted  through  the  femora 
md  the  tibiae  and  fibulae  to  the  astragali.    These,  with  the  other  tarsal 
aid  metatarsal  bones,  form  an  elastic  arch  on  either  side,  which,  whilst 
Uowing  the  great  superincumbent  pressure  to  be  borne  with  ease,  enables 
ach  foot  to  accommodate  itself  to  irregularities  of  the  surface  of  the 
round,  and  at  the  same  time  breaks  the  shock  or  jar  which  would  other- 
wise be  experienced  in  the  various  movements  of  walking,  running,  or 
raping.    The  centre  of  gravity  of  the  whole  body  lies,  according  to 
Veber,  in  the  promontory  of  the  sacrum  ;  but,  according  to  Meyer,  in  the 
anal  of  the  second  sacral  vertebra.    As  long  as  a  perpendicular  line 
rawn  from  this  point  to  the  earth  drops  within  the  basis  formed  by  the 
et,  the  erect  posture  can  be  maintained  with  comparative  ease  ;  if  it 
rap  outside  that  basis,  the  subject  must  inevitably  fall.    The  chief 
.uscles  called  into  play  in  the  standing  position  are  those  which  keep  the 
tead  vertical  on  the  spinal  column,  as  the  recti,  obliqui,  sterno-mastoids, 
lolenii,  complexus,  &c,  the  extensors  of  the  spine,  as  the  erectores  spina? 
[iid  their  prolongations,  and  the  extensors  of  the  thigh  and  leg ;  but  the 
I  >posite  muscles  tin.1,  9.S  <i  sailor  would  express  it,  '  taut'  and  ready  to 
bntract  instantaneously  and  unconsciously  on  the  slightest  indication  of 
j-ss  of  equilibrium. 

y  688.  Walking. — In  this  movement  the  body,  supported  in  a  nearly 
|r  Ttical  position,  alternately  rests  on  the  right  and  left  leg ;  the  limb 
pon  which  it  does  not  rest  swinging  forward,  like  a  pendulum,  in  a 
haiarkably  regular  manner,  just  sufficiently  bent  to  avoid  contact  with 
I  3  ground.  The  inclination  of  the  trunk  of  the  body  from  the  perpen- 
•  rular,  which  is  very  slight  in  slow  walking,  always  increases  with  the 
liDidity  of  the  step.  If  we  examine  the  successive  movements  which 
I  w  in  making  two  steps,  it  will  be  found  that  if  the  subject  be  standing 
';  raly  with  the  left  leg  in  advance,  the  first  act  consists  in  raising  the  heel 

I  the  right  foot,  which  is  accomplished  by  the  gastrocnemius  and  soleus 
l-xscles;  and  the  weight  of  the  whole  body  thus  raised  is  by  the  simul- 
i  leous  contraction  of  the  psoas  and  iliacus  muscles  of  the  left  leg  thrown 
pr  to  the  left  side,  resting  for  an  instant  upon  the  left  foot.  At  this 
J  nod  all  the  extensors  of  the  left  leg,  the  glutsei,  the  quadriceps  extensor 

ioris,  the  tibialis  anticus,  &c,  are  powerfully  contracted.    The  right 

I I  the  toe  of  which  is  the  last  part  which  touches  the  ground,  now 
ings  forward,  the  knee  and  hip  joints  being  just  sufficiently  bent  to 

|  able  the  foot  to  clear  accidental  irregularities  of  the  surface.  Lastly, 
'   right  heel  is  planted  on  the  ground  in  front,  and  is  immediately  fol- 
I  red  by  the  whole  surface  of  the  foot ;  but  coincidentally  with  this  occur 
i  elevation  of  the  left  heel  and  the  throwing  over  of  the  weight  of  the 
I:  tik  to  the  right  side,  which  is  followed  by  the  swinging  forward  and 
|  >lantation  of  the  left  foot,  and  so  on  alternately.  The  weight  of  the  legs 
•he  act  of  swinging  forward  has  been  shown  by  Weber  to  be  materially 
I  llnished  by  the  pressure  exerted  by  the  atmosphere  in  retaining  the 
I  d  of  the  femur  in  the  acetabulum.    The  ordinary  rate  of  movement 
I  piking  for  each  person  is  to  an  important  extent  regulated  by  the  length 
I  'ie  leg>  and  the  consequent  duration  of  its  pendulum-like  oscillation. 
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Various  compensatory  movements  in  walking  occur  in  order  to  maintain 
the  equipoise  of  the  body ;  amongst  the  most  important  of  these  are  the 
movements  of  the  arms,  for  whilst  the  right  leg  is  swinging  forwards,  the 
twisting  of  the  trunk  which  occurs  at  this  period  would  bring  the  right 
shoulder  forwards,  but  the  right  arm  at  this  moment  swings  backwards 
and  the  left  forwards,  and  by  thus  generating  a  force  in  the  opposite 
direction  neutralizes  this  tendency.     A  corresponding  compensation 
takes  place  when  the  left  leg  swings  forward,  and  this  is  effected  by  a 
good  walker  without  any  sensible  lateral  twisting  of  the  trunk.*   At  the 
moment  that  the  foremost  foot  is  implanted  on  the  ground,  the  body  sinks  a 
little,  but  rises  again  when  the  impulse  is  given  by  the  opposite  foot  leaving 
the  ground.  The  extent  of  this  undulatory  movement  is  very  small,  not 
exceeding  1^  inch.  The  number  of  steps  in  a  given  time,  or  the  pace  o 
walking,  is  partly  dependent  upon  the  length  of  the  legs,  and  partly  upon 
direct  muscular  effort :  the  longer  the  leg,  the  slower  will  be  the  oscil- 
lation ;  but  by  planting  the  foot  on  the  ground  when  it  has  only  passed 
through  one-half  of  its  natural  oscillation,  the  succession  of  steps,  and 
consequently  the  rapidity  of  progress,  can  be  materially  increased,  withou 
much  effort.    In  very  quick  walking  almost  every  muscle  in  the  body  is 
brought  into  play  ;  the  trunk  is  considerably  inclined  forwards,  partly  for 
the  purpose  of  resisting  and  compensating  for  atmospheric  pressure,  but 
chiefly  to  enable  the  hip-joints  to  be  carried  low,  thus  increasing  the 
extent  of  ground  which  can  be  covered  by  each  step,  whilst  at  the  same  turn 
the  number  of  steps  is  greatly  increased  by  muscular  effort ;  the  perioi 
(luring  which  both  feet  are  resting  on  the  ground  together  being  con 
siderably  shortened.    In  an  experiment  made  by  Mr.  Vasey,  the  lengtl 
of  whose  leg  was  thirty-four  inches,  in  walking  at  the  rate  of  four  mile; 
an  hour,  2009  steps  were  made  every  fifteen  minutes  ;  the  length  of  eac1 
step  must  therefore  have  been  2*64  feet,  and  the  time  of  each  step  04 
second. — Quick  walking  passes  by  insensible  gradations  into  running,  th 
period  in  which  the  body  rests  upon  both  feet  becoming  shorter  am 
shorter,  until  at  length  there  is  a  period  between  successive  steps,  durin 
which  the  body  moves  forward  unsupported  by  either  foot.  Accordin 
to  Weber,  the  vertical  undulations  of  the  trunk  in  running  vary  fror 
3-4ths  to  4-5thsof  an  inch,  the  duration  of  the  step  from  1 -4th  to  l-5t 
of  a  second,  of  which  time  the  body  swings  unsupported  in  the  air  l-10ti 
of  a  second,  the  time  of  descent  being  l-15th  of  a  second.—In  kapnijj 
the  extensor  muscles  are  brought  into  extremely  vigorous  action,  and  tin 
act  may  be  accomplished  either  by  the  alternative  or  the  simultaneous 
action  of  the  legs,  as  seen  in  the  "  hop,  step,  and  jump"  of  children,  lai 
essential  difference  in  leaping  and  running  is,  that  in  leaping  the  body  u 
raised  so  high  from  the  ground,  and  for  so  long  a  period,  that  the  leg  oi 
legs  have  time  to  complete  their  full  arc  of  oscillation,  and  consequent  j| 
cover  the  utmost  space  of  ground  possible.    The  extent  of  the  leap 
of  course  dependent  upon  the  muscular  energy  of  the  individua  •] 
689.  Now  it  is  plain  that  the  grouping  of  the  muscular  movemen 

♦  See  Bishop  in  "Cyclop,  of  Anat.  and  Phys.,"  vol.  m.  P-  460.  ^  _ 
t  The  subject  of  the  locomotion  of  Man  has  been  particularly  mvesufe .  '  • 
Profrs.  Weber,  whose  work  entitled  «  Median ik  der ^ensohhdb l  «J»  .  . 
(Gottingcn,  1836)  has  been  translated  in  Jourdan  s  « ^^7^'^ 
torn,  ii  See  also  the  Art.  'Motion'  by  Mr.  J.  Bishop,  in  Cjclop.  ot 
Physiol.,"  vol.  iii. 
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these  different  instances  arises  out  of  its  felt  conformity  to  the  end  in 
view,  and  that  it  is  regulated  by  the  guiding  sensations  which  indicate 
to  us  the  progression  and  balance  of  the  body.    The  infant,  in  learning 
to  walk,  is  prompted  by  an  instinctive  tendency  to  put  one  foot  before 
die  other,  as  maybe  noticed  at  a  very  early  period,  when  it  is  first  held 
so  as  to  feel  the  ground  with  its  feet ;  and  in  attempting  to  balance  itself 
when  first  left  to  stand  alone,  it  moves  its  arms  with  a  like  intuitive 
impulse,  not  based  upon  experience.    All  that  experience  does,  in 
either  case,  is  to  give  that  precise  adjustment  to  the  muscular  action, 
which  makes  it  perfectly  conformable  to  the  indications  afforded  by  the 
muscular  sensations.    Thus,  if  we  advance  each  arm  with  its  cor- 
responding leg,  we  feel  that  the  balance  of  the  body  is  not  nearly  as 
readily  maintained,  as  it  is  when  we  advance  the  arm  with  the  leg  of  the 
opposite  side ;  and  thus,  without  any  design  or  voluntary  determination 
on  our  parts,  the  former  comes  to  be  our  settled  habit  of  action.  This 
kind  of  adjustment,  in  the  case  before  us,  is  by  no  means  limited  to  the 
muscles  of  the  limbs ;'  for  there  is  scarcely  any  muscle  of  the  trunk  or 
head,  that  is  not  exerted  with  some  degree  of  consentaneous  energy, 
however  unconsciously  to  ourselves,  in  the  act  of  walking.    The  diffi- 
culty which  would  attend  the  voluntary  harmonization  of  all  these 
separate  actions,  is  remarkably  evinced  by  the  fact,  that  no  mechanist, 
however  ingenious,  has  ever  succeeded  in  constructing  an  automaton 
diat  should  ivalk  like  Man;  the  alternate  shifting  of  the  centre  of 
gravity  from  one  side  to  the  other,  upon  so  small  a  base  as  the  human 
'oot  affords,  simultaneously  with  the  movement  in  advance,  constituting 
:  -he  great  difficulty  of  biped  progression.    But  all  this  adjustment  is 
effected  in  our  own  organism  for  us,  rather  than  by  us;  the  act  of  har- 
monization, when  once  fully  mastered,  being  attended  with  no  effort  to 
Durselves ;  but  the  whole  series  of  complex  movements  being  performed 
|  n  obedience  to  the  simple  determination  to  walk,  under  the  automatic 
guidance  of  the  senses,  which  instantly  reveal  to  us  any  imperfection  in 
lie  performance. — The  same  view  extends  itself  readily  to  other  combi- 
lutions  of  dissimilar  and  non- symmetrical  movements,  which  are  less 
lateral  to  Man,  but  which  may  be  readily  acquired  artificially  if  they 
11  harmonize  in  a  common  purpose,  and  are  under  the  guidance  of  the 
ame  set  of  sensations.    Thus,  the  performer  on  the  Organ  uses  the 
|  everal  fingers  of  his  two  hands  to  execute  as  many  different  movements 
I  n  very  different  positions,  it  may  be)  on  the  '  manual'  keys  :  one  of  his 
I  set  may  be  on  the  '  swell'  pedal,  and  the  other  may  be  engaged  in  play- 
tig  on  the  'pedal'  keys;  but  all  these  diverse  actions  are  harmonized  by 
I  leir  relation  to  the  same  set  of  auditory  sensations  ;  and  if  the  result  be 
1 5t  that  which  the  performer  anticipated,  an  immediate  correction  is 
1  ade. 

C90.  It  would  be  easy  to  multiply  instances  of  the  same  kind,  all  illus- 
|  ative  of  the  general  principle,  that  the  facility  with  which  we  volun- 
I  rily  combine  different  movements  is  chiefly  determined,  not  by  their 
|  mmetrical  character,  but  by  their  conformableness  to  a  common  end,  and 
| '  the  harmony  of  their  guiding  sensations  with  reference  to  that  end  ;*  but 
|  will  be  desirable  to  dwell  particularly  on  the  Movements  of  the  Eye, 

I  *  Two  simple  examples,  however,  may  be  cited,  of  the  difficulty  which  attends  tho 
f  ""tancous  performance  of  movements  that  are  not  harmonious.    If  we  attempt  to 
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as  presenting  certain  points  of  peculiar  interest,  some  of  which  have  an 
important  bearing  on  Surgical  practice. — It  will  be  recollected  that  in 
the  Human  Orbit,  six  muscles  for  the  movements  of  the  eyeball  are 
found ;  the  four  Recti,  and  the  two  Oblique  muscles.  The  precise 
actions  of  these  are  not  easily  established  by  experiment  on  the  lower 
animals ;  for  in  all  those  which  ordinarily  maintain  the  horizontal  posi- 
tion, there  is  an  additional  muscle,  termed  the  retractor,  which  embraces 
the  whole  posterior  portion  of  the  globe,  and  passes-backwards  to  be 
attached  to  the  bottom  of  the  orbit.*  If  the  origin  and  insertion  of  the 
four  Recti  muscles  be  examined,  however,  no  doubt  can  remain  that 
each  of  them,  acting  singly,  is  capable  of  causing  the  globe  to  revolve 
in  its  own  direction, — the  superior  rectus  causing  the  pupil  to  turn 
upwards, — the  internal  rectus  causing  it  to  roll  towards  the  nose, — 
and  so  on.  A  very  easy  and  direct  application  of  the  laws  of  me- 
chanics will  further  make  it  evident  to  lis,  that  the  combined  action 
of  any  two  of  the  Recti  muscles  must  cause  the  pupil  to  turn  in  a  direc- 
tion intermediate  between  the  lines  of  their  single  action ;  and  that  any 
intermediate  position  may  thus  be  given  to  the  eyeball  by  these  muscles 
alone.  In  two  directions,  however,  their  combined  action  is  supple- 
mented by  the  oblique  muscles.  The  superior  oblique  rotates  the  eye 
downwards  and  outwards ;  the  inferior  oblique  upwards  and  outwards. 
Another  important  operation  of  the  oblique  muscles  is  to  maintain  the 
parallelism  of  the  vertical  meridians  of  the  two  eyes  in  certain  move- 
ments, for  it  is  found  that  whilst  the  external  and  internal  recti  merely 
turn  the  eyes  outwards  and  inwards,  without  deflecting  the  vertical 
meridian,  the  superior  and  inferior  recti,  in  consequence  of  the  obli- 
quity of  their  muscle  planes,  not  only  rotate  the  eye  respectively 
upwards  and  downwards,  but  deflect  the  upper  extremity  of  the  vertical  p 
meridian,  the  former  inwards,  the  latter  outwards.  But  the  oblique 
muscles  also  deflect  the  vertical  meridian,  the  superior  turning  the 
upper  extremity  of  the  vertical  meridian  inwards,  the  inferior  outwards,  | 
and  therefore  by  co-operating  with  the  recti,  are  able  to  preserve  the 

elevate  one  eyelid  whilst  we  are  depressing  the  other,  we  find  that  a  considerable  effort 
is  required  to  accomplish  the  action,  although  the  elevation  or  depressing  of  both  eye- 1 
lids  together  is  performed  with  so  little  effort  that  we  are  scarcely  conscious  of  it ;  I 
and  the  difficulty  is  increased  if  we  half-shut  both  eyes,  and  then  try  to  close  one  and 
to  open  the  other.    So  if  we  try  to  move  our  two  hands  as  if  they  were  simidtammmy 1 
winding  cord  in  opposite  directions  upon  two  reels  placed  in  front  of  us,  we  shall  tin  I 
ourselves  unable  to  do  so  without  a  constant  exercise  of  the  attention,  and  even  then 
but  slowly  and  with  difficulty  ;  although  the  very  same  movements  may  be  scPa™te'll  \ 
performed,  or  both  hands  may  bo  made  thus  to  move  in  the  same  direction,  witn  tn  | 
greatest  facility.  .      .  .  „i.n]. 

nP1.:„  ™«Df  floTTnlfirmrl  i"r>  "Rumi'tin+i'iirr  on.mnlc    wlllfll.  CUll'l  llST  t  1 1 01 1  ^  I11  11 


the  former,  without  completely  separating  the  eye  from  its  i attachment s,  we 
means  of  correcting  such  results,  but  by  reasoning  alone.    ,^Penmf£SS  ns 
of  the  order  Quadrumana,  most  nearly  allied  to  Man,  would  be  most  eatistactorj  , 
in  them,  the  retractor  muscle  is  almost  or  entirely  absent. 
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parallelism  of  the  vertical  meridians  of  the  two  eyes,  as  shown  in  the 

following  table : — 

Movement  Is  effected  by  the 

Upwards  Superior  rectus,  aided  by  the  inferior  oblique. 

Downwards  Inferior  rectus,  aided  by  the  superior  oblique. 

Inwards  Internal  rectus. 

Outwards  External  rectus. 

TT  ,  ,  .  ,  (  Superior  and  internal  recti  muscles,  aided  by  the  inferior 
Upwards  and  inwards  .    .  j  obiique 

TT       ,       ,  ,       (  Superior  and  external  recti  muscles,  aided  by  the  inferior 

Upwards  and  outwards   .  j  oblique 

,i  j      j  •       j     \  Inferior  and  internal  recti  muscles,  aided  by  the  superior 

Downwards  and  inwards  .  j  .  0j,iiqUe 

Downwards  and  outwards    Inferior  and  external  recti,  aided  by  the  superior  oblique. 

691.  On  studying  the  Voluntary  movements  of  the  Eyeballs  we  are 
led  to  perceive  that  they  are  not  so  much  symmetrical  as  harmonious — 
that  is  to  say,  the  corresponding  muscles  on  the  two  sides  are  rarely  in 
action  at  once  ;  whilst  such  a  harmony  or  consent  exists  between  the 
actions  of  the  muscles  of  the  two  orbits,  that  they  work  to  one  common 
purpose,  namely — the  direction  of  both  eyes  towards  the  required  object. 
They  may  be  arranged  under  two  groups ;  the  first  comprising  those 
which  are  alike  harmonious  and  symmetrical ;  the  second  including 
those  which  are  harmonious  but  not  symmetrical.  To  the  first  group 
belong  the  following  :— r-1.  Both  eyeballs  are  elevatedby  the  contraction  of 
the  two  Superior  Recti. — 2.  Both  eyeballs  are  depressed,  by  the  conjoint 
action  of  the  Inferior  Recti  muscles. — 3.  Both  are  drawn  directly  inwards, 
or  inwards  and  downwards,  as  when  we  look  at  an  object  placed  on  or 
near  the  nose  ;  this  movement  is  effected  by  the  action  of  the  Internal 
Kecti  of  the  two  sides,  with  or  without  the  Inferior  Recti.  It  is  evidently 
symmetrical,  but  might  seem  at  first  sight  not  to  be  harmonious,  because 
the  eyes  do  not  move  together  towards  one  side  or  the  other  ;  it  is,  how- 
ever really  harmonious,  since  it  directs  their  axes  towards  the  same 
point.* — Now  it  is  to  be  observed,  with  regard  to  these  movements,  that 
we  can  never  effect  them  in  antagonism  with  each  other,  or  with  those 
of  other  muscles.  We  cannot,  for  example,  raise  one  eye  and  depress 
the  other ;  nor  can  we  raise  or  depress  one  eye,  when  we  adduct  or 
abduct  the  other.  The  explanation  of  this  will  be  found  in  the  fact, 
that  we  can  never,  by  so  doing,  direct  the  eyes  to  the  same  point. — The 
harmonious  but  unsymmetrical  movements,  forming  the  second  class, 
are  those  in  which  the  Internal  and  External  Recti  of  the  two  sides  are 
ide  to  act  together,  either  alone,  or  in  conjunction  with  the  Superior 
*nd  Inferior  Recti.  They  are  as  follows: — 4.  One  eye  is  made  to 
revolve  directly  inwards,  by  the  action  of  its  Internal  Rectus,  whilst  the 
tfher  is  turned  outwards  by  the  action  of  its  External  Rectus. — 5.  One 

Some  persons  can  effect  this  voluntarily  to  a  greater  extent  than  others ;  but  even 
hen,  they  can  only  accomplish  it  by  fixing  the  gaze  upon  Borne  object  sijuated  between 
"e  eyes ;  and  cannot  call  the  adductor  muscles  into  combined  action  in  perfect  dark- 
ess,  or  if  the  lids  be  closed.  .•  Even  those  who  have  the  least  power  of  effecting  this 
xtreme  convergence  by  at  once  directing  the  eyes  towards  a  very  near  object,  can 
ccomplish  jt  by  looking  at  an  object  placed  at  a  moderate  distance,  and  gradually 
ringing  this  nearer  to  the  nose,  keeping  the  eyes  steadily  fixed  upon  it.  The  unwonted 
I  actcr  °f  the  movement  is  shown  in  this,— that  it  can  only  be  maintained,  even  for 
sliort  time,  by  a  strong  effort,  producing  a  sense  of  fatigue 
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eye  is  made  to  revolve  upwards  and  inwards,  by  the  conjoint  action  of 
the  Superior  and  Internal  Eecti ;  the  other  upwards  and  outwards,  by 
the  conjoint  action  of  the  Superior  and  External  Recti. — 6.  One  eye 
is  made  to  revolve  doionwards  and  inwards,  by  the  conjoint  action  of 
the  Inferior  and  Internal  Recti ;  the  other,  doionwards  and  outwards,  by 
the  conjoint  action  of  the  Inferior  and  External  Recti. — In  these  move- 
ments, two  different  muscles,  the  External  and  Internal  Recti,  are  called 
into  action  on  the  two  sides,  with  or  without  the  superior  and  inferior 
Recti ;  but  they  are  so  employed  for  the  purpose  of  directing  the  axes 
of  the  eyes  towards  the  same  point ;  and  although,  as  just  noticed,  we 
can  put  the  two  Internal  Recti  in  action  together,  we  cannot  voluntarily 
cause  the  two  External  Recti  to  contract  together,  it  not  being  possible 
that  any  object  should  be  in  such  a  position  as  to  require  this  action 
for  the  direction  of  the  axes  of  the  eyes  towards  it. 

692.  The  greater  number  of  the  foregoing  movements  may  be  per- 
formed unconsciously  to  ourselves,  in  obedience  to  a  Voluntary  deter- 
mination to  keep  the  direction  of  the  eyes  fixed,  instead  of  to  give  motion 
to  the  eyeballs.  Thus,  if  we  gaze  steadily  at  an  object  in  front  of  us, 
and  then  depress  the  head  forwards  on  its  transverse  axis,  the  eyeballs 
roll  upwards  upon  their  transverse  axes(l)  by  the  action  of  the  Superior 
Recti,  without  our  being  aware  of  it ;  so  if,  whilst  still  maintaining  the 
same  fixed  gaze,  we  raise  the  head  into  the  vertical  position  and  then 
depress  it  backwards,  the  eyeballs  are  rolled  downwards  (2)  by  the  action 
of  the  Inferior  Recti ;  if,  under  the  same  conditions,  the  head  be  made  to 
rotate  on  its  vertical  axis  from  side  to  side,  the  eyeballs  will  be  made  to 
roll  on  their  vertical  axes  in  the  contrary  directions  by  the  External  and 
Internal  Recti  (4)  of  the  two  sides  respectively  ;  so,  by  causing  the  head 
to  move  obliquely  in  the  opposite  directions,  the  reverse  oblique  move- 
ments (5  and  6)  of  the  eyeballs  are  made  to  take-place  by  the  continued 
fixation  of  the  vision  upon  the  same  object.  To  these  we  have  to  add 
one  more  action,  which  cannot  be  called-forth  in  any  other  mode — 
namely,  that  rotation  of  the  two  eyes  upon  their  antero-posterior  axes, 
which  takes-place  probably  by  the  instrumentality  of  the  Oblique  muscles, 
when  we  incline  the  head  to  one  side  or  the  other  by  rotating  it  upon 
its  antero-posterior  axis.  In  all  these  movements,  as  in  the  pre- 
ceding, the  Will  directs  the  result ;  and  there  is  no  other  difference 
between  them,  than  that  which  arises  out  of  our  consciousness  of  a 
change  in  the  one  case,  and  our  unconsciousness  in  the  other.  It  may 
here  be  remarked  that  Prof.  Helmholtz*  has  recently  adopted  the  same 
view  as  that  just  expressed  in  regard  to  the  nature  of  the  volitional 
direction  and  the  influence  of  the  guiding  sensations ;  in  corroboration  o 
which  he  further  mentions  the  important  fact  ascertained  by  Donders  and 
himself,  that  by  the  use  of  a  prism  before  one  eye,  both  eyes  may  be  made 
to  move  outwards,  or  one  up  and  the  other  down, — still  under  the  sam 
fundamental  law.— The  truly  involuntary  movements  of  the  eyebar s, 
however,  are  performed  under  very  different  conditions ;  there  being  n 
no  purposive  direction  or  fixation  of  the  gaze ;  and  the  muscular1]T^thj 
tions  not  being  determined  by  visual  sensations,  but  being  caliea- 

*  In  his  Croonian  Lecture,  "  Proceedings  of  the  Royal  Society,"  April  14,  1864, 
p.  193. 
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by  nerve-force  excited  in  some  remote  part.  Of  this  we  have  an  example 
in  the  normal  revolution  of  both  eyes  upwards  and  inwards,  which  takes 
place  in  the  acts  of  coughing,  sneezing,  winking,  &c.  ;  but  far  more 
remarkable  illustrations  are  presented  in  those  abnormal  movements  of 
the  eyeballs,  occurring  in  Convulsive  diseases,  in  which  there  is  neither 
harmony  nor  symmetry. 

693.  It  has  been  stated  to  be  a  condition  of  single  and  distinct  vision, 
that  the  usual  axes  of  the  eyes  should  be  directed  towards  the  object,  in 
order  that  its  picture  should  be  thrown  upon  the  parts  of  the  two  retinas 
which  are  accustomed  to  act  together  (§  626)  ;  but  as  this  cannot  take- 
place  without  the  guidance  of  visual  sensations,  the  movements  of  the 
eyeballs  are  wanting  in  harmony  whenever  the  visual  power  has  been 
deficient  from  birth.     This  is  most  remarkably  the  case,  where  the 
deficiency  has  been  so  complete  that  not  even  light  can  be  distinguished ; 
but  the  movements  are  frequently  very  far  from  being  harmonious,  in 
:ases  of  congenital  cataract,  where  a  considerable  amount  of  light  is 
evidently  admitted,  but  where  no  distinct  image  can  be  formed ;  and  in 
such  cases,  the  movements  are  most  harmonious  where  the  object  is 
Dright  or  luminous,  and  more  vivid  impressions  are  therefore  made  upon 
;he  retina?.    It  is  no  objection  to  this  doctrine  to  say,  that  persons  who 
lave  become  blind  may  still  move  their  eyes  in  a  harmonious  manner  ; 
since,  the  habit  of  the  association  of  particular  movements  having  been 
>nce  acquired,  the  guidance  of  the  muscles  may  be  effected  by  sensations 
lerived  from  themselves,  in  the  manner  in  which  it  takes-place  in  the 
uyngeal  movements  of  the  deaf  and  dumb  (§  539)  ;  and,  as  a  matter  of 
act,  a  want  of  consent  may  often  be  observed  where  the  blindness  is 
otal.    The  peculiar  1  vacant'  appearance,  which  may  be  noticed  in  the 
••ountenances  of  persons  completely  deprived  of  sight  by  amaurotic  or 
ither  affections,  which  do  not  alter  the  external  aspect  of  the  eyes,  seems 
'  o  result  from  this, — that  their  axes  are  parallel,  as  if  the  individual 
vere  looking  into  distant  space,  instead  of  presenting  that  slight  con- 
'ergence  which  must  always  exist  between  them,  when  the  eyes  are 
ixed  upon  a  definite  object.    This  convergence,  which  is  of  course  regu- 
ated  by  the  Internal  Recti,  varies  in  degree  according  to  the  distance  of 
lie  object;  and  it  is  astonishing  how  minute  an  alteration  in  the  axes  of 
!  he  eyes  becomes  perceptible  to  a  person  observing  them.  For  instance, 
l  sees  the  eyes  of  B  directed  towards  his  face,  but  he  perceives  that  B  is 
ot  looking  at  him  ;  he  knows  this  by  a  sort  of  intuitive  interpretation 
i  1  the  fact,  that  his  face  is  not  the  point  of  convergence  of  B's  eyes.  But 
I  B,  who  might  have  been  previously  looking  at  something  nearer  or 
lore  remote  than  A's  face,  fix  his  gaze  upon  the  latter,  so  that  the 
egree  of  the  convergence  of  the  axes  is  altered,  without  the  general 
I  uection  of  the  eyes  being  in  the  least  affected,  the  change  is  at  once 
I perceived  by  the  person  so  regarded  ;  and  the  eyes  of  the  two  then  meet. 
I  -It  is  an  interesting  confirmation  of  the  principles  here  advocated,  that 
irhen  binocular  vision  cannot  be  obtained  by  directing  the  true  axes  of 
I le  eyes  towards  the  object,  as  happens  when  an  opaque  spot  exists  upon 
I  ie  centre  of  the  cornea,  or  an  artificial  pupil  has  been  formed  at  the 
iargin  of  the  iris,  there  is  an  automatic  tendency  to  the  neutralization  of 
I  ie  mischief,  by  such  an  action  of  the  muscles  as  shall  turn  the  virtual 
I  xi8  of  the  affected  eye  (that  is,  the  axis  in  which  the  rays  most  directly 
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enter  the  globe)  towards  the  object,  thus  producing  Strabismus,  but  not 
Double  Vision. 


3.  Energy  and  Rapidity  of  Muscular  Contraction. 

694.  The  energy  of  Muscular  contraction  is  of  course  to  be  most 
remarkably  observed,  in  those  instances  in  which  the  continual  exercise 
of  particular  parts  has  occasioned  an  increased  determination  of  blood 
towards  them,  and  in  consequence  a  permanent  increase  of  their  bulk 
(§  332,  in.).   This  has  been  the  case,  for  example,  with  persons  who  have 
gained  their  livelihood  by  exhibiting  feats  of  strength.    Much  will,  of 
course,  depend  on  the  mechanically-advantageous  application  of  muscular 
power ;  and  in  this  manner  effects  may  be  produced,  even  by  persons  of 
ordinary  strength,  which  would  not  have  been  thought  credible.  In 
lifting  a  heavy  weight  in  each  hand,  for  example,  a  person  who  keeps  his 
back  perfectly  rigid,  so  as  to  throw  the  pressure  vertically  upon  the  pelvis, 
and  only  uses  the  powerful  extensors  of  the  thigh  and  calf,  by  straightening 
the  knees  (previously  somewhat  flexed),  and  bringing  the  leg  to  a  right 
angle  with  the  foot,  will  have  a  great  advantage  over  one  who  uses  his 
lumbar  muscles  for  the  purpose.  A  still  greater  advantage  will  be  gained 
by  throwing  the  weight  more  directly  upon  the  loins,  by  means  of  a  sort 
of  girdle,  shaped  so  as  to  rest  upon  the  top  of  the  sacrum  and  the  ridges 
of  the  ilia ;  and  by  pressing  with  the  hand  upon  a  frame,  so  arranged  as 
to  bring  the  muscles  of  the  arms  to  the  assistance  of  those  of  the  legs  : 
in  this  manner,  a  single  Man  of  ordinary  strength  may  raise  a  weight  of 
2000  lbs. ;  whilst  few  who  are  unaccustomed  to  such  exertions,'  can  lift 
more  than  300  lbs.  in  the  ordinary  mode.    A  man  of  great  natural 
strength,  however,  has  been  known  to  lift  800 lbs.  with  his  hands;  and 
the  same  individual  performed  several  other  curious  feats  of  strength, 
which  seem  deserving  of  being  here  noticed.  "  1.  By  the  strength  of  his 
fingers,  he  rolled-up  a  very  large  and  strong  pewter  dish.    2.  He  broke 
several  short  and  strong  pieces  of  tobacco-pipe  with  the  force  of  bis 
middle- finger,  having  laid  them  on  the  first  and  third  finger.  3.  Having 
thrust-in  under  his  garter  the  bowl  of  a  strong  tobacco-pipe,  his  legs 
being  bent,  he  broke  it  to  pieces  by  the  tendons  of  his  hams,  without 
altering  the  bending  of  the  knee.     4.  He  broke  such  another  bowl 
between  his  first  and  second  fingers,  by  pressing  them  together  sideway. 
5.  He  lifted  a  table  six  feet  long,  which  had  half  a  hundred-weight 
hanging  at  the  end  of  it,  with  his  teeth,  and  held  it  in  that  position  for 
a  considerable  time.    It  is  true,  the  feet  of  the  table  rested  against  his 
knees  ;  but  as  the  length  of  the  table  was  much  greater  than  its  height, 
that  performance  required  a  great  strength  to  be  exerted  by  themuscies 
of  his  loins,  neck,  and  jaws.    6.  He  took  an  iron  kitchen  poker,  f00!1^ 
yard  long,  and  three  inches  in  circumference,  and  holding  it  in  Jus  rig 
hand,  he  struck  it  on  his  bare  left  arm  between  the  elbow  and  the  vnw, 
tiU  he  bent  the  poker  nearly  to  a  right  angle.    7.  He  took  sucl>  anotf  jt 
poker,  and,  holding  the  ends  of  it  in  his  hands,  and  the  middle  o 
against  the  back  of  his  neck,  he  brought  both  ends  of  it  together  Dei  ^ 
him;  and,  what  was  yet  more  difficult,  he  pulled  it  straight  aga-^ 
Haller  mentions  an  instance  of  a  man,  who  could  raise  a  we  g 
*  Dcsaguliers'  "  Philosophy,"  vol.  ii. 
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300  lbs.,  by  the  action  of  the  elevator  muscles  of  his  jaw :  and  that  of 
a  slender  girl,  affected  with  tetanic  spasm,  in  whom  the  extensor  muscles 
of  the  back,  in  the  state  of  tonic  contraction  or  opisthotonos,  resisted  a 
weight  of  800  lbs.  laid  on  the  abdomen  with  the  absurd  intention  of 
straightening  the  body. 

695.  Absolute  Force  of  Muscle. — The  mechanical  power  exerted  by 
muscle  in  contraction  may  be  calculated  as  in  any  mechanical  machine 
by  multiplying  the  weight  lifted  by  the  height  to  which  it  is  raised. 
Weber  obtained  the  following  values  for  the  muscle  of  a  frog : — 


Weight  lifted  in  Height  in  Mm.  Mechanical  efi'ect 

Grammes.  in  Grammillimetres. 

27-6       )  [  138 

25-1  376 

11-45  ~         "  286 
6-3       J  \  220 


a  ....  5 

b  ....  15 

c  ....  25 

d  ....  35 


by 


That  is  to  say,  that  138  grammillimetres  are  equal  to  5  grammes  raised 
27'6  mm.  or  to  27*6  grammes  raised  5  mm.    It  will  be  seen  from  the 
table  that  the  mechanical  effect  increases  to  a  certain  point  with  the 
weighting,  and  then  gradually  diminishes:  it  was  found  that  different 
muscles  had  their  maximum  at  different  weightings. — The  power  of  the 
muscles  appears  to  vary  in  different  animals,  being  greatest  in  propor- 
tion to  their  size  in  Insects.*    The  relation  of  the  muscles  of  the  same 
:inimal  to  one  another  is  very  simple,  the  weight  which  can  be  raised, 
-as  Professor  Haughtonf  states,  being  proportional  to  the  area  of  the 
r  ;ros3  section  of  each  muscle,  and  may  even  be  estimated  by  the  cross 
section  of  the  tendon  that  conveys  its  influence  to  a  distant  point;  whilst 
t  is  obvious  that  a  given  weight  can  be  raised  higher  in  proportion  to 
Uhe  length  of  the  muscle.     The  most  natural  measure  of  the  maxi- 
mum of  force  which  is  exerted  when  the  muscle  is  in  its  highest 
Mtate  of  excitability  is  the  amount  of  work  it  can  accomplish  under 
■he  influence  of  the  strongest  stimulus.    But  this,  as  is  shown  above, 
>  s  found  to  vary  with  the  degree  of  weighting ;  and  it  is,  therefore, 
*  idvantageous  to  adopt  another  measure  to  which  the  term  "  absolute 
;  miscle-force"  may  be  applied .|  This  is  represented  by  the  weight,  which 
s  exactly  equivalent  to  the  contractile  power  of  the  muscle  when  sti- 
|  nulated  to  its  utmost,  or,  in  other  words,  which  the  muscle,  when  most 
<  strongly  stimulated,  is  just  incapable  of  raising.    The  absolute  muscle- 
i  orce  for  the  square  centimetre  of  the  muscles  of  the  frog  was  estimated 
p  5y  Weber  at  692  grammes.    Rosenthal§  gives  a  higher  number  for 
•he  muscles  of  the  same  animal,  estimating  it  at  from  2300  to  3000 
I  rrammes  per  square  centimetre  for  the  adductor  magnus  and  semi- 
|  nembranosus,  and  from  1000  to  1200  grammes  for  the  gastrocnemius ; 
I  vhilst  for  the  square  centimetre  of  the  muscles  of  man  Henke  and 
Snorz   have   estimated  it    at  from   6000  to  8000  grammes;  and 
I  £oster||  at  about  10,000  grammes    per  square  centimetre  for  the 

*  See  Plateau,  "  Eevue  Suisse,"  t.  xxv.  1866,  p.  87,  who  states  that  the  Donacia 
I  lymplifea  can  overcome  a  resistance  equal  to  42  times  its  own  weight, 
t  "Proceedings  of  Royal  Society,"  1867,  No.  94. 
J  »?  Hermann,  "  Grundriss  dcr  Physiologic, "  1867,  p.  238. 
!  u  a  m,ptC8  Rendus,"  torn.  lxiv.  p.  1143. 
II     Archief  Nederland.,"  Bd.  ii.  No.  2. 
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muscles  of  the  leg,  and  7400  for  those  of  the  arm.  Haughton's 
estimate*  agrees  very  closely  with  those  of  Henke  and  Knorz,  since  he 
considers  the  absolute  muscle-force  of  the  muscles  of  the  human 
arm  and  leg  to  be  109*4  lbs.  for  the  square  inch,  which  reduced  to 
French  measure-)"  would  amount  to  7690  grammes  for  the  square 
centimetre.  Mr.  Ii.  F.  Baxter"):  found  from  his  experiments  that 
1  grain  of  frog's  muscle  is  on  the  average  capable  of  raising  a  weight 
of  608  grains  through  a  space  of  l-63rd  of  an  inch,  though  considerable 
differences  exist  in  regard  to  sex,  age,  and  general  condition  of  the  animal. 
Thus  he  found  that  whilst  1  grain  of  the  muscle  of  male  frogs  could  raise 
656  grains,  1  grain  of  the  muscle  of  female  frogs  could  only  raise  579 
grains.  Again  in  March  and  April  1  grain  of  frog's  muscle  raised  445 
grains  of  an  inch  high,  in  June  and  July  608  grains.§  This  agrees  with 
the  observation  of  Schmulewitsch,||  that  within  certain  limits  the  higher 
the  temperature  of  muscle,  the  more  work  was  it  able  to  perform  with 
equal  weighting  and  stimulus.  Fick^f  finds  the  power  possessed  by 
1  grain  of  frog's  muscle  is  5000  millimetre-grammes  for  one  single  con- 
traction. Haughton**  estimates  that  1  lb.  av.  weight  of  human  muscie  is 
capable  of  lifting  l-56  ton  through  1  foot  before  it  is  exhausted.  Mr. 
Baxter's  experiments  also  show  the  interesting  circumstance  that  whilst 
there  is  a  loss  of  weight  in  the  animal  during  muscular  contraction, 
there  is  an  increase  of  weight  in  the  individual  muscles  experimented- 
on. — It  is  to  be  recollected,  that  the  mechanical  application  of  the  power 
developed  by  muscular  contraction  to  the  movement  of  the  body,  is  very 
commonly  disadvantageous  as  regards  force  :  being  designed  to  cause  the 
part  moved  to  pass  over  a  much  greater  space  than  that  through  which 
the  muscle  contracts.  Thus  the  Temporal  muscle  is  attached  to  the 
lower  jaw,  at  about  one-third  of  the  distance  between  the  condyle  and 
the  incisors ;  so  that  a  shortening  of  the  muscle  to  the  amount  of  half  an 
inch,  will  draw-up  the  front  of  the  jaw  through  an  inch  and  a  half;  but 
a  power  of  900  lbs.  applied  by  the  muscle,  would  be  required  to  raise 
300  lbs.  bearing  on  the  incisors.  In  the  case  of  the  fore-arm  and  leg, 
the  disproportion  is  much  greater;  the  points  of  attachment  of  the 
muscles  by  which  the  knee  and  elbow-joints  are  flexed  and  extended, 
being  much  closer  to  the  fulcrum,  in  comparison  with  the  distance  of 
the  points  on  which  the  resistance  bears.  Professor  Haughton  has  also 
shoAvn  that  there  is  a  loss  in  the  force  applied  by  the  muscles  of  various 
animals  in  consequence  of  the  friction  of  their  tendons,  which  amounts  in 
man  to  35  per  cent.,  in  the  mastiff  to  41  per  cent.,  and  in  the  kangaroo 
to  61  per  cent.  It  may  be  instructive  to  append  here  the  estimates 
made  by  different  observers  of  the  amount  of  work  that  a  man  weighing 
about  150  lbs.  can  with  vigorous  exertion  accomplish  in  the  course  oi  a 
day  of  eight  hours.     The  French  assume  as  a  work-unit  the  force 

*  "  Proceedings  of  the  Eoyal  Society,"  1867,  No.  94.  .       .  t 

+  Taking  the  square  inch  at  6-45  square  centimetres  and  the  pound  avoirdupois  » 
453-59  grammes.  ...  1Q. 

%  '  On  Muscular  Power,'  in  the  "  Edin.  New  Phil.  Journ.,"  vol.  xvm.  p.  iy*- 
§  "Archives  of  Medicine,"  vol.  iv.  pp.  298  and  326. 
||  "  Centralblatt,"  1867,  No.  6;  and  "  Medicin.  Jahrb.,"  Bd.  i. 
U  Virchow's  "  Jahresb."  for  1867,  p.  80. 

**  "  Outlines  of  a  New  Theory  of  Muscular  Action,"  Dublin,  1863. 
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that  is  requisite  to  raise  1  kilogramme  (  =  2*2  lbs.)  1  metre  (  -  39*37  in.) 
high  in  1  second  of  time  : — 

Amount  of  work 

Kind  of  labour.  in  foot-tons.  Authority. 

Pedestrians   353  ...  Haughton. 

Pile-driving   312  ...  Coulomb. 

Pile-driving   352  ...  Lamande. 

Turning  a  winch   374  ...  Coulomb. 

Porters  carrying  goods  and  returning  unloaded  .    .    .  325  ...  „ 

Porters  always  loaded   303  ...  ,, 

Porters  carrying  wood  upstairs  and  returning  unloaded  381  ...  „ 

Paviours  at  work   352  ...  Haughton. 

Prisoners  at  shot  drill   310  ...  „ 

The  mean  of  these  estimates  is  340*2  ft.-tons,  or  762048  ft.-pounds  = 
105605  kilogrammetres,  which  closely  accords  with  the  estimate  of 
Professor  Donders.*  In  his  recent  address  at  the  meeting  of  the 
kitish  Association,  at  Oxford,  Professor  Haughton  estimated  the  daily 
ixternal  work  of  a  working  man  at  353*75  foot-tons,  and  adds  133foot- 
ons  for  the  work  requisite  to  maintain  the  circulation  and  respiration, 
iankef  gives  the  following  table  from  Eedtenbacher  : — 

The  amount  of  work  accomplished 

in  eight  hours  in  Kilogr.  in  8  hours. 

1.  Man,  weighing  on  the  average  70  kilog.,  working 

without  machine   316,800 

„       with  a  lever  (Hebel)   158,400 

„       with  a  windlass  (Kurbel)   184,320 

with  a  whinsey  or  gin   207,360 

„       with  a  treadwheel   241,920 

,,       with  an  inclined  plane,  24°   345,600 

2.  Horse,  weighing  on  the  average  280  kilog. ,  working 

without  machine   2,102,400 

„       with  a  gin   .  1,152,000 

3.  Ox,      weighing  on  the  average  280  kilog.,  without 

machine   1,382,400 

„       with  a  gin   .  1,123,200 

4.  Mule,    weighing  on  the  average  230  kilog.,  without 

machine   1,497,600 

„       with  gin   777,600 

5.  Ass,     weighing  on  the  average  1 68  kilog.,  without 

machine   864,000 

„       with  gin   316,800 

I  Reducing  these  results  to  a  general  measure  for  a  given  weight, 
I  inke  estimates  that — 

1  kilog.  of  human  muscle  works  in  1  sec,  without  machine,  0*157  kilog. 
°*  „  „  „  0*172  „ 

»       ass  >i  »  >)  0*178  „ 

,>       mule  „  „  „  0*222  „ 

„       horse  „  „  ,,  0*261  „ 

1 3  calculates  eight  hours'  walking  to  be  equivalent  to  200,000  kilogr. 
1-696.  Sources  of  Muscular  Force. — Muscle  has  been  defined  by  an  able 
I  emist  to  be  a  machine  by  which  heat  is  converted  into  mechanical 
I  *ce ;  and  the  results  of  numerous  recent  researches  tend  to  show  that 
1 2  source  of  the  primary  heat  is  to  be  looked  for  in  the  oxidation  of 

1  See  Dr.  Moore's  translation  of  his  paper  in  Humphry  and  Turner'a  "Journal  of 
;  I  atomy,"  vol.  i.  1867,  p.  168. 

t  "  Grundziige  dor  Physiologic,"  1868. 
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both  the  nitrogenous  and  of  the  non-nitrogenous  constituents  of  the 
blood ;  the  combination  taking  place  partly  and  principally  within  the 
bloodvessels  (Heaton),  but  partly  also  in  those  portions  of  the  blood 
which,  escaping  from  the  vessels,  supply  the  tissue  with  the  materials 
requisite  for  its  nutrition.    That  nitrogenous  substances  are  oxidized 
during  muscular  exertion  is  sufficiently  proved  by  the  necessity  that 
exists  for  their  free  supply  in'groups  of  men,  as  navvies,  prizefighters,  &c, 
who  have  to  maintain  severe  and  protracted  exertion,  as  well  as  by  the 
fact  ascertained  by  Parkes  (§  409),  that  a  slight  increase  in  the  amount  of 
the  products  of  the  disintegration  of  the  nitrogenous  constituents  of  the 
body  does  take  place  during  exercise,  whether  the  diet  have  contained 
a  regulated  amount  of  nitrogen,  or  has  been  wholly  restricted  to  non- 
nitrogenous  substances.    That  the  force  daily  exerted  by  the  muscles 
of  a  labouring  man  is,  however,  not  exclusively  derived  from  the  com- 
bustion of  the  nitrogenous  constituents  of  his  muscles  or  of  his  blood,  is 
proved  by  the  circumstance  that  the  elimination  of  urea,  which  may  be 
regarded  as  the  final  product  in  the  animal  body  of  the  decomposition 
of  the  albuminoid  compounds,  is  by  no  means  proportional  to  the 
amount  of  force  expended  ;  and  secondly,  by  the  fact  that  even  allowing 
a  large  margin  for  errors  of  calculation  and  experiment,  the  absolute 
quantity  of  nitrogen  eliminated  by  the  body  represents  an  amount  of 
albuminous  material  the  combustion  of  which  is  insufficient  to  account  for 
the  muscular  force  that  is  generated  with  even  moderate  exertion.  That 
the  oxidation  of  the  non-nitrogenous  materials  of  the  blood  occurs  during 
work,  to  furnish  the  heat  which  the  muscles  transform  into  mechanical 
force,  is  shown  first,  by  the  greatly  increased  amount  of  carbonic  acid 
contained  in  the  venous  blood  of  a  contracting  muscle,  as  compared 
with  a  muscle  at  rest  (Sczelkow,  §  190);  secondly,  by  the  increased 
elimination  of  carbonic  acid  and  water  that  occurs  during  exercise  (E. 
Smith,  §  308)  ;  thirdly,  by  the  fact  that  in  some  animals,  as  in  bees 
(Verloren),  as  Avell  as  in  man  (Fick,  Parkes),  a  considerable  amount  of 
exertion  can  be  temporarily  undertaken  on  a  diet  containing  little  or  no 
nitrogen,  as  sugar  and  fat,  though  it  has  been  clearly  shown  that  if  the 
diet  be  exclusively  confined  to  non-nitrogenous  material,  weakness  and 
weariness  soon  supervene,   quickly  followed  by  complete  muscular 
exhaustion  (Hammond,  Savory,  Parkes).    It  may  be  remarked,  also, 
that  in  those  nations,  and  in  those  animals,  that  are  well  supplied  with 
nitrogenous  compounds  in  their  food,  a  superior  physical  condition  is 
produced,  enabling  them  to  maintain  severe  exertion  for  a  longer  perio  , 
and  also  to  exert,  when  occasion  may  require,  more  vigorous  effort  or  a 
shorter  period,  than  those  whose  diet  is  of  a  poorer  quality,  or  coar^e 
less  nitrogen  in  an  easily  assimilable  form.    The  precise  seat  o 
oxidation  cannot  be  held  to  be  decisively  ascertained,  but  strong  _ 
dence  has  been  brought  forward  to  show  that  it  takes  place  wi  ^ 
the  vessels.     The  chemical  facts  connected  with  the  contr{J.C;j°wing 
muscle  have  been  ingeniously  woven  by  Hermann*  into  the  to  ,gx 
theory.     He  supposes  that  muscle  contains  a  store  of  a  co  p^ 
nitrogenous  material  in  a  state   of  solution.     It  is  uns  i 
in  the  act  of  disintegration  developes  force.     The  prod ■uc"ossiblyf 
disintegration  are,  inter  alia,  carbonic  acid,  paralactic  acid  {Y 
*  "  Grundriss  dev  Fhysiologie,"  1867,  p.  226. 
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as  Kanke  believes,  sugar  and  fat),  and  an  albuminous  compound  which 
is  at  first  gelatinous,  but  soon  coagulates  into  a  solid  substance 
(Myosin).  When  at  rest  the  disintegration  proceeds  slowly,  but  it  is 
rendered  more  energetic  by  elevation  of  temperature  within  certain 
limits,  and  is  induced  instantly  by  certain  "  irritants."  As  the  muscle 
substance  is  consumed  by  exertion,  it  is  requisite  for  the  maintenance 
of  its  characteristic  properties  that  a  constant  circulation  of  blood 
should  take  place  through  its  vessels,  by  which  means  not  only  may 
oxygen  and  fresh  supplies  of  nutritive  material  be  brought  to  it,  but  the 
products  of  its  disintegration,  the  presence  of  which  seriously  impairs  its 
contractile  powers,  may  be  removed.* 

697.  The  rapidity  of  the  changes  of  position  of  the  component  parti- 
cles of  muscular  fibres,  may,  as  Dr.  Alison  justly  remarks, "j"  be  estimated, 
though  it  can  hardly  be  conceived,  from  various  well-known  facts.  The 
pulsations  of  the  heart  can  sometimes  be  distinctly  numbered  in  chil- 
Jren,  at  more  than  200  in  the  minute ;  and  as  each  contraction  of  the 
ventricles  occupies  only  half  the  time  of  the  whole  pulsation,  it  must  be 
iccomplished  in  l-400th  of  a  minute,  or  3-20ths  of  a  second.    Again,  it 
s  certain  that,  by  the  movements  of  the  tongue  and  other  organs  of  speech, 
.500  letters  can  be  distinctly  pronounced  by  some  persons  in  a  minute  : 
ivery  one  of  these  must  require  a  separate  contraction  of  muscular  fibres ; 
.nd  the  production  and  cessation  of  each  of  the  sounds,  implies  that  each 
cparate  contraction  must  be  followed  by  a  relaxation  of  equal  length;  each 
ontraction,  therefore,  must  have  been  effected  in  1  -3000th  part  of  a 
linute,  or  in  l-50th  of  a  second.    Haller  calculated  that,  in  the  limbs 
f  a  dog  at  full  speed,  muscular  contractions  must. take  place  in  less  than 
-200th  of  a  second,  for  many  minutes  at  least  in  succession. — All  these 
. stances,  however,  are  thrown  into  the  shade,  by  those  which  may  be 
rawn  from  the  class  of  Insects.    The  rapidity  of  the  vibrations  of  the 
ings  may  be  estimated  from  the  musical  tone  which  they  produce ;  it 
eing  easily  ascertained  by  experiments,  what  number  of  vibrations  are 
required  to  produce  any  note  in  the  scale  (§  646).    From  these  data,  it 
•pears  to  be  the  necessary  result,  that  the  wings  of  many  Insects  strike 
lie  air  many  hundred  or  even  many  thousand  times  in  every  second. — 
I  he  minute  precision  with  which  the  degree  of  muscular  contraction 
liin  be  adapted  to  the  designed  effect,  is  in  no  instance  more  remarkable 
laan  in  the  Glottis.    The  musical  pitch  of  the  tones  produced  by  it,  is 
I  igulated  by  the  degree  of  tension  of  the  chordae  vocales,  which  are  pos- 
l-ssed  of  a  very  considerable  degree  of  elasticity  (§  699).    According  to 
I  e  observations  of  Muller,^  the  average  length  of  these,  in  the  male,  in 
§  state  of  repose,  is  about  73-100ths  of  an  inch  ;  whilst,  in  the  state  of 
l.'eatest  tension  it  is  about  93-100ths;  the  difference  being  therefore 

I  The  reader  will  find  much  interesting  information  on  the  several  views  of  tho 
I  gin  of  muscular  force,  with  references  to  previous  writers,  in  Playfair's  "  Essay  on 
I  s  Food  of  Man  in  Relation  to  his  Useful  Work,"  Edinb.,  1865;  Heaton's  "Essay 
I  the  Function  of  the  Blood  in  Muscular  Work,"  Phil.  Mag.,  1867  ;  Donders  "  On  the 
!  "^iitiu  ntsofFood  in  their  Relation  to  Muscular  Work  and  Animal  Heat,"  translated 
l  Dr.  Moore,  Dublin,  1866;  Parkes's  'Essays  on  the  Elimination  of  Nitrogen  by 
I  i  Kidneys'  ("Proceedings  of  the  Royal  Society,"  1867,  Nos.  89  and  94);  and 
I  ^'ssor  Haughton's  "  Address  at  the  Meeting  of  the  British  Medical  Association," 
I  )8. 

I  ►  ('<9YcloP!,etlia  of  Anatomy  and  Physiology,"  Art.  '  Contractility.' 
I  -    Elements  of  Physiology,"  Baly's  translation,  p.  1018. 
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20-100ths,  or  one-fifth  of  an  inch:  in  the  female  glottis,  the  average 
dimensions  are  about  51-100ths  and  63-100ths  respectively;  the  dif- 
ference being  thus  about  one-eighth  of  an  inch.  Now  the  natural 
compass  of  the  voice  in  most  persons  who  have  cultivated  the  vocal 
organ,  may  be  stated  at  about  two  octaves,  or  24  semitones.  Within 
each  semitone,  a  singer  of  ordinary  capability  could  produce  at  least  ten 
distinct  intervals  ;  so  that  of  the  total  number,  240  is  a  very  moderate 
estimate.  There  must,  therefore,  be  at  least  240  different  states  of 
tension  of  the  Vocal  Cords,  every  one  of  which  is  producible  by  the 
will,  without  any  previous  trial ;  and  the  whole  variation  in  the  length 
of  the  cords  being  not  more  than  one-fifth  of  an  inch,  even  in  man,  the 
variation  required  to  pass  from  one  interval  to  another,  will  not  be  more 
than  1-1200  of  an  inch.  And  yet  this  estimate  is  much  below  that  which 
might  be  truly  made  from  the  performances  of  a  practised  vocalist.* 


CHAPTER  XVI. 
OF  THE  VOICE  AND  SPEECH. 

1.  Of  the  Larynx,  and  its  Actions. 

G98.  The  sounds  produced  by  the  organ  of  Voice  constitute  the  most 
important  means  of  communication  between  Man  and  his  fellows;  and 
the  power  of  Speech  has,  therefore,  a  primary  influence,  as  well  on  his 
physical  condition,  as  on  the  development  of  his  mental  faculties.  It  is 
necessary  to  bear  in  mind  that  Vocal  sounds,  and  Speech  or  articulate 
Language,  are  two  things  entirely  different ;  and  that  the  former  may 
be  produced  in  great  perfection,  where  there  is  no  capability  for  the 
latter.  Hence  we  might  at  once  infer,  that  the  instrument  for  the  pro- 
duction of  vocal  sounds  is  distinct  from  that  by  which  these  sounds  are 
modified  into  articulate  speech  ;  and  this  we  easily  discover  to  be  the 
case,  the  voice  being  unquestionably  produced  in  the  larynx,  whilst  the 
modifications  of  it  by  which  language  is  formed,  are  effected  for  the  most 
part  in  the  oral  cavity. — The  structure  and  functions  of  the  former,  then, 
first  claim  our  attention.  It  will  be  remembered  that  the  Trachea  is  sur- 
mounted by  a  stout  cartilaginous  annulus,  termed  the  Cricoid  cartilage 
(Figs.  210,  211,  a  B,  Fig.  212,  r  u  x  w)  ;  which  serves asa  foundation  for 
the  superjacent  mechanism.  This  is  embraced  (as  it  were)  by  the  Thyroid 
(Figs.  210,  211,  e  c  G,  Fig.  212,  G  e  h),  which  is  articulated  to  its  sides  by 
the  lower  horns  (Figs.  210,  211,  c),  round  the  extremities  of  which  it 
may  be  considered  to  turn  as  on  a  pivot.  In  this  manner,  the  lower  front 
border  of  the  Thyroid  cartilage,  which  is  ordinarily  separated  by  a  sma 
interval  (Figs.  210,  211,  m  n)  from  the  upper  margin  of  the  Cricoid, 
may  be  made  to  approach  it  or  to  recede  from  it ;  as  any  one  ma} 

*  It  is  said  that  the  celebrated  Madame  Mara  was  able  to  sound  100  djJ?*^wr' 
tervals  between  each  tone.    The  compass  of  her  voice  being  at  least  tnr ee  °"      '  0 
21  tones,  the  total  number  of  intervals  was  2100,  all  comprised  within  an  _ 
variation  of  one-eighth  of  an  inch  ;  so  that  it  might  be  said  that  she  was iau 
tcrmine  the  contractions  of  her  vocal  muscles  to  nearly  the  seventeen-t/iomana 
an  inch. 
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easily  ascertain,  by  placing  his  finger  against  the  little  depression  which 
may  be  readily  felt  externally,  and  observing  its  changes  of  size,  whilst 
a  range  of  different  tones  is  sounded  ;  for  it  will  then  be  noticed  that, 
the  higher  the  note,  the  more  the  two  cartilages  are  made  to  approximate, 
whilst  they  separate  in  proportion  to  the  depth  of  the  tones.*  Upon 
the  upper  surface  of  the  back  of  the  Cricoid,  are  seated  the  two  small 


Median  Section  of  Mouth,  Nose,  Pharynx,  and  Larynx  : — a,  septum  of  nose  ;  below  it, 
section  of  hard  palate  ;  b,  tongue;  c,  section  of  velum  pendulum  palati;  rf,  d,  lips;  w,  uvula; 
r,  anterior  arch  or  pillar  of  fauces  ;  t,  posterior  arch;  t,  tonsil ;  p,  pharynx  ;  h,  hyoid  bone  ; 
k,  thyroid  cartilage ;  n,  cricoid  cartilage  ;  g,  epiglottis  ;  v,  glottis  ;  1,  posterior  opening  of 
nares  ;  3,  isthmus  faucium ;  4,  superior  opening  of  larynx ;  5,  passage  into  oesophagus ;  6, 
mouth  of  right  Eustachian  tube. 

Arytenoid  cartilages  (Figs.  210,  212,  f  f);  these  are  fixed  in  one  direc- 
tion by  a  bundle  of  strong  ligaments,  which  tie  them  to  the  back  of  the 
-ricoid ;  but  they  have  some  power  of  moving  in  other  directions,  upon 
i  kind  of  articulating  surface.  The  direction  of  the  surface,  and  the 
node  in  which  these  cartilages  are  otherwise  attached,  cause  their 
novement  to  be  a  sort  of  rotation  in  a  plane  which  is  nearly  horizontal 
>ut  partly  downwards ;  so  that  their  vertical  planes  may  be  made  to 
teparate  from  each  other,  and  at  the  same  time  to  assume  a  slanting 
position.  This  change  of  place  will  be  better  understood,  when  the 
iction  of  the  muscles  is  described.  To  the  lower  part  of  the  anterior 
•urface  of  the  Arytenoid  cartilages  are  attached  the  chordce  vocales  or 
focal  Ligaments  (Fig.  210,  e  f,  Fig.  212,  t  v),  which  stretch-across  to 

*  In  making  this  observation,  it  is  necessary  to  put  out  of  view  the  general  move- 
ment of  the  Larynx  itself,  which  the  finger  must  be  made  to  follow  up  and  down. 
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the  front  of  the  Thyroid  cartilage ;  and  it  is  upon  the  condition  and 
relative  situation  of  these  ligaments,  that  their  action  depends.  It  is 
evident  that  they  may  be  rendered  more  or  less  tense,  by  the  movement 
of  the  Thyroid  cartilage  thus  described ;  being  tightened  by  the  de- 
pression of  its  front  upon  the  Cricoid  cartilage,  and  slackened  by  its 
elevation.  On  the  other  hand,  they  may  be  brought  into  more  or  less 
close  apposition,  by  the  movement  of  the  Arytenoid  cartilages ;  being 
made  to  approximate  nearly,  or  to  recede  in  such  manner  as  to  cause 
the  rima  glottidis  to  assume  the  form  of  a  narrow  V,  by  the  revolution 


Fig. 210.  Fig. 211. 


External  aud  Sectional  views  of  the  Larynx :— A  n  B,  the  cricoid  cartilage;  jcg,  the 
thyroid  cartilage;  g,  its  upper  horn;  c,  its  lower  horn,  where  it  is  articulated  with  the 
cricoid;  F,  the  arytenoid  cartilage ;  u  f,  the  vocal  ligament ;  A  k,  crico-thyroideus  muscle; 
F  e  m,  thyro-arytenoideus  muscle ;  x  e,  crico-arytenoideus  lateralis  ;  s,  transverse  section 
of  arytenoideus  transversus ;  m  n,  space  between  thyroid  and  cricoid ;  B  lj  projection  of 
axis  of  articulation  of  arytenoid  with  thyroid. 

of  these  cartilages. — We  shall  now  inquire  into  the  actions  of  the 
muscles  upon  the  several  parts  of  this  apparatus  ;  and  first  into  those  of 
the  larynx  alone. 

699.  The  depression  of  the  front  of  the  Thyroid  cartilage,  and  the  con- 
sequent tension  of  the  Vocal  Ligaments,  is  occasioned  by  the  conjoint 
action  of  the  Crico-thyroidei  (Fig.  211,  a  k)  on  both  sides;  and  the  chiei 
antagonists  to  these  are  the  Thyro-arytenoidei  (Fig.  210,  f  m,  Fig.  21*> 
v  kf),  which  draw  the  front  of  the  thyroid  back  towards  the  arytenoid 
cartilages,  and  thus  relax  the  vocal  ligaments.     These  two  pairs  o 
muscles  may  be  regarded  as  the  principal  governors  of  the  pitch  ot  in 
notes,  which,  as  we  shall  hereafter  see,  is  almost  entirely  regulated  by 
the  tension  of  the  ligaments ;  their  action  is  assisted,  however,  by  that  o 
other  muscles  presently  to  be  mentioned.*— The  arytenoid  cartilages  ar 

*  Dr.  P.  Martyn  has  adduced  various  observations  to  show  that  the  P.1^"*^/ 
exerts  an  important  influence  on  the  pitch  of  the  notes,  by  giving  a  certain  nrmi  . 
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Fig.  212. 


made  to  diverge  from  each  other,  by  means  of  the  Crico -arytenoids 
postici  (Fig.  212,  n  I)  of  the  two  sides,  which  proceed  from  their  outer 
sorners,  and  turn  somewhat  round  the  edge  of  the  Cricoid,  to  be  attached 
to  the  lower  part  of  its  back ;  their 
action  is  to  draw  the  outer  corners 
backwards  and  downwards,  so  that 
the  points  to  which  the  vocal  liga- 
ments are  attached  are  separated 
•from  one  another,  and  the  rim  a 
j.Tlottidis  is  thrown  open.    This  will 
,oe  at  once  seen  from  the  succeeding 

liagram,  in  which  the  direction  of 
hraction  of  the  several  muscles  is 
Laid- down. — The  action   of  these 
.  nuscles  is  partly  antagonized  by 

hat  of  the  Crico-arytenoidei  late- 
\  -ales  (Fig.  212,  n  x),  which  run 
|  brwards  and  downwards  from  the 
luuter  corners  of  the  Arytenoid  car- 

1  ilages,  and  whose  contraction  tends  ^ 
I  o  bring  their  anterior  points  into     Bird.s.eye  ^ew  of  Larynx  from  above  :-o  eh, 

he  Same    Straight  line,   depressing    the  thyroid  cartilage,  embracing  the  ring  of  the 


hem  at  the  same  time,  so  as  thus 
d  close  the  glottis 


cricoid,  r  u  x  jo,  and  turning  upon  the  axis,  x  z, 
which  passes  through  the  lower  horns,  c,  Fig.210 ; 
These  muscles    N  F>  N  F'       aryteuoid  cartilages,  connected  by 
the  aryteneideus  transversus  ;  it,it,  the  vocal 
re   assisted     by    the    Ari/tenOldeUS   ligaments;    n  x,  the  right  crico-arytenoideus 
•ansvpravs   (~Ficr   21  2  ^    wliirh   r>nn     lateralis  (the  left  being  removed) ;  v  kf,  the  left 
unsierbUS   ^r  lg.  WIUCU  COn-   tllyro.arytenoideus  (the  right  being  removed)  ; 

ects  the    posterior    faces    of    the  h  the  crico-arytenoidei  postici;  B,  B,  the 

arytenoid  cartilages,  and  which,  by   cricoarytenoid  ligaments. 

:s  contraction,  draws  them  together.  By  the  conjoint  action,  therefore, 
f  the  Crico-arytenoidei  laterales  and  of  the  Arytenoideus  transversus,  the 
'hole  of  the  adjacent  faces  of  the  Arytenoid  cartilages  will  be  approxi- 
uted,  and  the  points  to  which  the  vocal  ligaments  are  attached  will  be 
epressed. — But  if  the  Arytenoideus  be  put  in  action  in  conjunction 
ith  the  Crico-arytenoidei  postici,  the  tendency  of  the  latter  to  separate 

k  ie  Arytenoid  cartilages  being  antagonized  by  the  former,  its  backward 
;tion  only  will  be  exerted ;  and  thus  it  may  be  caused  to  aid  the  Crico- 

t  lyroidei  in  rendering  tense  the  vocal  ligaments.  This  action  will  be 
irther  assisted  by  the  Sterno-thyroidei,  which  tend  to  depress  the 
hyroid  cartilage  by  pulling  from  a  fixed  point  below;*  and  the  Thyro- 

I  loidei  will  be  the  antagonists  of  these,  when  they  act  from  a  fixed  point 
)ove,  the  Os  Hyoides  being  secured  by  the  opposing  contraction  of 

I  veral  other  muscles. — The  respective  actions  of  these  muscles  will  be 

\  ist  comprehended  by  the  following  Table  : — 

I  pdity,  and  tension  to  the  larynx.  He  also  suggests  that  this  body  may  act  as  a 
Yider,  rendering  the  vibrations  of  the  vocal  cords  slower  and  longer,  and  the  tone  in 
I  nsequence,  fuller,  louder,  and  deeper,  thus  compensating  for  the  small  size  of  the 
1  ynxj  finally  he  believes  that  it  aids,  by  its  changes  in  shape,  bulk,  and  density,  in 
•oducing  the  wonderful  qualities  of  modulation  and  expression  peculiar  to  the  human 
I  *eTi,ScC  "Proceecnngs  of  the  lloyal  Society,"  vol.  viii.  p.  315. 
1  These  are  not  usually  reckoned  among  the  principal  muscles  concerned  in  regu- 
r  ing  the  voice  ;  but  that  they  are  so,  any  one  may  convince  himself  by  placing  his 
I  ger .just  above  the  sternum,  whilst  ho  is  sounding  high  notes;  a  strong  feeling  of 
;  I  iscular  tension  h  then  at  once  perceived. 
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Crico-Thyroidei 

StERNO-Th  YROIDEI 

Thyro-Arytenoidei 
Thyro-Hyoidei 


Govern  the  pitch  of  the  Notes. 

(  Depress  the  front  of  the  Thyroid  cartilage  on  the 
. . .  <  Cricoid,  and  stretch  the  vocal  ligaments  ;  assisted 
(  by  the  Arytenoideus  andCrico-arytenoideipostici. 
(  Elevate  the  front  of  the  Thyroid  cartilage,  and 
...  <  draw  it  towards  the  Arytenoids,  relaxing  the 
(     vocal  ligaments. 


Govern  the  Aperture  of  the  Glottis. 
Crico-Arytenoidei  postici   Open  the  Glottis. 


Crico-Arytenoidei  laterales 
Arytenoideus  transversus 


Press  together  the  inner  edges  of  the  Ary- 
tenoid cartilages,  and  close  the  Glottis. 


700.  The  muscles  which  stretch  or  relax  the  Vocal  ligaments,  are 
entirely  concerned  in  the  production  of  Voice :  those  which  govern  the 
aperture  of  the  Glottis  have  important  functions  in  connection  with  the 


Fio.  213. 


o. 


p\ 


Part  of  Fig.  212  enlarged,  to  show  the  Direction  of  the  Muscular  Forces  which  act  on  the 
Arytenoid  cartilage  :— *  v  s,  the  right  Arytenoid  cartilage ;  t  v,  its  vocal  hpament ;  b  k 
bundle  of  ligaments  uniting  it  to  Cricoid  ;  o  p,  projection  of  its  axis  j of  a.rhc^"°°{del^ 
direction  of  the  action  of  the  Thyro-arytenoioeus .  N  x,  direction  of  Cnco-arj  ono  aeua 
lateralis;  if  W,  direction  of  Crico-arytenoideus  posticus;  w  y,  direction  ot  Aryiemnu 
transversus. 

Respiratory  actions  in  general,  and  stand  as  guards  (so  to  speak)  at  t  e 
entrance  to  the  lungs.    These  separate  actions  are  easily  made  evl  ' 
In  the  ordinary  condition  of  rest,  it  seems  probable  that  the  ^ry  ^ 
cartilages  are  considerably  separated  from  each  other ;  so  as  to  ^ 
wide  opening  to  intervene  between  their  inner  faces  and  betw 
vocal  ligaments,  through  which  the  air  freely  passes ;  and  the  voc 
ments  are  at  the  same  time  in  a  state  of  complete  relaxation.^ 
close  the  aperture  of  the  Glottis  by  an  exertion  of  the  will,  dun  p 
inspiration  or  expiration;   and  its  closure  by  ^J^°^L  rivW 
forms  part  of  the  acts  of  Coughing  and  Sneezing  (§  300),  bes  °e  of 
rise  to  those  more  prolonged  impediments  to  the  ingress  an    '«>  ^ 
air,  which  have  been  already  noticed  as  resulting  liom 
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Fig.  214. 


Condition  of  the  Larynx  as  seen  by 
the  Laryngoscope  during  tranquil  re- 
spiration : — e,  epiglottis ;  as,  fissure-like 
opening  of  oesophagus ;  c,  fold  of  mucous 
membrane  bounding  the  opening  of  the 
glottis  posteriorly,  and  extending  be- 
tween the  tubercles  of  the  cartilages  of 
Santorini. 


states  of  the  Nervous  system.  With  these  actions,  the  muscles  which 
regulate  the  tension  of  the  vocal  ligaments  have  nothing  to  do ;  and  we 
have  seen  that  they  are  performed  by  the  instrumentality  of  the  Pneumo- 
gastric  or  proper  Respiratory  nerve  (§§  297,  298). — The  appearances 
which  present  themselves  when  the  interior  of  the  Larynx  is  examined 
during  life  are,  according  to  Prof.  Czermak,  that  in  the  almost  semi- 
lunar space  bounded  by  the  posterior  wall  of  the  Pharynx  (Fig.  214)  and 
the  base  of  the  tongue,  the  upper  curved  free  edge  of  the  epiglottis  (e) 
is  seen,  its  lateral  portions  just  touching  the  posterior  pharyngeal  wall, 
and  its  central  portion  arching  forwards,  so  as  to  leave  an  interval  for 
the  passage  of  air  in  the  median  line.  Near  the  centre  of  the  cleft 
between  the  upper  border  of  the  epiglottis 
and  the  walls  of  the  pharynx,  a  transverse 
band  or  cushion  (c)  is  also  seen,  of  a 
reddish  colour,  and  formed  by  the  edge  of 
the  fold  of  mucous  membrane  sustained 
between  the  two  separated  arytenoid  car- 
tilages (a  a).  The  anterior  outline  of  the 
fold  is  concave  in  front,  and  forms  with 
the  superior  border  of  the  epiglottis, 
which  is  concave  behind  and  situated 
a  little  higher,  a  narrow  transversely- 
elliptical  fissure.  If  the  vowel  a  be  now  sounded  as  in  ah  or  eh, 
I  the  semilunar  space  behind  the  base  of  the  tongue  is  enlarged, 
the  epiglottis  rises  and  separates  from  the  posterior  wall  of  the  pharynx, 
the  glottis  becomes  widely  opened,  and  a  considerable  portion  of  the 
anterior  wall  of  the  trachea  can  be  perceived.  A  small  rounded  swell- 
ing situated  to  the  outer  side  of  the  tubercles  of  Santorini,  which  was 
previously  concealed  by  the  lateral  border  of  the  epiglottis,  now  also 
comes  into  view.  The  movements  of  the  arytenoid  cartilages  during 
the  production  of  vocal  sounds  can  be  very  distinctly  observed  by  the 
laryngoscope,  and  the  account  given  by  Professor  Czermak  possesses 
considerable  interest,  since  it  fully  corroborates  the  views  derived  from 
theory  and  experiment  on  the  dead  subject,  which  had  been  expressed 
before  the  introduction  of  the  instrument.  As  soon  as  we  wish  to  utter 
a  sound,  the  two  arytenoid  cartilages 
raise  themselves  in  the  fold  of  mucous 
membrane  which  covers  them,  and  ap- 
roach  one  another  with  surprising 
obility.  This  movement  effects  the 
pproximation  of  the  vocal  cords,  and 
consequently  the  constriction  of  the 
Glottis  (Fig.  215).  The  study  of  the 
mode  of  formation  of  the  gravest  chest- 
sounds  is  extremely  difficult,  on  account 
>f  the  arytenoid  cartilages  becoming 
-levated  and  rapidly  approaching  one 

mother  until  they  come  almost  into  complete  contact,  whilst  they  bend 
inder  the  border  of  the  depressed  epiglottis  in  such  a  manner  that  the 
atter,  as  viewed  by  the  laryngoscope,  entirely  conceals  the  interior  of 
he  Larynx.    During  the  emission  of  the  most  acute  sounds,  the  Glottis 

3  E 


Fig.  215. 


Condition  of  the  Larynx  during  the 
emission  of  the  broad  vowel  sound  (A): — 
a,  cartilages  of  Santorini  surmounting 
the  arytenoid  cartilages;  e,  epiglottis; 
tec,  inferior  or  true  vocal  cord :  «  v  c, 
superior  or  false  vocal  cord  of  rignt  side. 
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is  contracted  in  a  linear  form  (Fig.  216);  on  each  side  we  perceive  the 
vocal  cords,  distinguished  by  their  whitish-yellow  colour,  and  a  little  tol 

the  outer  side  is  a  narrow  groove  indi-f 
Fl°-  21 6.  eating  the  position  of  the  ventricles  off 

Morgagni.  Further  outwards  again  are|| 
the  false  or  superior  vocal  cords.  These 
parts,  with  the  erected  arytenoid  carti- 
lages, the  epiglottis  pulled  upwards  and 
forwards,  and  the  aryteno-epiglottidian 
ligaments,  together  form  a  short  and  stiff 
tube  situated  above  the  Glottis  ;  the  whole 

Condition  of  the  Larynx  during  the  .ft,-.—,    +1,  _  „_„„„t;  

emission  of  a  i,i8h  or  acute  sound  appeanng,  from  the  sensationswe  ex- 
epigiotiis;  cu,  cushion  of  epiglottis;    perience  during  the  experiment,  to  be  in 

i  v  c,  true  vocal  cord :  » v  c,  i'also  vocal  n  ,       .      »     m,    ,  , 

cord.  a  state  ot  very  great  tension.*    That  the 

aperture  of  the  glottis  is  greatly  narrowed 
during  the  production  of  sounds,  is  easily  made  evident  to  one's- 
self,  by  comparing  the  time  occupied  by  an  ordinary  expiration,  with 
that  required  for  the  passage  of  the  same  quantity  of  air  during 
the  sustenance  of  a  vocal  tone.  Further,  the  size  of  the  aperture  is 
made  to  vary  in  accordance  with  the  note  which  is  being  produced;  of 
this,  too,  any  one  may  convince  himself,  by  comparing  the  times  during 
which  he  can  hold  out  a  low  and  a  high  note  ;  from  which  it  will 
appear  that  the  aperture  of  the  glottis  is  so  much  narrowed  in  pro- 
ducing a  high  note,  as  to  permit  a  far  less  rapid  passage  of  air  than  is  I 
allowed  when  a  low  one  is  sounded.  According  to  Kempelen  noj 
sound  is  elicited  when  the  distance  between  the  Chorda?  Vocales  exceedsl 
l-10th  to  l-12th  of  an  inch.  The  muscular  movements  concerned  inj 
the  act  of  vocalization,  appear  to  be  called-forth  by  the  instrumentality  [ 
of  the  motor  fibres,  partly  derived  from  the  Spinal  Accessory  nerve,  | 
which  are  contained  in  the  Pneumogastric  (§  495). 

701.  We  have  now  to  inquire  what  is  the  operation  of  the  Vocall 
Ligaments  in  the  production  of  sounds ;  and  in  order  to  comprehend  this,! 
it  is  necessary  to  advert  to  the  conditions  under  which  tones  are  pro-| 
duced  by  instruments  of  various  descriptions  having  some  analogy  wit) 
the  Larynx.  These  are  chiefly  of  three  kinds  ;  strings,  flute-pipes,  anc 
reeds  or  tongues. — The  Vocal  Ligaments  were  long  ago  compared  by 
Ferrein  to  vibrating  strings  ;  and  at  first  sight  there  might  seem  a  c°n1 
siderable  analogy,  the  sounds  which  both  produce  being  elevated  byl 
increased  tension.  This  resemblance  disappears,  however,  on  more  accu-j 
rate  comparison ;  for  it  may  be  easily  ascertained  by  experiment,  tha  noi 
string  so  short  as  the  vocal  ligaments  could  give  a  clear  tone  at  ah  % 
compared  in  depth  with  that  of  the  lowest  notes  of  the  human  v°lC*5  I 
also,  that  the  scale  of  changes  produced  by  increased  tensl0V^°  ( 
mentally  different.  When  strings  of  the  same  length  but  ot  din^ 
tensions  are  made  the  subject  of  comparison,  it  is  found  that  ™?\QrcJ 
of  vibrations  is  in  proportion  to  the  square-roots  of  the  extenj^°n0te>  j 
Thus,  if  a  string  extended  by  a  given  weight  produce  a  certau  ^ 
string  extended  by  four  times  that  weight  will  give  a  note  in 

*  "  On  the  Laryngoscope,"  Syd.  Soc.  trans.,  1861,  pp.  37-8 :  *J  *Jg  ju.D. 
Laryngoscope,"  by  George  D.  Gibb,  M.D.,  London,  1863.    Morcll  Mackenzi  , 
"The  Use  of  the  Laryngoscope,"  3rd  edit.,  1869. 
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orations  are  twice  as  rapid;  and  this  will  be  the  octave  of  the  other.  If 
ie  times  the  original  weight  be  employed,  the  vibrations  will  be  three 
les  as  rapid  as  those  of  the  fundamental  note,  producing  the  twelfth 
>ve  it.    Now  by  fixing  the  larynx  in  such  a  manner  that  the  vocal 
inients  can  be  extended  by  a  known  weight,  Miiller  has  ascertained 
t  the  sounds  produced  by  a  variation  of  the  extending  force  do  not 
i  ow  the  same  ratio ;  and  therefore  the  condition  of  these  ligaments 
I  not  be  simply  that  of  vibrating  cords.    Further,  although  a  cord  of  a 
I  sain  length,  which  is  adapted  to  give-out  a  clear  and  distinct  note 
I  al  in  depth  to  the  lowest  of  the  human  voice,  may  be  made  by  in- 
ised  tension  to  produce  all  the  superior  notes  (which,  in  stringed 
I.  ruments,  are  ordinarily  obtained  by  shortening  the  strings),  it  does 
follow  that  a  short  string,  which,  with  moderate  tension,  naturally 
j  luces  a  high  note,  should  be  able,  by  a  diminution  of  the  tension,  to 
I  :-out  a  deep  one ;  for,  although  this  might  be  theoretically  possible, 
1  it  cannot  be  accomplished  in  practice ;  since  the  vibrations  become 
i  ^ular  on  account  of  the  diminished  elasticity.*  These  considerations 
jlr  in  themselves  sufficient  to  destroy  the  supposed  analogy ;  and  to 

I  -e  that  the  Chordae  Vocales  cannot  be  reduced  to  the  same  category 
l\i  vibrating  strings. 

'  h  )2.  The  next  kind  of  instrument  with  which  some  analogy  might 
triispected,  is  the  flute-pipe,  in  which  the  sound  is  produced  by  the 
ration  of  an  elastic  column  of  air  contained  in  the  tube;  and  the 
j  1  of  the  note  is  determined  almost  entirely  by  the  length  of  the 
i  I  nn,  although  slightly  modified  by  its  diameter,  and  by  the  nature 

I I  te  embouchure  or  mouth  from  which  it  issues.  This  is  exemplified 
v  e  German  Flute,  and  in  the  English  Flute  or  Flageolet  ;  in  both  of 
I  h  instruments  the  acting  length  of  the  pipe  is  determined  by  the 
I:  val  between  the  embouchure  and  the  nearest  of  the  side-apertures ; 
i  >ening  or  closing  which,  therefore,  a  modification  of  the  tone  is  pro - 

ftcL    In  the  Organ,  of  which  the  greater  number  of  pipes  are  con- 
I  ted  upon  this  plan,  there  is  a  distinct  pipe  for  every  note  ;  and  their 
I  h  increases  in  a  regular  scale.  It  is,  in  fact,  with  flute-pipes  as  with 
,il;s, — that  a  diminution  in  length  causes  an  increase  in  the  number 
I  bration3,  in  a  simply-inverse  proportion ;  so  that  of  two  pipes,  one 
r '  half  the  length  of  the  other,  the  shorter  will  give  a  tone  which  is 
l\  ctave  above  the  other,  the  vibrations  of  its  column  of  air  being  twice 
j  ?id.  Now  there  is  nothing  in  the  form  or  dimensions  of  the  column 
1   between  the  larynx  and  the  mouth,  which  can  be  conceived  to 
I  r  it  at  all  capable  of  such  vibrations  as  are  required  to  produce  the 
L  of  the  Human  voice  ;  though  there  is  some  doubt  whether  it  be  not 
I  ;ent  in  the  musical  tones  of  certain  Birds.    The  length  that  would 
I  [aired  in  an  open  pipe  to  give  the  lowest  G  of  the  ordinary  bass 
^|   is  nearly  six  feet;  and  the  conditions  necessary  to  produce  the 
-I  f  notes  from  it,  are  by  no  means  those  which  we  find  to  exist  in 
I  -ocess  of  modulating  the  human  voice. 
•  I  '•  We  now  come  to  the  third  class  of  instruments,  in  which  sound 
I  duced  by  the  vibration  of  reeds  or  tongues ;  these  may  either  possess 

ma  it  would  be  impossible  to  product;  good  Jhiss  notes  on  the  strings  of  a 
<>  [>y  diminishing  their  tension  ;  the  length  idl'orded  by  the  Violoncello  or  Double 
•{  requisite. 
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elasticity  in  themselves,  or  be  made  elastic  by  tension.    The  '  free'  reeds 
of  the  Accordion,  Concertina,  Seraphine,  Harmonium,  &c,  are  examples 
of  instruments  of  this  character,  in  which  the  lamina  vibrates  in  a  sort 
of  frame  that  allows  the  air  to  pass-out  on  all  sides  of  it  through  a  narrow 
channel,  thus  increasing  the  strength  of  the  blast :  whilst  in  the  Hautboy, 
Bassoon,  &c,  and  in  the  Organ-pipes  of  similar  construction,  the  reed 
covers  an  aperture  at  the  side  of  one  end  of  a  pipe.    In  the  former  kind, 
the  sound  is  produced  by  the  vibration  of  the  tongue  alone,  and  is  regu- 
lated entirely  by  its  length  and  elasticity ;  whilst  in  the  latter  its  pitch  is 
dependent  iipon  this  conjointly  with  the  length  of  the  tube,  the  column 
of  air  contained  in  which  is  thrown  into  simultaneous  vibration.  Some 
interesting  researches  on  the  effect  produced  on  the  pitch  of  a  sound 
given  by  a  reed  through  the  union  of  it  with  a  tube,  have  been  made  by 
M.  W.  Weber;  and,  as  they  are  important  in  furnishing  data  by  which 
the  real  nature  of  the  vocal  organ  may  be  determined,  their  chief  results 
will  be  here  given. — I.  The  pitch  of  a  reed  may  be  loAvered,  but  cannot 
be  raised,  by  joining  it  to  a  tube.    II.  The  sinking  of  the  pitch  of  the 
reed  thus  produced  is  at  the  utmost  not  more  than  an  octave,  m.  The 
fundamental  note  of  the  reed  thus  lowered  may  be  raised  again  to  its 
original  pitch  by  a  further  lengthening  of  the  tube,  Avhilst  by  a  further 
increase  it  is  again  lowered,    iv.  The  length  of  tube  necessary  to  lower 
the  pitch  of  the  instrument  to  any  given  point,  depends  on  the  relation 
which  exists  between  the  frequency  of  the  vibrations  of  the  tongue  of  the 
reed,  and  those  of  the  column  of  air  in  the  tube,  each  taken  separately. — 
From  these  data,  and  from  those  of  the  preceding  paragraph,  it  follows 
that,  if  a  wind-instrument  can,  by  the  prolongation  of  its  tube,  be  made 
to  yield  tones  of  any  depth  in  proportion  to  the  length  of  the  tube,  it  ! 
must  be  regarded  as  a  flute-pipe ;  whilst  if  its  pitch  can  only  be  lowered 
an  octave  or  less  (the  embouchure  remaining  the  same)  by  lengthening 
the  tube,  we  may  be  certain  that  it  is  a  reed  instrument.    The  latter 
proves  to  be  the  case  in  regard  to  the  Larynx. 

704.  It  is  evident  from  the  foregoing  considerations,  that  the  action  of 
the  Larynx  has  more  analogy  to  that  of  reed  instruments,  than  it  has  to  I 
that  either  of  vibrating  strings,  or  of  flute-pipes  ;  and  though  there  would 
seem,  at  first  sight,  to  be  a  marked  difference  in  character  between  the 
vocal  ligaments  and  the  tongue  of  any  reed  instrument,  this  difference  is  I 
really  by  no  means  considerable.    In  a  reed,  elasticity  is  a  property  of  I 
the  tongue  itself,  when  fixed  at  one  end,  the  other  vibrating  freely ;  but  | 
by  a  membranous  lamina,  fixed  in  the  same  manner,  no  tone  would  be 
produced.    If  such  a  lamina,  however,  be  made  elastic  by  a  moderate 
degree  of  tension,  and  be  fixed  in  such  a  manner  as  to  be  advantageously  I 
acted-on  by  a  current  of  air,  it  will  give  a  distinct  tone.   It  is  observed  I 
by  Miiller,  that  membranous  tongues  made  elastic  by  tension  may  have 
either  of  three  different  forms :— i.  That  of  a  band  extended  by  a  cord, 
and  included  between  two  firm  plates,  so  that  there  is  a  cleft  tor  tn  | 
passage  of  air  on  each  side  of  the  tongue,    ir.  The  elastic  membrane  may 
be  stretched  over  the  half  or  any  portion  of  the  end  of  a  short  tube, ,  u 
other  part  being  occupied  by  a  solid  plate,  between  which  and  the  eia 
membrane  a  narrow  fissure  is  left.    m.  Two  elastic  membranes  ma} 
extended  across  the  mouth  of  a  short  tube,  each  covering  a  portion  o 
opening,  and  having  a  chink  left  open  between  them.— 1  his  lasi  . 
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dently  the  form  most  allied  to  the  Human  Glottis ;  but  it  may  be  made 
to  approximate  still  more  closely,  by  prolonging  the  membranes  in  a 
direction  parallel  to  that  of  the  current  of  air,  so  that  not  merely  their 
edges,  but  their  whole  planes,  shall  be  thrown  into  vibration.  Upon  this 
principle,  a  kind  of  artificial  glottis  has  been  constructed  by  Mr.  Willis  ; 
the  conditions  of  action  and  the  effects  of  which  are  so  nearly  allied  to 
that  of  the  real  instrument,  that  the  similar  character  of  the  two  can 
scarcely  be  doubted.  The  following  is  his  description  of  it.  "  Let  a 
wooden  pipe  be  prepared  of  the  form  of  Fig.  217  a,  having  a  foot,  c,  like 
that  of  an  organ-pipe,  and  an 

upper  opening,  long  and  narrow,  Fia.  217. 

as  at  b,  with  a  point,  a,  rising  at 

one  end  of  it.     If  a  piece  of 

leather,  or  still  better,  of  sheet 

India-rubber,  be  doubled  round 

this  point,  and  secured  by  being 

bound  round  the  pipe  at  d  with 

strong  thread,  as  in  Fig.  2.17  b,  it 

will  give  us  an  artificial  glottis 

with  its  upper  edges  g  h,  which 

may  be  made  to  vibrate  or  not,  at 

pleasure,  by  inclining  the  planes 

jf  the  edges.    A  couple  of  pieces 

rf  cork,  e  F,  may  be  glued  to  the 

:orners,   to   make    them  more 

i  nanageable.     From  this  machine 

k'arious  notes  may  be  obtained,  by 
tretching  the  edges  in  the  direc- 
ion  of  their  length  g  h  ;  the  notes  rising  in  pitch  with  the  increased 
ension,  although  the  length  of  the  vibrating  edge  is  increased.  It 
i  true  that  a  scale  of  notes  equal  in  extent  to  that  of  the  human 

I  01ce  cannot  be  obtained  from  edges  of  leather ;    but  this  scale  is 
inch  greater  in  India-rubber  than  in   leather,  and  the  elasticity 

j  f  them  both  is  so  much  inferior  to  that  of  the  vocal  ligaments, 

1  hat  we   may  readily  infer  that  the   greater   scale  of    the  latter 

j  ?  due  to  its  greater  elastic  powers."    By  other  experimenters  the 

I'.ssue  forming  the  middle  coat  of  the  arteries  has  been  used  for  this 
'irpose,  in  the  moist  state,  with  great  success ;  with  this,  the  tissue  of 

I  ie  vocal  ligament  is  nearly  identical.    It  is  worthy  of  remark  that,  in 

1 11  such  experiments,  it  is  found  that  the  two  membranes  may  be  thrown 

|<ito  vibration,  when  inclined  towards  each  other  in  various  degrees, 

1  r  even  when  they  are  in  parallel  planes,  and  their  edges  only  approxi- 

|  'ate ;  but  that  the  least  inclination  from  each  other  (which  is  the 

I  osition  the  vocal  ligaments  have  during  the  ordinary  state  of  the 

I  l°ttis,  §  700),  completely  prevents  any  sonorous  vibrations  from  being 

Induced. 

I  705.  The  pitch  of  the  notes  produced  by  membranous  tongues  may  be 
I  Fected  in  several  ways.  Thus,  an  increase  in  the  strength  of  the  blast, 
I  hich  has  little  influence  on  metallic  reeds,  raises  their  pitch  very  con- 
I  derably :  and  in  this  manner  the  note  of  a  membranous  reed  may  be 
|  ised  by  semitones,  to  as  much  as  a  fifth  above  the  fundamental.  The 
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addition  of  a  pipe  has  nearly  the  same  effect  on  their  pitch,  as  on  that  of 
metallic  reeds ;  but  it  cannot  easily  be  determined  with  the  same  pre- 
cision. Several  different  notes  may  be  produced  with  a  pipe  of  the  same 
length ;  but  there  is  a  certain  length  of  the  column  of  air,  which  is  the 
one  best  adapted  for  each  tone.  It  has  been  recently  ascertained,  more- 
over, that  the  length  of  the  pipe  prefixed  to  the  reed  has  a  considerable 
influence  on  its  tone,  rendering  it  deeper  in  proportion  as  it  is  pro- 
longed, down  to  nearly  the  octave  of  the  fundamental  note ;  but  the 
pitch  then  suddenly  rises  again,  as  in  the  case  of  the  tube  placed  beyond 
the  reed.  The  researches  of  Muller,  however,  have  not  succeeded  in 
establishing  any  very  definite  relation  between  the  lengths  of  the  two  tubes, 
in  regard  to  their  influence  on  the  pitch  of  the  reed  placed  between  thein. 

706.  From  the  foregoing  statements  it  appears,  that  the  true  theory  of 
the  Voice  may  now  be  considered  as  well  established,  in  regard  to  this 
essential  particular, — that  the  sound  is  the  result  of  the  vibrations  of  the 
vocal  ligaments,  which  take  place  according  to  the  same  laws  with  those 
of  metallic  or  other  elastic  tongues  :  and  that  the  pitch  of  the  notes  is 
chiefly  governed  by  the  tension  of  these  lamina?.*  With  respect,  how- 
ever, to  the  mode  and  degree  in  which  these  tones  are  modified  by  the 
shape  of  the  air-passages  both  above  and  below  the  larynx,  by  the  force 
of  the  blast  and  by  other  concurrent  circumstances,  little  is  certainly 
known  ;  but  no  doubt  can  be  felt  that  these  modifications  are  of  great 
importance,  when  we  observe  the  great  amount  of  muscular  action  which 
takes  place  consentaneously  with  the  production  of  vocal  tones,  and 
which  seems  designed  to  alter  the  length  and  tension  of  the  various 
parts  of  the  weal  tube,  so  that  they  may  vibrate  synchronously  with  the 
vocal  cords.  Thus,  during  the  ascent  of  the  voice  from  the  deeper  to  the 
higher  notes  of  the  scale,  we  find  the  whole  larynx  undergoing  an  eleva- 
tion towards  the  base  of  the  cranium,  the  thyroid  cartilage  being  drawn 
up  within  the  os-hycides,  so  as  even  to  press  on  the  epiglottis ;  at  the 
same  time,  the  small  space  between  the  thyroid  and  cricoid  cartilages,  or 
crico-thyroid  chink,  is  closed  by  the  depression  of  the  front  of  the  former 
upon  the  latter  (§  G98)  ;  the  velum  palati  is  depressed  and  curved  for- 
wards ;  and  the  tonsils  approach  one  another.  The  reverse  of  all  these 
movements  takes  place  during  the  descent  of  the  voice. — A  very  impor- 
tant adjunct  to  the  production  of  the  higher  notes  has  been  pointed-out 
by  Muller,  as  being  afforded  by  the  modification  in  the  space  included 
between  the  two  sides  of  the  thyroid  cartilage,  which  is  effected  by  the 
thyro-arytenoidei.  He  had  experimentally  ascertained  that  the  intro- 
duction of  a  hollow  plug  into  the  upper  end  of  the  pipe  beneath  his 
artificial  larynx  (and  therefore  just  below  the  reed),  by  diminishing  its 
*  It  is  considered,  however,  by  Mr.  Bishop  ("  Cyclop,  of  Anat.  and  Physiol.,'' J<k 
iv.  p.  I486),  that  the  vocal  apparatus  combines  the  properties  of  a  stretclie a  ^  ^ 
membranous  pipe  with  a  column  of  air  vibrating  in  it,  and  a  reed:  and  is  ^J'.^  un. 
type,  of  which  these  instruments  are  only  imperfect  adaptations.  Ihe  Au 
able,  however,  to  deduce  from  Mr.  Bishop's  previous  statements  the  ^oU™ 
which  he  makes  this  assertion  ;  and  does  not  understand  how  any  instl"?"'  are  so 
combine  the  actions  of  strings  and  of  tongues,  the  laws  oi  whose  viurai  ^ 
different.  That  the  column  of  air  in  the  air-passages  is  thrown  into  vl^"\fieg ^ 
scntaneously  with  the  production  of  sound  by  the  vocal  cords,  and  inte  fl 
sound  by  reciprocation,  can  scarcely  be  doubted;  but  the  reasons  previ ou  j 
appear  to  the  Author  sufficient  to  disprove  the  notion  that  this  vibration  is 
essential  to  the  production  of  the  vocal  tone,  than  it  is  in  the  reed-pipe  oi  e 
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I  aperture,  produced  a  considerable  elevation  of  the  tone.  The  action  maj 
[  be  imitated  in  the  human  larynx,  when  made  the  subject  of  experiment, 
I  by  compressing  the  thyroid  cartilage  laterally  ;  and  in  this  manner,  the 
[  natural  voice  can  be  made  to  extend  through  a  range  that  could  other  - 
1  wise  be  only  reached  by  a  falsetto.  The  influence  of  the  prefixed  and 
I  superadded  tubes,  in  modifying  the  tones  produced  by  the  Human  larynx, 
t  has  been  found  by  Prof.  Mtiller  not  to  be  at  all  comparable  to  that  which 

they  exercised  over  the  artificial  larynx  ;  the  reason  of  which  difference 

does  not  seem  very  apparent.  It  appears,  however,  that  there  is  a  certain 
t  length  of  the  prefixed  tube — as  there  is  a  certain  distance  of  the  vibrating 

.laminae,  and  a  certain  length  or  form  of  the  tube  above, —  which  is  most 
fei favourable  to  the  production  of  each  note  ;  and  the  downward  movement 
i  rf  the  whole  vocal  organ,  which  takes-place  when  we  are  sounding  deep 
j  jotes,  and  its  rise  during  the  elevation  of  the  tones,  have  been  supposed 
:  ;o  answer  the  purpose  of  making  this  adjustment  in  the  length  of  the 
I  rachea;  but  this  requires  the  supposition  that  the  real  length  of  the 

■rachea  is  shortened  whilst  it  appears  extended, — for  which  there  seems 
|  io  foundation.    It  is  considered  by  Mr.  Wheatstone,  that  the  column  of 
i|:iir  in  the  trachea  may  divide  itself  into  'harmonic  lengths,'  and  may 
j  )roduce  a  reciprocation  of  the  tone  given  by  the  vocal  ligaments  (§  649)  ; 
i  md  in  this  manner  he  considers  that  the  falsetto  notes  are  to  be  explained. 

t  may  be  added  that  the  partial  closing  of  the  epiglottis  seems  to  assist 
In  the  production  of  deep  notes,  just  as  the  partial  covering  of  the  top  of 
I .  short  pipe  fixed  to  a  reed  will  lower  its  tone ;  and  that  something  of 
his  kind  takes  place  during  natural  vocalisation,  would  appear  from  the 
bftretraction  and  depression  of  the  tongue,  which  accompany  the  lowering 
I'  f  the  front  of  the  head  when  the  very  lowest  notes  are  being  sounded. 

.lie  experiments  of  Savart  have  shown,  that  a  cavity  which  only  responds 
i  o  a  shrill  note,  when  its  walls  are  firm  and  dry,  may  be  made  to  afford 
!  great  variety  of  lower  tones,  when  its  walls  are  moistened  and  relaxed 
I  i  various  degrees.  This  observation  may  probably  be  applied  also  to 
I' lie  trachea. 

707.  The  falsetto  is  a  peculiar  modification  of  the  voice,  differing  from 

I'he  '  chest-voice,'  not  merely  in  the  higher  pitch  of  its  notes,  but  also  in 
•  |<aeir  quality  ;  its  tones  being  less  reedy,  and  more  like  the  '  harmonic 

\  otes '  of  stringed  and  wind  instruments.  In  some  individuals,  the 
hest-voice  passes  by  imperceptible  gradations  into  the  falsetto,  whilst  in 

I  thers  the  transition  is  abrupt ;  and  some  persons  can  sound  the  same 
fcrotes  in  the  two  different  registers,  these  notes  forming  the  upper  part  of 
>*ie  scale  of  the  chest-voice,  and  the  lower  part  of  the  falsetto.* — With 

pgard  to  the  theory  of  the  production  of  the  falsetto  voice,  there  has 
(Feen  considerable  difference  of  opinion  amongst  Physiologists;  and  it 

linnot  be  regarded  as  fully  determined.    By  Magendie  and  Mayo  it  was 

r  *  Thus  a  gentleman  of  the  Author's  acquaintance  has  a  bass  voice  of  a  harsh  reedy 
I  laracter,  ranging  from  the  D  below  the  bass  cleft'  to  the  JD  above  it  (two  octaves) ; 
[  '"'st  hi"  falsetto,  which  is  remarkable  for  its  clearness  and  smoothness,  ranges  from 
I  e  A  on  the  highest  line  of  the  bass  cleft'  to  the  E  in  the  highest  space  of  the  treble 
I  eff.  Hence  there  are  five  notes  common  to  the  two  registers,  and  the  entire  voice 
I  nges  through  more  than  three  octaves  ;  but  from  want  of  a  gradual  passage  from  one 
the  other,  this  gentleman  can  only  sing  bass  parts  with  his  chestvoice,  or  alto 
I  irts  with  his  falsetto,  the  tenor  scale  extending  above  the  range  of  one,  and  below  that 
1  f  the  other. 
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maintained  that  these  tones  are  produced  by  the  vibration  of  the  vocal 
cords  along  only  half  their  length,  the  rima  glottidis  being  partly  closed ; 
and  this  explanation  is  consistent  with  the  fact,  that  a  far  smaller 
quantity  of  air  is  required  for  sustaining  a  falsetto  note,  than  for  a  note 
of  the  ordinary  register,  even  though  they  should  be  of  the  same  pitch. 
By  Midler,  again,  it  is  asserted  that  in  the  production  of  the  falsetto 
notes,  merely  the  thin  border  of  the  glottis  vibrates,  so  that  the  fissure 
remains  distinctly  visible  ;  whilst,  in  the  production  of  the  ordinary  vocal 
tones,  the  whole  breadth  of  the  vocal  ligaments  is  thrown  into  strong 
vibrations,  which  traverse  a  wider  space,  so  that  a  confused  motion  is 
seen  in  the  lips  of  the  glottis,  rendering  its  fissure  indefinite.    It  is  not 
impossible  that  both  these  doctrines  may  be  correct :  and  that,  in  the 
production  of  falsetto  notes,  the  vocal  ligaments  are  in  contact  with  each 
other  for  part  of  their  length,  their  thin  edges  only  being  in  vibration  in 
the  remainder.    It  has  been  pointed-out  by  Mr.  Bishop  (loc.  cit.),  that 
at  the  moment  of  transition  from  the  '  chest-voice'  to  the  '  falsetto-voice,' 
the  crico-thyroid  chink,  which  was  closed  during  the  production  of  the 
highest  note  of  the  former,  suddenly  opens  on  the  production  of  the  lowest 
note  of  the  latter ;  thus  indicating  that  the  Vocal  Cords  are  relaxed  in 
the  passage  from  the  one  to  the  other,  as  must  be  the  case,  if,  for  the 
production  of  the  same  note,  they  be  only  put  in  vibration  along  a  part 
of  their  length  ;  so  that  it  would  not  seem  improbable  that  the  cause  of 
those  differences  in  the  mode  of  transition  which  have  been  already  no- 
ticed, lies  in  the  differences  in  the  proportional  amount  of  the  vocal  cords, 
which  is  thus  thrown-out  of  use  by  the  partial  approximation  of  the  two 
lips  of  the  rima  glottidis.  It  is  further  remarked  by  Mr.  Bishop,  that,  in 
the  passage  from  the  chest-  to  the  falsetto-voice,  the  larynx  descends 
from  its  previously-elevated  position,  and  gradually  rises  again  with  the 
ascending  scale  of  ialsetto-notes  ;  and  he  mentions  a  case  of  double  falsetto, 
in  which  a  third  register  existed,  and  in  which  the  relaxation  of  the 
Vocal  cords  and  the  descent  of  the  larynx  were  observed  at  its  com- 
mencement, as  at  the  commencement  of  the  second  or  ordinary  falsetto 
register. — An  entirely  different  theory  of  the  falsetto  has  been  given, 
however,  by  MM.  Petrequin  and  Diday  ;*  who  consider  that  the  falsetto 
notes  are  not  produced  by  the  vibration  of  the  vocal  cords,  but  are  really 
1  flute-notes,'  formed  by  the  vibrations  of  the  column  of  air  to  which  the 
rima  glottidis  then  serves  as  the  embouchure.    This  view  harmonizes 
well  with  some  of  the  phenomena  of  the  falsetto-voice ;  but  it  is  open  to 
the  objections  already  stated  in  regard  to  the  flute-theory  generally. 
According  to  M.  Garcia,  again,f  in  the  production  of  the  falsetto  register 
the  external  fibres  of  the  lateral  crico-arytenoid  muscle  remain  inactive, 
whilst  the  lips  of  the  glottis,  stretched  by  the  horizontal  bundle  of  tM 
thyro-arytenoid,  come  in  contact  by  their  edge  alone,  and  offer 
resistance  to  the  air.   In  the  chest-voice,  on  the  contrary,  the  contract^ 
of  the  lateral  crico-ary  tenoids  gives  a  rotatory  movement  to  the  cartilages, 
and  increases  the  depth  of  the  surface  of  contact  of  the  two  JlSanie"  '3 
and  it  is  to  this  circumstance  that  the  peculiar  amplitude  of  the  n 
of  the  chest-register  is  attributable.    It  may  be  added  that  sonie  of 
attempted  to  show,  that  the  falsetto  depends  upon  a  peculiar  actio 

*  "  Gazette  Mtfdicale,"  1844. 
f  "  Proceedings  of  the  Royal  Society,"  vol.  vii.  p.  408. 
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the  parts  above  the  larynx  ;  but  for  this  doctrine  there  is  no  foundation 
w  hatever. — The  pressure  of  the  air  within  the  Trachea  during  the  pro- 
duction of  voice  is  considerable.  Cagniard  Latour  observed  in  a  man 
with  a  tracheal  fistula,  that  the  pressure  indicated  by  a  manometer  when 
the  patient  called  out  at  the  top  of  his  voice,  was  equal  to  a  column  of 
water  38  inches  in  height ;  when  he  spoke  at  his  usual  pitch,  to  one  of 
5  inches ;  and  when  he  sang  a  high  note,  to  one  of  about  8  inches. 
The  deepest  notes  the  human  Larynx  is  capable  of  producing  have  about 
80  double  vibrations  in  the  second,  the  highest  about  992  ;  the  former 
occurring  in  bass,  the  latter  in  soprano  voices.  Donders*  gives  the 
limits  at  44  vibrations,  corresponding  to  the  F  of  the  lowest  bass  voice, 
ind  1408  for  the  highest  note  corresponding  to  the  highest  f"  of  the 
soprano,  which,  includes  5  octaves. 

708.  The  various  muscular  actions  which  are  employed  in  the  produc- 
,ion  and  regulation  of  the  Voice,  are  called-forth  by  an  impulse  which 
ias  been  shown  (§§  539,  544)  to  be  really  automatic  in  its  operation, 
md  to  be  completely  under  the  influence  of  guiding  sensations,  although 
lsually  originating  in  a  Volitional  determination,  or  giving  expression  to 
Amotions  or  simply  to  Ideas.    This,  however,  has  been  proved  to  be  also 
rue  of  all  Volitional  movements ;  so  that  the  production  of  vocal  tones 
constitutes  no  real  exception.    It  may  be  safely  affirmed,  that  the  simple 
•  itterance  of  sounds  is  in  itself  an  Instinctive  action  ;  although  the  combi- 
lation  of  these,  whether  into  music  or  into  articulate  language,  is  a  matter 
I  >f  acquirement,  which  is  much  more  readily  made  by  some  individuals 
han  by  others.    No  definite  tone  can  be  produced  by  a  Voluntary  effort, 
'  tnless  that  tone  be  present  to  the  consciousness  during  an  interval — 
owever  momentary, — either  as  immediately  produced  by  an  act  of  Sen- 
ation,  recalled  by  an  act  of  Conception,  or  anticipated  by  an  effort  of 
he  Imagination.    When  thus  present,  the  Will  can  enable  the  muscles  to 
ssume  the  condition  requisite  to  produce  it ;  but  under  no  other  circum- 
tances  does  this  happen,  except  through  the  particular  mode  of  discipline 
y  which  the  congenitally-deaf  may  be  trained  to  speak.    Such  persons 
re  debarred  from  learning  the  use  of  Voice  in  the  ordinary  manner  ;  for 
\  he  necessary  guidance  cannot  be  afforded,  either  through  sensations  of 
\  he  present  or  conceptions  of  the  past,  and  the  imagination  is  entirely 
estitute  of  power  to  suggest  that  which  has  been  in  no  shape  experienced. 
:  »ut  they  may  be  taught  to  acquire  an  imperfect  speech,  by  causing  them 
I J  imitate  particular  muscular  movements,  which  they  may  be  made  to 
ie ;  being  guided  in  the  imitation  of  those  movements,  in  the  first  place 
|  y  watching  their  own  performance  of  them  in  a  looking-glass,  and  after- 
ards  by  attending  to  the  muscular  sensations  which  accompany  them, 
[any  instances,  indeed,  are  on  record,  in  which  persons  entirely  deaf 
|  ere  enabled  to  carry-on  a  conversation  in  the  regular  way ;  judging  of 
f  hat  was  said  by  the  movements  of  the  lips  and  tongue,  which  they  had 
j  arned  to  connect  with  particular  syllables ;  and  regulating  their  own 
j  nces  in  reply,  by  their  voluntary  power,  guided  in  its  exercise  by  their 
|  uscular  sensations.f 

*  Dr.  Moore's  Translation  in  Humphry  and  Turner's  "  Journ.  of  Anat.  and  Physio- 
t?y,  vol.  i.  1867,  p.  173. 

t  See  Dr.  Johnstone  "On  Sensation,"  p.  128. 
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2.  Of  Articulate  Sounds. 

709.  The  larynx,  as  now  described,  is  capable  of  producing  those  tones 
of  which  Voice  fundamentally  consists,  and  the  sequence  of  which  becomes 
Music  :  but  Speech  consists  in  the  modification  of  the  laryngeal  tones,  by 
other  organs  intervening  between  the  Glottis  and  the  Os  externum,  so  as 
to  produce  those  articulate  sounds  of  which  language  is  formed.  It  can- 
not be  questioned  that  Music  has  its  language ;  and  that  it  is  susceptible 
of  expressing  Emotional  states  of  the  mind  (among  those,  at  least,  who 
have  been  accustomed  to  associate  these  with  its  varied  modes)  to  even 
a  higher  degree  than  articulate  speech.  But  it  is  incapable  of  address- 
ing the  Intellect,  by  conveying  definite  ideas  of  objects,  properties, 
actions,  &c,  in  any  other  way  than  by  a  kind  of  imitation,  which  may  be 
compared  to  the  signs  used  in  hieroglyphic  writing.  These  ideas  it  is  the 
peculiar  province  of  Articulate  Language  to  convey  ;  and  we  find  that 
the  vocal  organ  is  adapted  to  form  a  large  number  of  simple  sounds, 
which  may  be  readily  combined  into  groups,  forming  words.  The  num- 
ber of  combinations  which  can  be  thus  produced  is  so  inexhaustible,  that 
every  language  has  its  own  peculiar  series ;  no  difficulty  being  found  in 
forming  new  ones  to  express  new  ideas.  There  is  considerable  diversity 
in  different  languages,  even  with  regard  to  the  use  of  the  simplest  of  these 
combinations  ;  some  of  them  are  more  easy  of  formation  than  others,  and 
these  accordingly  enter  into  the  composition  of  all  languages ;  whilst  of 
the  more  difficult  ones,  some  are  employed  in  one  language,  some  in 
another, — no  one  language  possessing  them  all.  Without  entering  into 
any  detailed  account  of  the  mechanism  required  to  produce  each  of 
these  simple  sounds,  a  few  general  considerations  will  be  offered  in  re- 
gard to  the  classification  of  them  ;  and  the  peculiar  defect  of  articulation 
termed  Stammering  will  be  briefly  treated-of. 

710.  Vocal  sounds  are  divided  into  Vowels  and  Consonants;  and 
the  distinctive  characters  of  these  are  usually  considered  to  be,  that  the 
Vowels  are  produced  by  the  Voice  alone,  whilst  the  sound  of  the  Con- 
sonant is  formed  by  some  kind  of  interruption  to  the  voice,  so  that  they 
cannot  be  properly  expressed  unless  conjoined  with  a  vowel.    The  dis- 
tinction may  be  more  correctly  laid-down,  however,  in  this  manner : 
the  Vowel-sounds  are  continuous  tones,  modified  by  the  form  of  the 
aperture  through  which  they  pass-out ;  whilst  in  sounding  Consonants, 
the  breath  suffers  a  more  or  less  complete  interruption  in  its  passage 
through  parts  anterior  to  the  larynx.    Hence  the  really-simple  Vowel- 
sounds  are  capable  of  prolongation  during  any  time  that  the  breath  can 
sustain  them  ;  this  is  not  the  case,  however,  with  the  real  Diphthongal 
sounds  (of  which  it  will  presently  appear  that  the  English  t  is  one) ; 
whilst  it  is  true  of  some  Consonants.    It  seems  to  have  been  forgotten 
by  many  of  those  who  have  written  upon  this  subject,  that  the  laryngeal 
voice  is  not  essential  to  the  formation  of  either  vowels  or  co»sona^' 
ibr  all  may  be  sounded  in  a  whisper.    It  is  very  evident,  therefore,  tn 
the  larynx  is  not  primarily  concerned  in  their  production  ;  and  tins  i.- 
been  fully  established  by  the  following  experiment.    A  flexible  t 
was  introduced  by  M.  Deleau  through  his  nostril  into  the >  pharynx, ,  au 
air  was  impelled  by  it  into  the  fauces ;  then,  closing  the  larynx, ^ 
threw  the  fauces  into  the  different  positions  requisite  ior  proau  5 
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articulate  sounds,  when  the  air  impelled  through  the  tube  became  an 
audible  whisper.  The  experiment  was  repeated,  with  this  variation, — that 
the  laryngeal  sounds  were  allowed  to  pass  into  the  fauces  ;  and  each  arti  • 
culated  letter  was  then  heard  double,  in  a  proper  voice  and  in  a  whisper. 

711.  That  the  Vowels  are  produced  by  simple  modifications  in  the 
form  of  the  external  passages,  is  easily  proved  both  by  observation  and 
by  imitative  experiment.  When  the  mouth  is  opened  wide,  the  tongue 
depressed,  and  the  velum  palati  elevated,  so  as  to  give  the  freest  pos- 
sible exit  to  the  voice,  the  vowel  a  in  its  broadest  form  (as  in  ah)  is 
sounded.*  On  the  other  hand,  if  the  oral  aperture  be  contracted,  the 
tongue  being  still  depressed,  the  sound  oo  (the  continental  u)  is  produced. 
If  attention  be  paid  to  the  state  of  the  buccal  cavity,  during  the  pro- 
nunciation of  the  different  vowel-sounds,  it  will  be  found  to  undergo  a 
great  variety  of  modifications,  arising  from  varieties  of  position  of  the 
tongue,  the  cheeks,  the  lips,  and  velum  palati.  The  position  of  the 
tongue  is,  indeed,  one  of  the  primary  conditions  of  the  variation  of  the 
sound  ;  for  it  may  be  easily  ascertained  that,  by  peculiar  inflexions  of 
this  organ,  a  great  diversity  of  vowel-sounds  may  be  produced,  the 
other  parts  remaining  the  same.  Still  there  is  a  certain  position  of  all 
the  parts,  which  is  most  favourable  to  the  formation  of  each  of  these 
sounds ;  but  this  could  not  be  expressed  without  a  lengthened  descrip- 
tion. The  following  table,  slightly  altered  from  that  of  Kempelen,  ex- 
presses the  relative  dimensions  of  the  buccal  cavity  and  of  the  orifice  for 
.some  of  the  principal  of  these ;  the  number  5  expressing  the  largest 
size,  and  the  others  in  like  proportion  : — 


Vowel.  Sound.  Size  of  oral  opening .       Size  of  buccal  cavity. 

a  .    .    .  as  in  ah      ....    5  5 

a  ...  as  in  name ....    4  2 

e  .    .    .  as  in  theme    ...    3    ......  1 

o  ...  as  in  cold  ....    2  4 

oo  ...  as  in  cool   ....    1  5 


These  are  the  sounds  of  the  five  vowels,  a,  e,  i,  o,  u,  in  most  Continental 
languages ;  and  it  cannot  but  be  admitted  that  the  arrangement  is  a 
much  more  natural  one  than  that  of  our  own  vowel  series.  The 
English  a  has  three  distinct  sounds  capable  of  prolongation  ;| — the  true 
broad  a  of  ah,  slightly  modified  in  far ;  the  a  of  fate,  corresponding  to 
the  e  of  French ;  and  the  a  of  fall,  which  should  be  really  represented 
by  au.  This  last  is  a  simple  sound,  though  commonly  reckoned  as  a 
diphthong.  In  Kempelen's  scale,  the  oral  orifice  required  to  produce  it 
would,  be  about  3,  and  the  size  of  the  buccal  cavity  4.J  On  the  other 
hand,  the  sound  of  the  English  i  cannot,  like  that  of  a  true  vowel,  be 

*  This  sound  of  the  vowel  a  is  scarcely  used  in  our  language,  though  very  common 
in  most  of  the  Continental  tongues  ;  the  nearest  approach  to  it  in  English  is  the  a  in 
far ;  but  this  is  a  very  perceptible  modification,  tending  towards  au. 

t  The  short  vowel  sounds,  as  a  in  fat,  e  in  met,  o  in  pot,  &c,  are  not  capable  of 
prolongation. 

+  The  mode  of  making  a  determination  of  this  kind  may  here  be  given,  for  the  sake 
of  example.  If  the  broad  a  be  sounded,  the  mouth  and  fauces  being  opened  wide, 
and  we  contract  the  oral  orifice  by  degrees,  at  the  same  time  slightly  elevating  the 
point  of  the  tongue,  we  gradually  come  to  the  sound  of  au;  by  still  further  contract- 
ing the  orifice,  and  again  depressing  the  tongue,  we  form  oo.  On  the  other  hand,  in 
«ounding  e,  the  tongue  is  raised  nearly  to  the  roof  of  the  mouth ;  if  it  be  depressed, 
without  the  position  of  the  lips  being  altered,  au  is  given.  . 
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prolonged  ad  libitum ;  it  is  in  fact  a  sort  of  diphthong,  resulting  from  the 
transition  from  a  peculiar  indefinite  murmur  to  the  sound  of  e,  which 
takes  its  place  when  we  attempt  to  continue  it.  The  sound  oy  or  oi,  as 
in  oil,  is  a  good  example  of  the  true  diphthong ;  being  produced  by  the 
transition  from  au  to  e.  In  the  same  manner,  the  diphthong  ou,  which  is 
the  same  with  oxo  in  owl,  is  produced  in  the  rapid  transition  from  the 
broad  a  of  ah,  to  the  oo  of  cool. — Much  discussion  has  taken-place  as  to 
the  true  character  of  y ,  when  it  commences  a  word,  as  in  yet,  yawl,  &c. , 
some  having  maintained  that  it  is  a  consonant  (for  the  very  unsatisfac- 
tory reason  that  we  are  in  the  habit  of  employing  a  rather  than  an, 
when  we  desire  to  prefix  the  indefinite  article  to  such  words),  whilst 
others  regard  it  as  a  peculiar  vowel.  A  slight  attention  to  the  position 
of  the  vocal  organs  during  its  pronunciation,  makes  it  very  clear  that  its 
sound  in  such  words  really  corresponds  with  that  of  the  long  (English) 
e  ;  the  pronunciation  of  the  word  yawl  being  the  same  as  that  of  eaul, 
when  the  first  sound  is  not  prolonged,  but  rapidly  transformed  into  the 
second.  The  sound  of  the  letter  w,  moreover,  is  really  of  the  vowel 
character,  being  formed  in  the  rapid  transition  from  oo  to  the  succeeding 
vowel ;  thus  ivall  might  be  spelt  ooal.  Many  similar  difficulties  might 
be  removed,  and  the  conformity  between  spoken  and  written  language 
might  be  greatly  increased  (so  as  to  render  far  more  easy  the  acquire- 
ment of  the  former  from  the  latter),  by  due  attention  to  the  state  of  the 
vocal  organs  in  the  production  of  the  simple  sounds. 

712.  It  is  not  very  difficult  to  produce  a  tolerably  good  artificial  imita- 
tion of  the  Vowel- sounds.  The  method  adopted  by  Helmholtz  of  combin- 
ing the  fundamental  note  with  various  harmonics  for  each  vowel  has  been 
already  referred  to  (§  G47).  By  Kempelen  it  was  accomplished  by  means 
of  an  India-rubber  ball,  with  an  orifice  at  each  end,  of  which  the  lower 
one  was  attached  to  a  reed  :  by  modifying  the  form  of  the  ball,  the  dif- 
ferent vowels  could  be  sounded  during  the  action  of  the  reed.  He  also 
employed  a  short  funnel-like  tube,  aud  obtained  the  different  sounds  by 
covering  its  wide  opening  to  a  greater  or  less  extent.  This  last  experi- 
ment has  been  repeated  by  Mr.  Willis  ;  who  has  also  found  that  the  vowel 
sounds  might  be  imitated,  by  drawing-out  a  long  straight  tube  from  the 
reed.  In  this  experiment  he  arrived  at  a  curious  result : — with  a  tube  oi 
a  certain  length,  the  series  of  vowels,  i,  e,  a,  o,  u,  was  obtained  by  gra- 
dually drawing  it  out ;  but  if  the  length  was  increased  to  a  certain  point,  a 
further  gradual  increase  would  produce  the  same  sequence  in  an  inverted 
order,  u,  o,  a,  e,  i;  a  still  further  increase  would  produce  a  return  to  the 
first  scale,  and  so  on.  When  the  pitch  of  the  reed  was  high,  and  the  pipe 
short,  it  was  found  that  the  vowels  o  and  u  could  not  be  distinctly  formed, 
— the  proper  tone  being  injured  by  the  elongation  of  the  pipe  neces?ary 
to  produce  them  ;  and  this,  Mr.  Willis  remarks,  is  exactly  the  case  m  the 
Human  voice,  most  singers  being  unable  to  pronounce  u  and  o  upon 
their  highest  notes.  . 

7 1 3.  The  most  natural  primary  division  of  the  Consonants,  is  into  tno. 
which  require  a  total  stoppage  of  the  breath  at  the  moment 'Pr^*°™  d 
their  being  pronounced,  and  which,  therefore,  cannot  be  prolonged ,  _ 
those  in  pronouncing  which  the  interruption  is  partial,  and  which  can, 
the  vowel-sounds,  be  prolonged  ab  libitum.    The  former  have  recei  ^ 
the  designation  of  explosive  ;  and  the  latter  of  continuous.— In  pron 
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ing  the  explosive  consonants,  the  posterior  nares  are  completely  closed, 
so  that  the  exit  of  air  through  the  nose  is  altogether  prevented  ;  and  the 
current  may  be  checked  in  the  mouth  in  three  ways, — by  the  approxima- 
tion of  the  lips, — by  the  approximation  of  the  point  of  the  tongue  to  the 
front  of  the  palate, — and  by  the  approximation  of  the  middle  of  the  tongue 
to  the  arch  of  the  palate.  In  the  first  of  these  modes,  we  pronounce  the 
letters  b  and  p  ;  in  the  second  cl  and  t ;  in  the  third,  the  hard  g  and  k. 
The  difference  between  b,  d,  and  g,  on  the  one  hand,  and  p,  t,  and  k*  on 
the  other,  seems  to  depend  on  this; — that  in  the  former  group  the 
approximating  surfaces  are  larger,  and  the  breath  is  sent  through  them 
more  strongly  at  the  moment  of  opening,  than  in  the  latter.  The  con- 
tinuous consonants  may  be  again  subdivided,  according  to  the  degree  of 
freedom  with  which  the  air  is  allowed  to  make  its  exit,  and  the  compres- 
sion which  it  consequently  experiences.  I.  The  first  class  includes  those 
in  which  no  passage  of  air  takes-place  through  the  nose,  and  in  which  the 
parts  of  the  mouth  that  produce  the  sound  are  nearly  approximated 
together,  so  that  the  compression  is  considerable.  This  is  the  case  with 
v  and/5  which  are  produced  by  approximating  the  upper  incisors  to  the 
lower  lip,  and  which  stand  in  nearly  the  same  relation  to  each  other  as 
that  which  exists  between  d  and  t,  or  b  and  p.  The  sibilant  sounds,  z 
and  s,  also  stand  in  a  similar  relation  to  each  other;  they  are  produced 
by  the  passage  of  air  between  the  point  of  the  tongue  and  the  front  of  the 
palate,  the  teeth  being  at  the  same  time  nearly  closed.  The  simple  sound. 
?/i  is  formed  by  narrowing  the  channel  between  the  dorsum  of  the  tongue 
and  the  palate ;  the  former  being  elevated  towards  the  latter  through  a 

considerable  part  of  its  length.    If,  in  sounding  s,  we  raise'the  point  of 

:he  tongue  a  very  little,  so  as  to  touch  the  palate,  the  sound  of  t  is 
\  jvolved ;  and  in  the  same  manner  d  is  produced  from  z.    This  class  also 

ncludes  the  th  ;  which,  being  a  perfectly-simple  sound,  ought  to  be  ex- 
i  )ressed  by  a  single  letter,  as  in  Greek,  instead  of  by  two,  whose  com- 

)ination  does  not  really  produce  anything  like  it.  For  producing  this 
b  ound,  the  point  of  the  tongue  is  applied  to  the  back  of  the  incisors,  or 

0  the  front  of  the  palate,  as  in  sounding  t  ;~\  but  whilst  there  is  complete 
:ontact  of  the  tip,  the  air  is  allowed  to  pass-out  around  it. — n.  In  the 
econd  class  of  continuous  consonants,  including  the  letters      n,  I,  and  r, 

i;  he  nostrils  are  not  closed ;  and  the  air  thus  undergoes  very  little  com- 
pression, even  though  the  passage  of  air  through  the  oral  cavity  is  almost 
r  completely  checked.    In  pronouncing  m  and  n,  the  breath  passes 
hrough  the  nose  alone :  and  the  difference  of  the  sound  of  these  two 
atters  must  be  due  to  the  variation  in  the  form  of  the  cavity  of  the 
I  louth,  which  acts  by  resonance.    The  letter  in  is  a  labial,  like  b ;  but  in 
j  be  former  the  nasal  passage  is  open,  the  mouth  remaining  closed,  whilst 
I  a  the  latter  the  nose  is  entirely  closed,  and  the  sound  is  formed  at  the 
I  loment  of  opening  the  mouth  ;  hence  the  passage  from  m  to  b  is  made 
I  'ith  great  facility.  The  same  correspondence  exists  between  n  and  t,  or  n 
I  nd  g  (the  particular  part  of  the  tongue  approximated  to  the  palate  not 
I  eing  of  much  consequence  in  the  pronunciation  of  n)  ;  and  hence  it  is  that 
I  ie  transition  from  n  to  t,  or  from  n  to  g,  is  so  easy  that  the  combinations 

f  *  For  the  sake  of  proper  comparison,  this  letter  should  be  sounded  not  as  hay  hut  hey. 

1  t  Hence  it  is  easy  to  understand  the  substitution  of  t  or  d,  for  the  English  th,  by 
I  reigners. 
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nt  and  ng  are  found  abundantly  in  most  languages.  The  sound  of  /  is 
produced  by  bringing  the  tip  of  the  tongue  into  contact  with  the  palate 
and  allowing  the  air  to  escape  around  it,  at  the  same  time  that  a  vocal 
tone  is  generated  in  the  larynx  ;  it  differs  therefore  from  th  in  the  posi- 
tion at  which  the  obstruction  is  interposed,  as  well  as  in  the  slight  degree 
of  compression  of  the  air  which  it  involves.  The  sound  of  the  letter  r 
depends  on  an  absolute  vibration  of  the  point  of  the  tongue,  in  a  narrow 
current  of  air  forced  between  the  tongue  itself  and  the  palate.* — in.  The 
sounds  of  the  third  class  are  scarcely  to  be  termed  consonants,  since  they 
are  merely  aspirations  caused  by  an  increased  force  of  breath.  These  are 
h,  and  the  guttural  c/tf  of  most  foreign  languages  (the  Greek  The 
first  is  a  simple  aspiration  ;  the  second  an  aspiration  modified  by  the  ele- 
vation of  the  tongue,  causing  a  slight  obstruction  to  the  passage  of  air, 
and  an  increased  resonance  in  the  back  of  the  mouth.  The  sound  would 
become  either  g  or  k,  if  the  tongue,  whilst  it  is  being  produced,  were 
carried-up  to  touch  the  palate.J 

714.  These  distinctions  come  to  be  of  much  importance,  when  we 
apply  ourselves  to  the  treatment  of  defects  of  articulation.  Great  as  is 
the  number  of  muscles  employed  in  the  production  of  definite  vocal 
sounds,  the  number  is  much  greater  for  those  of  articulate  language ;  and 
the  varieties  of  combination  which  we  are  continually  forming  uncon- 
sciously to  ourselves,  would  not  be  suspected  Avithout  a  minute  analysis 
of  the  separate  actions.  Thus,  when  we  utter  the  explosive  sounds,  we 
check  the  passage  of  air  through  the  posterior  nares  in  the  very  act  of 
articulating  the  letter;  and  yet  this  important  movement  commonly 
passes  unobserved. — We  must  regard  the  power  of  forming  the  several 
articulate  sounds  which  have  been  adverted-to,  and  their  simple  com- 
binations, as  so  far  resulting  from  intuition,  that  it  can  in  general  be  more 
readily  acquired  by  early  practice  than  other  actions  of  the  same  com- 
plexity :  but  we  find  that  among  different  Kacesof  Men,  there  exists  ten- 
dencies to  the  production  of  different  sounds,  which,  though  doubtless 
influenced  in  great  degree  by  early  habit  (since  we  find  that  children, 
when  first  learning  to  speak,  form  their  habits  of  vocalization  in  great 
degree  in  accordance  with  the  examples  amidst  which  they  are  placed), 
are  certainly  also  dependent  in  part  upon  congenital  constitution ;  as  we 
often  see  in  the  case  of  children  among  ourselves,  who  grow-up  with 
certain  peculiarities  of  pronunciation,  not  thus  derived  from  imitation,  of 
which  they  do  not  seem  able  to  divest  themselves. 

715.  It  is  in  want  of  power  to  combine  the  different  muscular 
actions  concerned  in  vocalization,  that  the  defect  termed  Stammering 
essentiaUy  consists.  Many  theories  regarding  the  nature  of  this  impedi- 
ment have  been  proposed ;  and  there  can  be  little  doubt  that  it  may  be 
attributed  to  a  great  variety  of  exciting  causes.    A  disordered  action  ot 

*  Donders  describes  no  less  than  four  modes  in  which  the  letter  r  can ibe  ma de. 
1,  by  the  lips  ;  2,  by  the  tongue  ;  3,  by  the  uvula  ;  and  4,  by  some  part  between  t«« 
and  the  chord*  vocales.  The  r  as  ordinarily  but  distmctly  pronounced .  .s  p.oW 
about  thirty  vibrations  of  the  tongue  in  the  second.    The  uvular  r  by  fiom  mnewo 

t0T?he  English  ch  is  merely  a  combination  of  *  with  sh;  thus  chime  might  he  spelt 

*  ^The  general  classification  proposed  by  Dr.  Marshall  Hall  lias  been  here  adopted, 
with  some  modification  as  to  the  details. 
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the  nervous  centres  must,  however,  be  regarded  as  the  proximate  cause  ; 
though  this  may  be  (to  use  the  language  of  Dr.  M.  Hall)  either  of  centric 
or  of  excentric  origin, — that  is,  it  may  result  from  a  morbid  condition  of 
the  ganglionic  centre,  or  from  an  abnormal   impression  conveyed 
through  its  afferent  nerves.    When  of  centric  origin  (and  this  is  pro- 
bably the  most  general  case),  the  phenomena  of  Stammering  and  Chorea 
have  a  close  analogy  to  each  other ;  in  fact,  stammering  is  frequently 
one  of  the  modes  in  which  the  disordered  condition  of  the  nervous 
system  in  Chorea  manifests  itself. — It  is  in  the  pronunciation  of  the 
Consonants  of  the  explosive  class,  that  the  stammerer  experiences  the 
greatest  difficulty.    The  total  interruption  to  the  breath  which  they 
occasion,  frequently  becomes  quite  spasmodic;*  and  the  whole  frame  is 
thrown  into  the  most  distressing  semi-convulsive  movement,  until  re- 
lieved by  expiration.    In  the  pronunciation  of  the  continuous  Con- 
sonants of  the  first  class,  the  stammerer  usually  prolongs  them  by  a 
spasmodic  continuance  of  the  same  action  ;  and  there  is,  in  consequence, 
in  impeded,  but  not  a  suspended  respiration.    The  same  is  the  case 
with  the  I  and  r  in  the  second  class.    In  pronouncing  the  m  and  n,  on 
/he  other  hand,  as  well  as  the  aspirates  and  vowels,  it  is  sometimes 
Dbserved  that  the  stammerer  prolongs  the  sound  by  a  full  and  exhaust- 
ng  expiration.    In  all  these  cases,  then,  it  seems  as  if  the  muscular 
;ense  resulting  from  each  particular  combination  of  actions,  became  the 
timulus  to  the  involuntary  prolongation  of  that  state.    It  is  possible 
i  hat  the  defect  may  result,  in  some  instances,  from  malformation  of  the 
■  >arts  about  the  fauces,  producing  an  abnormal  stimulus  of  this  kind  in 
ome  particular  positions  of  the  organ ;  and  such  cases  may  be  really 
>enefited  by  an  operation  for  the  removal  of  these  parts.    But  the 
fleet  of  such  an  operation  is  certainly  exerted  in  most  cases  through 
i  he  mind  of  the  patient ;  the  expectation  of  benefit  from  it  tending  to 
!  'nprove  his  command  over  the  muscles  of  vocalization,  which  Emotional 
&  xcitement  always  impairs ;  and  the  improvement  is  usually  proportional 
)  the  confidence  which  he  has  been  led  to  feel  in  the  result.  The 
■ightest  disturbance  of  the  feelings  is  sufficient  in  most  Stammerers  to 
|  lduce  a  complete  perturbation  of  the  vocal  powers  ;  the  very  fear  that 
|  hammering  will  occur,  particularly  under  circumstances  which  render 
i  ■  peculiarly  annoying,  is  often  sufficient  to  bring  it  on  in  a  predisposed 
I  abject;  and  the  tendency  to  consensual  imitation  sometimes  occasions 
I  ammering,  in  individuals  (especially  children)  who  never  show  the 
Lightest  tendency  to  it  except  when  they  witness  the  difficulty  in  others. 
|<  716.  The  method  proposed  by  Dr.  Arnott  for  the  prevention  of  Stam- 
mering, consists  in  the  connection  of  all  the  words  by  a  vocal  intonation, 
j  i  such  a  manner  that  there  shall  never  be  an  entire  stoppage  of  the 
J  ?eath.    It  is  justly  remarked  by  Mliller,  however,  that  although  this 
I  an  may  afford  some  benefit,  it  cannot  do  everything;  since  the  main 
I  ipediment  occurs  in  the  middle  of  words  themselves.    One  important 
1  imedial  means,  on  which  too  much  stress  cannot  be  laid,  is  to  study  care- 

I  Hy  the  mechanism  of  the  articulation  of  the  difficult  letters,  and  to 
- 1  'actise  their  pronunciation  repeatedly,  slowly,  and  analytically.  The 

I  *  By  Dr.  Arnott  this  interruption  ia  represented  as  taking  place  in  the  larynx  ;  that 
I  ch  is  not  usually  the  case,  the  Author  believes  that  a  little  attention  to  the  ordinary 

I I  enomena  of  voice  will  satisfactorily  prove. 
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patient  would  at  first  do  well  to  practise  sentences  from  which  the  ex- 
plosive consonants  are  omitted ;  his  chief  difficulty,  arising  from  the 
spasmodic  suspension  of  the  expiratory  movement,  being  thus  avoided. 
Having  mastered  these,  he  may  pass-on  to  others,  in  which  the  difficult 
letters  are  sparingly  introduced  ;  and  may  finally  accustom  himself  to 
the  use  of  ordinary  language.  One  of  the  chief  points  to  be  aimed-at 
is  to  make  the  patient  feel  that  he  has  command  over  his  muscles  of 
articulation ;  and  this  is  best  done,  by  gradually  leading  him  from 
that  which  he  finds  he  can  do,  to  that  which  he  fears  he  cannot.  The 
fact  that  stammering  people  are  able  to  sing  their  words  better  than  to 
speak  them,  has  been  usually  explained  on  the  supposition  that,  in  singing, 
the  glottis  is  kept  open,  so  that  there  is  less  liability  to  spasmodic  action ; 
if,  however,  as  here  maintained,  the  spasmodic  action  is  not  in  the  larynx, 
but  in  the  velum  palati  and  the  muscles  of  articulation,  the  difference 
must  be  due  to  the  direction  of  the  attention  rather  to  the  muscles  of  the 
larynx  than  to  those  of  the  mouth. — One  of  the  most  important  objects 
to  be  aimed-at  in  the  treatment  of  stammering,  consists  in  the  prevention 
of  all  Emotional  disturbance  in  connection  with  the  act  of  Speech;  and 
this  requires  the  exercise  of  the  Voluntary  power  over  the  direction  of 
the  thoughts,  in  the  following  modes : — 1.  To  reduce  mental  emotion,  by 
a  daily,  hourly,  habit  of  abstracting  the  mind  from  the  subject  of  stam- 
mering, both  while  speaking,  and  at  other  times.  2.  To  avoid  exciting 
mental  emotion  by  attempting  unnecessarily  to  read  or  speak,  when  the 
individual  is  conscious  that  he  shall  not  be  able  to  perform  these  actions 
without  great  distress.  3.  To  elude  mental  emotion,  by  taking  advantage 
of  any  little  artifice  to  escape  from  stammering,  so  long  as  the  artifice 
continues  to  be  a  successful  one. — Much  may  frequently  be  done,  also, 
by  constitutional  treatment,  adapted  to  improve  the  general  vigour  of 
the  nervous  system.* 


CHAPTER  XVII. 

OF  THE   INFLUENCE  OF  THE  NERVOUS  SYSTEM  ON  THE 
ORGANIC  FUNCTIONS. 

717.  Of  the  modes  in  which  the  Nervous  System  influences  the 
Organic  Functions,  a  great  part  have  been  already  considered ;  tor  it 
has  been  shown  to  be  concerned  in  providing  the  mechanical  conditions, 
either  immediate  or  remote,  under  which  alone  these  functions  can  be 
performed ;  so  that,  when  its  activity  ceases,  they  cannot  be  much 
longer  maintained.  But  the  influence  of  the  Nervous  System  is  not 
alone  exerted  upon  the  motor  or  contractile  tissues  of  the  body;  °r 
there  is  good  evidence  that  it  has  a  direct  operation  upon  the  molecular 
changes  which  constitute  the  functions  of  Nutrition,  Secretion,  «c., 
and  this  view  may  be  admitted  to  its  fullest  extent,  without  our  bein„ 
thereby  led  to  regard  the  processes  in  question  as  dependent  up 

*  See  on  the  subject  of  "  Stammering  and  its  Treatment  *'  a  useful  jWjJJJJjE 
this  title,  by  Baoc.  Med.  Oxon.,  1850;  and  Mr.  Bishop's  treatise    vn  w 
Sounds,  and  on  th6  Causes  and  Cure  of  Impediments  of  Speech. 
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Nervous  agency, — a  doctrine  for  which  there  seems  no  valid  founda- 
ion.    Throughout  the  animal  body,  it  may  be  observed  that,  the  more 
\reo-etative  the  nature  of  any  function,  the  less  is  it  under  the  influence  of 
'  he  Nervous  System,  save  where  that  influence  is  required  to  bring  it 
ttto  harmony  with  other  functions,  sometimes  by  exciting,  sometimes 
>y  checking,  and  sometimes  by  otherwise  modifying  them,  very  much 
n  the  way  that  a  rider  guides  and  controls  the  movements  of  his  horse. — 
\  t  is  evident  that  this  influence  must  be  principally  exerted  through  the 
I  v// apathetic  or  Visceral  system  of  nerves,  since  a  large  proportion  of  the 
l  r'l-ans  on  which  it  operates  are  supplied  by  no  other :  and  hence  this 
[  pparatus  has  been  commonly  designated  the  £  Nervous  system  of 
j  rijanic  life'  as  distinguishing  it  from  the  Cerebro-spinal  system,  which 
the  '  Nervous  system  of  animal  life.'    There  is,  however,  no  such 
I  arallelism  between  them  as  this  designation  would  imply ;  for  whilst 
j  ie  operations  of  the  Cerebro-Spinal  system  essentially  constitute  the 
t  .nimal  life  of  the  individual,  those  of  the  Sympathetic  cannot  be  fairly 
lid  to  do  more  than  control  and  direct  those  of  Nutrition  and  Secre- 
|  on. — We  shall  now  inquire  into  the  structure  and  relations  of  the 
1  ympathetic  System ;  and  shall  then  examine  the  nature  of  the  actions 
!  Inch  there  seems  reason  to  attribute  to  it. 

718.  Sympathetic  Nervous  System. — That  collection  of  scattered  but 
li.utually-connected  ganglia  and  nerves,  of  which  this  apparatus  is  made 
;  l.p,  may  be  ranged  under  the  following  groups  : — 1.  The  isolated  ganglia 
i  id.  nerves  in  immediate  connection  with  the  Viscera,  which  seem  to  be 
■tic  chief  centres  of  the  system ;  these  form  three  principal  plexuses, 
[m.e  Cardiac,  the  Solar,  and  the  Hypogastric.    2.  The  double  chain  of 
Prevertebral  ganglia,  with  connecting  cords,  which  lies  in  front  of  the 
lisrtebral  column,  and  which  communicates  on  the  one  hand  with  the 
I;  )inal  nerves,  and  on  the  other  with  the  before-named  plexuses.  Under 
wis  head  we  should  probably  rank  the  minute  Cranial  ganglia,  which 
e  situated  in  the  neighbourhood  of  the  Organs  of  Sense,  and  in  imme- 
.  is!  ate  connection  with  the  branches  of  the  Fifth  pair  that  proceed  to 
;  Ji9m;  these  are  the  ophthalmic,  otic,  spheno -palatine,  and  submaxillary 
nglia.    3.  The  ganglia  on  the  posterior  roots  of  the  Spinal  nerves ; 
l.ider  which  head  we  are  probably  to  rank  not  only  the  Gasserian 
nglion  of  the  Fifth  pair,  but  also  the  ganglia  near  the  roots  of  the 
leumogastric  and   Glosso-pharyngeal  nerves. — The  trunks  of  the 
I  mpathetic  are  made-up  of  different  orders  of  fibres ;  some  of  these 
j  ving  their  central  termination  in  the  vesicular  matter  of  the  Sympa- 
fcitic  ganglia  themselves,  whilst  others  are  derived  from  the  Cerebro- 
|  .nal  system.    The  former,  which  are  all  of  the  1  gelatinous'  kind,*  are 
I  »st  abundant  in  the  great  Visceral  plexuses;  but  they  may  be  traced 
|  m  the  prevertebral  ganglia  into  the  Spinal  nerves,  part  of  them  pro- 
\  iding  to  the  ganglia  on  their  posterior  roots  (whence  fibres  are  given- 
that  mingle  with  their  spinal  fibres),  whilst  another  part  enter  the 
terior  roots  and  mingle  with  their  fibres.    On  the  other  hand,  the 

It  must  be  carefully  borne  in  mind,  that,  although  the  proper  Sympathetic  fibree 
I  all  'gelatinous,'  yet  that  the  Cerebro-Spinal  system  contains  'gelatinous'  fibres  of 
C  own,  which  are  very  abundant  in  some  parts.  An  account  of  Kiittner's  and 
f  talc's  views  on  the  structural  relations  of  the  prevertebral  ganglia,  will  bo  found  in 

"  Medico-Chimrgical  Review,"  1868. 
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latter,  which  are  of  the  '  tubular'  kind,  are  derived  by  the  same  cords  of 
communication  (these  being  commonly  termed  the  'roots'  of  the 
Sympathetic,  but  being  really  commissural  bands  that  bring  the  two 
systems  into  connection)  from  both  roots  of  the  Spinal  nerves,  and  pass 
through  the  prevertebral  ganglia  into  the  Sympathetic  system,  without 
undergoing  any  ostensible  change.  Thus  it  appears  that  the  Cerebro- 
spinal and  Sympathetic  systems  interpenetrate  one  another;  each 
having  its  OAvn  series  of  ganglionic  centres,  and  of  trunks  connected  with 
them  ;  but  each  system  transmitting  its  fibres  into  the  trunks  of  the 
other,  so  as  to  be  peripherally  distributed  with  their  ramifications. 
According  to  Frantzel,*  the  cells  of  the  sympathetic  and  of  the  spinal 
ganglia  are  invested  by  a  capsule  of  connective  tissue  formed  by  an 
expansion  of  the  neurilemma  of  the  nerves,  which  is  lined  by  a  layer  of 
pavement  epithelium.  Beale,  Arnold,  and  others  describe  a  single 
straight  fibre  emerging  from  the  nucleus  of  each  sympathetic  cell,  and  a 
spiral  fibre  that  appears  to  be  in  connection  with  the  surface  of  the  cell, 
and  Avhich,  after  winding  for  a  few  turns  round  the  straight  fibre, 
pursues  an  opposite  direction ;  such  cells  must  be  regarded  as  bipolar. 
There  is  some  doubt  whether  the  cells  of  the  spinal  ganglia  present  this 
structure  or  not ;  Schwalbef  and  Courvoisier \  having  only  been  able 
to  discover  one  fibre  originating  from  each  cell ;  the  cells  of  these  ganglia 
are  therefore  unipolar. 

719.  The  connections  and  distribution  of  the  principal  trunks  and 
branches    of  the  Sympathetic   system  may  be   concisely  stated  as 
follows  : — In  the  cervical  portion  of  the  sympathetic  the  presence  of  the 
following  nerve-fibres  appears  to  have  been  satisfactorily  demonstrated.§ 
1 .  Vaso-motor  nerves  for  the  corresponding  half  of  the  head,  that  pro- 
bably  arise  from  a  centre  situated  in  the  medulla  oblongata,  which 
governs  the  tone  not  only  of  these  vessels,  but  of  the  entire  vascular 
system  throughout  the  body.    This  ganglionic  centre  is  constantly  in 
action.    Its  influence  can  be  abolished  by  section  of  the  spinal  cord  in 
the  cervical  region,  and  may  be  reflectorially  depressed,  as  Cyon  and 
Ludwig  have  shown,  by  irritation  of  the  depressor  nerve,  which  is  a  cen- 
tripetal branch  of  the  vagus  (§  242).    A  local  depression  of  its  influence 
may  be  also  reflectorially  induced  by  irritation  of  the  sensory  nerve 
supplying   any  part||  whilst  its  action  may  be  excited  through  the 
agency  of  carbonic  acid.    2.  Fibres  distributed  to  the  dilatator  pupilla?, 
that  probably  arise  from  the  oculo-pupillary  or  cilio-spinal  centre,  seated 
in  the  medulla  oblongata — a  centre  that  like  the  preceding  is  in  a  constant 
state  of  activity,  and  is  influenced  in  a  manner  similar  to  the  respira- 
tory and  vaso-motor  centres  ;  hence  in  dyspnoea  the  pupil  dilates,  and 
the  vessels  distributed  to  the  eye  contract.    3.  Secretory  fibres  for  the 
salivary  glands,  irritation  of  which  contracts  the  vessels  and  modifies 
the  characters  of  the  secretion,  whilst  section  is  followed  by  dilatation 
of  the  vessels.    4.  Fibres  possessing  an  accelerating,  and  others  exert- 
ing a  depressing  influence  on  the  heart.    The  former,  according  to 
MM.  E.  and  M.  Cyon,  emerge  by  the  third  branch  of  the  inferior 

*  Virchow's  "  Arclriv,"  1867,  p.  549.  t  Schultze's  "  Archiv,"  Bd.  iv.  p.  4;'). 

t  Ibid.,  Bd.  ii.  p.  13,  and  Bd.  iv.  p.  125. 

§  See  Hermann,  "  Grundriss  der  Physiologie,"  1867,  p.  424.       §    ,  . 
||  "  Liiven,"  Ludwig's  "  Arbeiten  ans  der  Physiolog.  Anstalt  zu  Leipzig,  l»oi,p.  • 
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cervical  ganglion ;  whilst  the  first  and  second  branches  constitute  the 
roots  of  the  depressor  nerve.    5.  Fibres  passing  to  the  central  cerebro- 
spinal organs,  which  refiectorially  stimulate  the  nerves  retarding  the 
action  of  the  heart.    As  regards  the  thoracic  portion  of  the  sympathetic 
trunk,  Otto  Nasse*  and  Bernard  only  obtained  negative  results  from  its 
division  or  excitation.    The  superior  thoracic  ganglion  gives  accelerator 
fibres  to  the  heart.    The  plexus  cardiacus,  arising  from  the  thoracic 
sympathetic,  also  receives  branches  from  the  vagus  and  the  depressor 
i  nerves.  The  splanchnic  nerves,  which  arise  from  the  lower  six  thoracic 
ganglia,  contain  fibres  exerting  an  inhibitory,  and  others  exerting  an 
I  exciting  influencef  over  the  movements  of  the  intestine  ;  secretory  fibres 
;  acting  on  the  kidneys  (Bernard);  vaso-motor  nerves  influencing  the  calibre 
of  the  whole  abdominal  system  of  vessels ;|  and  lastly,  centripetal  fibres 
f  exerting  refiectorially  an  inhibitory  influence  on  the  action  of  the  heart. 
1  The  abdominal  portion  gives  off  numerous  branches  which  aid  in  form- 
ing the  cseliac,  mesenteric,  renal,  suprarenal,  spermatic,  and  hypogastric 
f|  plexuses,  and  these,  when  irritated,  occasion  movements  in  the  parts  to 
I  which  they  are  distributed,  as  the  intestine  (small  and  large),  bladder, 
t|.  ureters,  uterus,  vesicular  seminales,  spleen,  &c,  partly  by  their  direct 
>L  action  on  the  muscular  fibres,  partly  by  modifying  the  supply  of  blood  to 
t  I  them.§  Of  the  ophthalmic  ganglion  (§  491),  the  branches  are  distributed, 
I  not  merely  to  the  iris,  whose  radiating  fibres  are  made  to  contract 
•  \  through  their  instrumentality,  as  already  explained  (§  619)  ;  but  also 
to  the  vascular  apparatus  of  the  eyeball,  and  especially  to  the  ciliary 
|  processes,  which  seem  to  possess  a  sort  of  erectile  character.    The  otic 
:  [  .ganglion,  which  communicates  with  the  third  division  of  the  Fifth  pair 
rand  with  the  Glosso-pharyngeal,  may  be  considered,  from  the  distribution 
i  of  most  of  its  branches  to  the  tensor  tympani  and  circumflexus  palati 
:  nuscles,  as  ministering  to  the  exercise  of  the  sense  of  Hearing,  in  some- 
what the  same  mode  that  the  ophthalmic  ganglion  seems  to  do  to  that  of 
■  ision  (§  652).    The  spheno-palatine  ganglion  (Fig.  185,/),  whose  con- 
tfciectionfc  are  with  the  Fifth  and  the  Facial  nerves,  seems  in  like  manner 
!  I>  o  minister,  by  the  distribution  of  its  branches  on  the  mucous  membrane 
V  'f  the  nasal  cavity  and  the  palate,  to  the  senses  of  Smell  and  Taste.  It 
•luasbeen  shown  by  Prevost||  to  be  purely  sensory  in  its  function.  Of 
The  submaxillary  ganglion,  which  also  is  chiefly  connected  with  the  Fifth 
|  l.  nd  the  Facial  nerves,  the  branches  proceed  almost  entirely  to  the  Sub- 
I  laxillary  gland. — 3.  The  fibres  which  arise  from  the  ganglia  on  the 
\  osterior  roots  of  the  Spinal  nerves  (if  really  belonging  to  the  Sympa- 
I  letic  system)  must  be  distributed  along  with  the  branches  proceeding 
1  'om  the  trunks  which  they  help  to  form  ;  as  must  also  a  part  of  those 
|:bres  which  are  sent  from  the  proper  Sympathetic  ganglia  into  the  roots 
1?  the  same  nerves,  a  large  part  of  them,  however,  being  distributed 
Ipon  the  blood-vessels  of  the  Spinal  Cord  itself. 

|  720.  If,  then,  it  be  inquired  what  inferences  we  are  entitled  to  draw 
I  'specting  the  functions  of  the  Sympathetic  system  of  nerves,  from  our 

I  *  "Essays  on  the  Physiology  of  tho  Movements  of  the  Intestine."  Pamphlet,  1866. 

t  Pfluger,  Nasse,  loc.  cit. 
I  t  I'  Bezol(1>  Untersuch.  passim.  Cyon,  and  Ludwig,  "  Arheitcn,"  &c.  1867 
\  §  See  NasBe,  loc.  cit. 

fc  II  Brown-Sequard's  "  Archives  dc  Physiologic,"  torn.  i.  p.  207. 
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knowledge  of  its  Anatomical  distribution,  we  are  at  once  justified  in 
replying,  that  a  large  proportion  of  the  Muscular  apparatus  which  directly 
ministers  to  the  Organic  functions, — that,  namely,  which  surrounds  the 
alimentary  canal  from  the  stomach  downwards,  with  the  gland-ducts  which 
open  into  it, — that,  also,  which  forms  the  walls  of  the  bladder  and  uterus, 
of  the  ureters  and  Fallopian  tubes, — and  that,  too,  which  governs  the 
diameter  of  the  blood-vessels, — receives  no  other  nervous  supply  ;  and,  con- 
sequently, that  of  whatever  motor  influence  these  parts  may  receive  from 
Mental  states  or  from  excitation  not  applied  to  themselves,  this  system 
of  nerves  must  be  the  channel.  The  same  may  be  said,  too,  in  regard 
to  that  greater  portion  of  the  Glandular  apparatus,  which  is  exclusively 
supplied  by  the  Sympathetic  nerve,  and  chiefly  by  the  plexuses  that 
embrace  its  blood-vessels;  since  any  such  alterations  in  its  rate  of  activity, 
or  in  the  character  of  its  products,  as  depend  upon  conditions  of  Mind, 
can  be  brought-about  through  no  other  instrumentality. — It  is  not  a 
little  remarkable,  however,  that  those  portions  of  the  Muscular  apparatus 
of  Organic  life,  which  most  obviously  exhibit  in  their  action  the  influence 
of  the  Nervous  system,  both  in  their  respondence  to  emotional  states  and 
in  their  'sympathy'  with  disturbance  in  other  functions, — namely,  the 
Heart  and  the  Stomach, — derive  a  considerable  part  of  their  nervous 
supply  directly  from  the  Cerebro-spinal  system.  And  it  is  still  more 
significant,  that  most  of  those  Glands  whose  function  is  occasional,  and 
whose  states  of  activity  are  most  obviously  influenced  by  affections  of  the 
Mind,  are  specially  supplied  by  Cerebro-spinal  nerves,  in  addition  to  the 
Sympathetic  plexuses  which  they  receive  on  the  walls  of  their  blood- 
vessels :  thus,  the  Lachrymal  and  Salivary  glands  are  supplied  with 
branches  of  the  Fifth  and  Facial  nerves ;  and  the  Mammary  glands  by 
branches  of  the  Intercostals.  It  cannot  but  be  deemed  highly  probable, 
then,  from  this  circumstance  alone,  that  the  influence  of  mental  states 
upon  the  function  of  Secretion  may  be  exerted  through  the  nerves  of  the 
Cerebro-spinal  system,  as  well  as  through  those  of  the  Sympathetic. 

721.  It  must  be  in  virtue  of  the  connections  of  the  Sympathetic  with 
the  Cerebro-spinal  system,  that  the  parts  which  are  solely  supplied  with 
nerves  from  the  former,  are  capable  of  transmitting  sensory  impressions 
to  the  Sensorium.    It  is  true  that,  under  ordinary  circumstances,  these 
parts  are  insensible  ;  that  is,  impressions  made  upon  them  do  not  travel 
onwards  through  the  Spinal  Cord  to  the  Encephalon  :  but  their  sensibility 
is  acutely  manifested  in  morbid  states,  in  which  the  impressions  seem  to 
be  propagated  further  than  usual,  in  virtue  of  their  greater  potency.  That 
it  is  the  office  of  the  ganglia  on  the  roots  of  the  Spinal  nerves  to  "  cut-ott 
sensation,"  that  is,  to  prevent  the  further  transmission  of  sensory  impres- 
sions, is  an  old  doctrine ;  and  there  seems  much  reason  to  believe  t  a 
this  may  be  effected  by  the  free  communication  between  one  ganglion  ce 
and  another,  which  is  established  through  the  vesicular  substance  o  a 
ganglion,  so  that  the  whole  force  of  ordinary  impressions  on  the  nerv - 
fibres  is  lost  in  diffusion  among  the  rest  of  their  contents.    The  im 
principle  seems  to  apply  to  the  motor  fibres ;  for  there  are  cases  w 
show  that  when  fibres  obviously  belonging  to  Cerebro-spinal  ner 
pass  through  Sympathetic  ganglia,  they  do  not  so  rapidly  or  so  sj 
1  ransmit  motor  impulses,  as  when  they  have  no  such  relation  to  ga  g 
*  See  Messrs.  Kirkes  and  Paget's  "  Handbook  of  Physiology,"  p.  420. 
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",■22.  Although  it  is  not  easy  to  obtain  definite  evidence  of  the  influence 
of  the  Sympathetic  system  on  Muscular  Contraction,  since  this  influence 
is  extinguished  within  a  short  time  after  death,  yet  it  has  been  established 
by  the  elaborate  researches  of  Prof.  Valentin  and  others*  (§§  91,  240,  et 
seq.  248),  that  contractions  of  the  various  muscular  parts  supplied  by 
the  three  great  Visceral  plexuses  may  be  excited  by  irritation  applied 
to  their  nerves  and  ganglia.    But  Prof.  V.  has  further  shown,  that  the 
same  effects  maybe  produced  by  irritating  either  the  Prevertebral  ganglia, 
or  the  cords  of  communication  with  the  Spinal  nerves  which  have  been 
sometimes  called  the  '  roots'  of  the  Sympathetic,  or  the  roots  of  the  Spinal 
nerves  themselves.    It  results  from  his  inquiries,  that,  although  any  par- 
ticular division  of  the  Sympathetic  nerve  must  be  regarded  as  extremely 
complex  in  its  relations,  deriving  its  motor  fibres  from  many  different 
sources,  the  ultimate  distribution  of  these  fibres  is  sufficiently  simple,  so 
that  each  organ  is  definitely  supplied  from  a  certain  part  of  the  Cerebro- 
spinal axis.    But  the  fibres  proceeding  from  the  roots  of  the  Cerebro- 
spinal nerves  do  not  pass  into  the  nearest  organs,  being  transmitted 
ihrough  three  or  more  of  the  prevertebral  ganglia  of  the  Sympathetic, 
before  reaching  their  ultimate  destination  ;  thus  the  motor  fibres  of  the 
jardiac  plexus  are  principally  derived  from  the  cervical  portion  of  the 
Spinal  Cord,  those  of  the  solar  plexus  from  the  thoracic  region,  and  those 
:)f  the  hypogastric  plexus  from  the  dorsal  region.    So,  again,  we  have 
seen  that  the  dilatation  of  the  Pupil,  which  immediately  depends  on  the 
nstrumentality  of  the  Sympathetic  nerve,  is  called-forth  also  by  irrita- 
•ion  of  the  roots  of  the  Spinal  nerves  in  the  cervical  region  (§  623). 

723.  The  effects  of  section  and  of  galvanization  of  the  cut  extremities 
I  )f  the  sympathetic  nerve  in  the  neck,  have  been  carefully  investigated 
toy  Bernard,  Waller,  Brown-Sequardf  and  others.  On  dividing  the  nerve, 
:=he  blood-vessels  of  that  side  of  the  head  dilate,  and  with  the  lreer  cur- 
i  -ent  of  blood  which  is  then  established  through  the  capillaries,  an  increase 

»f  the  vital  properties  of  all  the  tissues  on  the  same  side  of  the  head  is 
hssociated.    Thus  the  sensibility  of  the  retina  for  light  appears  to  be 

ugmented,  whence  follow  contraction  of  the  pupil,  retraction  of  the  globe 
I  f  the  eye,  partial  closure  of  the  eyelid,  and  projection  of  the  membrana 
'tans  (where  present)  with  increased  flow  of  tears.    The  temperature 
I  nd  sensibility  of  the  skin,  and  the  cutaneous  secretions,  are  also  much 

ncreased, — the  temperature  in  some  of  Dr.  "Waller's  experiments^  rising 
I  s  much  as  18°  Fahr.,  and  the  skin  in  some  of  M.  Bernard's  being  bathed 
j  nth  perspiration.    The  colour  of  the  venous  blood  assumes  a  brighter 

ue,  and  its  coagulation  is  more  rapid.  The  muscles  respond  more 
|  eadily  to  weak,  and  more  energetically  to  strong  stimuli,  and  retain 

lieir  irritability  longer  ;  rigor  mortis  consequently  setting  in  more  slowly 

nd  enduring  for  a  longer  period;  hypertrophy  of  the  facial  bones  has 

een  noticed  by  Schiff,  and  Benedikt§  has  observed  a  similar  result  to 
i  ccur  in  certain  muscles;   whilst  it  further  appears  from  Snellen's 

*  As  by  Ludwig,  sec  "  Sitzungsber.  d.  Wien.  Akad.,"  1857 ;  Biffi,  see  Meissnor's 
j  Jahresberieht,"  1858  ;  Budge,  "  Untersuchungen  iiber  das  Nerven  System,"  Bd.  i. ; 

' :'-iff,  "  Comptes  Rendus,"  I860  and  1862;  C.  Bernard,  "  Comptes  Eendus,"  1862, 
I  nd  especially  by  Nasse,  loc.  cit. 

r  +  See  "  Lectures  on  tbc  Central  Nervous  System,"  1860,  lectures  ix.  and  x. 

t  "Comptes  Rendus,"  1853. 
I  §  'Electro-therapic,"  Wien,  1868,  p.  88. 
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researches*  that  even  the  inflammatory  and  reparative  processes  asj 
the  effusion  of  serum,  the  formation  of  pus,  the  absorption  of  effused! 
blood,  and  the  cicatrization  of  wounds,  take  place  with  very  inuchl 
greater  energy  and  rapidity.    On  the  contrary,  when  the  upper  cut  ex-| 
tremity  of  the  nerve  is  galvanized,  all  these  phenomena  are  reversed ;  fori 
now,  as  a  consequence  of  the  contraction  of  the  blood-vessels  and  thel 
diminished  supply  of  blood  which  ensues,  the  vital  properties  of  thel 
tissues  are  diminished,  the  pupil  dilates,  the  eyelid  is  widely  opened,! 
the  temperature  and  sensibility  of  the  parts  decrease,  the  contractile  power  I 
of  the  muscles  is  less  strongly  marked,  their  normal  galvanic  current  is 
feeble,  and  cadaveric  rigidity  sets-in  quickly  and  soon  passes  off,  putre- 
faction immediately  supervening.    The  effects  produced  by  section  of 
the  Sympathetic  in  the  neck  are  much  more  strongly  marked  when  the 
cervical  ganglia  are  destroyed,  and  Bernardf  states  that  closely  similar 
results  lbllow  section  of  the  Sympathetic  nerves  distributed  to  the  vessels 
of  the  extremities.    In  these  later  experiments  he  found  that  division  of 
the  roots  of  the  spinal  nerves  within  the  spinal  canal,  though  abolishing 
sensation  and  motion  in  the  limb  beyond,  yet  produced  no  effect  upon  its 
temperature ;  whilst  if  after  such  section  the  sciatic  or  brachial  nerves 
were  divided,  an  immediate  exaltation  of  temperature  ensued ;  clearly  I 
showing  that  the  nerve-fibres  devoted  to  the  conduction  of  sensory  and 
motor  impulses  issuing  from  the  spinal  cord  had  been  joined  by  a  third 
set  of  fibres,  either  proceeding  directly  from  the  sympathetic  ganglia,  or 
through  and  beyond  these  from  some  part  of  the  cerebro-spinal  system, 
the  office  of  which  is  to  preside  over  the  contraction  of  the  vessels  and 
calorification.  A  further  corroboration  of  this  view  was  obtained  by  expe- 
riments in  which  the  lumbar  ganglia  of  the  Sympathetic  were  destroyed, 
when  the  vascular  changes  and  the  increase  of  temperature  in  the  lower 
limb  were  observed  without  the  occurrence  of  any  paralysis.  Dr.  WallerJ 
has  shown  that  some  of  the  results  of  irritation  of  the  cervical  portion  of 
the  sympathetic  may  be  made  apparent  during  life  by  pressure  of  the 
point  of  the  finger  behind  the  ramus  of  the  jaAV,  though  they  are  associated 
with  other  phenomena  proceeding  from  irritation  of  the  pneuniogastric. 
The  more  important  symptoms  observed  were  dyspnoea,  cardiac  and 
gastric  disturbance,  tingling  and  heat  of  the  ear,  lasting  for  upwards  of 
half  an  hour,  and  in  one  instance  dilatation  followed  by  contraction  of 
the  pupil.  Dr.  Waller§  has  also  ingeniously  shown  the  effects  of  paralysis 
of  the  vaso-motor  nerves  of  the  arm  in  the  living  body,  by  applying  a 
freezing  mixture  to  the  ulnar  nerve  at  the  elbow  ;  the  effect  in  the  first 
instance  being  to  produce  a  fall  of  temperature  equal  to  about  O'O  0.  m 
the  two  inner  fingers ;  but  as  the  vaso-motor  nerves  became  paralysed,  the 
temperature  gradually  rose  till  it  attained  a  height  of  from  5  to  6 
above  that  of  the  outer  fingers :  the  difference  between  the  outer  ana 
inner  fingers  appeared  to  be  partially  attributable  to  a  decrease  in  ta 
temperature  of  the  former  as  well  as  to  an  increase  in  that  of  the  lat  e  , 
owing  to  the  diversion  of  part  of  the  blood  of  the  radial  into  the  uini 
artery. 

*  Henle  and  Meissner's  "  Bericht,"  1857,  p.  373.      ..         .  am, 
+  See  "Gazette  Hebdomad.,"  Aout,  1862;  "Comptes  Rendus,   vol.  n.  ioo  , 
"  Journal  de  la  Physiologie,"  vol.  v.  T)  •  j  _  436, 

t  "  Proceedings  of  the  Eoyal  Society,"  vol.  xi.  p.  302.  S  ima.  }>■ 
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724.  It  is  a  point  of  great  difficulty  to  determine  whether  the  dilatation 
of  the  vessels  of  any  part  which  follows  paralysis  or  section  of  the  Sympa- 
thetic nerves  is  simply  passive ;  or  whether  some  agency  is  here  exerted,  as 
in  the  so-called  inhibitory  influence  of  the  pneumogastric  nerves  upon  the 
heart,  and  of  the  splanchnic  nerves  upon  the  small  intestine,  to  produce 
relaxation  of  the  muscular  fibres,  and  a  consequent  active  dilatation  of  the 
vessels.  M.  Bernard,  who  supports  the  latter  opinion,  refers  to  the  expe- 
riments already  alluded-to  on  the  salivary  glands  and  their  nerves  (§  99), 
as  showing  that,  besides  the  influence  conducted  by  the  sympathetic  cords 
inducing  contraction  of  the  muscular  walls  of  the  vessels  distributed 
to  those  glands,  an  active  dilating  power  proceeding  from  cerebro-spinal 
centres  is  exerted  upon  them,  inducing  an  instantaneous  increase  in  the 
flow  of  blood  through  the  vessels ;  and  SchifF  observes  that  if  the  skin  of  the 
ear  of  a  rabbit  be  lightly  tickled,  a  local  dilatation  immediately  follows  in 
the  arterial  trunks  supplying  that  part,  which  will  take  place  even  if  the 
superior  cervical  sympathetic  ganglion  have  been  previously  excised,  or 
the  cord  of  the  sympathetic  divided  in  the  neck  ;  though  it  ceases  to  occur, 
unless  the  stimulus  applied  be  much  stronger,  when  the  cerebro-spinal 
nerves  distributed  to  the  auricle  are  divided.  SchifF,  however,  whilst 
so  far  agreeing  with  Bernard  as  to  the  occurrence  of  an  active  dilating 
influence  being  exerted  upon  the  muscular  coats  of  the  vessels,  maintains, 
in  opposition  to  the  results  of  the  experiments  above  related  (§  723),  that  all 
the  vaso-motor  nerves  of  the  trunk  and  extremities  originate  in  the  Medulla 
Oblongata,  and,  descending  through  the  spinal  cord,  issue  with  the  anterior 
roots  of  the  spinal  nerves ;  for  he  has  observed  a  marked  elevation  of 
temperature  in  the  foot  and  lower  part  of  the  leg  of  animals  in  which  he 
had  divided  the  anterior  roots  of  the  sacral  nerves,  and  in  the  temperature 
of  the  upper  part  of  the  leg  after  section  of  the  anterior  roots  of  the  three 
or  four  lower  dorsal  nerves.  In  the  face  of  these  discrepant  results, 
obtained  by  able  experimenters,  it  is  obvious  that  no  general  conclusions 
can  be  drawn  as  yet  respecting  the  real  origin  of  the  sympathetic  vaso- 
motor fibres. 

725.  It  can  only  be  through  the  Nervous  System  that  the  Muscular 
apparatus  of  Organic  life  is  acted-upon  by  states  of  Mind.  Although  no 
exertion  of  the  Will  can  produce  any  effect  upon  any  part  of  it,  yet  there 
are  various  organs  whose  muscular  walls  are  influenced  on  the  one  hand 
by  Emotional  states,  and  on  the  other  by  the  state  of  Expectant  Attention. 
The  Heart  sympathizes  so  much  with  the  emotions,  that  the  language  of 
almost  all  civilized  nations  refers  to  it  as  the  seat  of  the  '  feelings'  (§  240 
ct  seq.) ;  but  we  have  as  yet  no  certain  evidence  whether  this  influence  is 
transmitted  through  the  Sympathetic  or  through  the  Pneumogastric  nerve. 
The  former  seems  the  more  probable  channel,  when  we  bear  in  mind 
that  it  can  be  through  the  Sympathetic  alone  that  those  alterations  in  the 
diameter  of  the  blood-vessels  take-place  which  give-rise  to  the  blush  of 
modesty  or  shame,  or  to  the  pallor  which  alternates  with  this  in  many 
states  of  mental  agitation.*  So,  again,  the  influence  of  Emotional  states 
is  strikingly  manifested  in  the  production  of  the  peculiar  turgescence  of 
the  Erectile  tissues  (§  275)  ;  and  here  we  have  a  striking  example  of  the 
utter  powerlessness  of  the  Will,  in  the  well-known  fact,  that  no  amount 

ihe  pallor  of  extreme  fear  or  terror  is  probably  due  rather  to  a  Btate  tending  to 
syncope,  arising  from  a  partial  failure  of  the  Heart's  action. 
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of  sexual  desire  will  produce  erection,  if  the  mind  be  possessed  with  any 
feeling  of  doubt  or  apprehension  as  to  the  existence  of  the  sexual  ability. 
The  muscular  walls  of  the  Alimentary  canal  seem  frequently  to  be 
excited  to  increased  action  by  agitating  emotions ;  but  it  may  be  doubted 
how  far  this  is  a  primary  effect  of  the  mental  state,  or  how  far  it  is  con- 
sequent upon  the  influence  of  that  state  upon  the  Secretions  poured  into 
the  canal  (§  728). — The  influence  of  the  state  of  expectant  attention,  as 
of  the  emotions,  is  strongly  manifested  in  the  case  of  the  Heart ;  the 
action  of  which,  as  Sir  H.  Holland  has  remarked,  "  is  often  quickened 
or  otherwise  disturbed  by  the  mere  centering  the  consciousness  upon  it, 
without  any  emotion  or  anxiety.  On  occasions  where  its  beats  are 
audible,  observation  will  give  proof  of  this,  or  the  physician  can  very 
often  infer  it  while  feeling  the  pulse ;  and  where  there  is  liability  to 
irregular  pulsation,  such  action  is  seemingly  brought-on,  or  increased, 
by  the  effort  of  attention,  even  though  no  obvious  emotion  be  present."* 
There  can  be  no  doubt  that  the  movements  of  the  lower  part  of  the 
Alimentary  Canal  are  capable  of  being  affected  in  a  similar  manner; 
since  we  may  frequently  trace  the  rapid  descent  of  the  feecal  mass  into 
the  rectum,  when  we  expect  to  be  shortly  able  to  discharge  it ;  and  it  is 
in  great  part  in  this  mode,  that  habit  operates  in  producing  a  readiness 
for  defecation  at  particular  times,  and  that  bread-pills  and  other  suppo- 
sititious purgatives  unload  the  bowels."f 

726.  Evidence  derived  from  various  sources  has  been  collected  by 
M.  Brown-Sequard,  tending  to  show  that  reflex  actions  may  take  place 
not  only  through  the  Cerebro-spinal  nerves,  but  also  through  the  cords 
and  ganglia  of  the  Sympathetic  system ;  and  he  has  adduced  many 
instances  of  irritation  applied  to  parts  supplied  by  these  nerves  being 
propagated  to  great  distances,  and  vdtimately  exerting  an  influence  either 
on  striated  or  non-striated  muscular  tissue,  producing  spasmodic  or 

*  "  Chapters  on  Mental  Physiology,"  p.  16. 
f  The  Author  may  mention  the  two  following  cases,  which  have  fallen  within  his 
own  knowledge,  as  curious  illustrations  of  the  influence  of  mental  states  upon  the 
movements  of  the  alimentary  canal.— The  first  of  these  occurred  in  the  person  o  a 
literary  man,  of  a  somewhat  hypochondriacal  temperament,  who  had  been  trouble 
with  continued  costiveness,  for  which  he  had  been  accustomed  to  take  an  aperient 
pill  daily.    Finding  that  this  ceased  to  have  its  usual  effect^  and  being  fearful  ot  in- 
creasing his  regular  dose,  he  applied  for  advice  to  a  practitioner,  who,  having  ia 
former  experience  of  what  Mental  agency  alone  would  do,  determined  to  try  its  ettec 
this  instance.  Seating  his  patient  before  him,  with  the  abdomen  uncovered,  he  desm 
him  to  fix  his  attention  intently  upon  his  abdominal  sensations,  and  assured  him 
in  a  short  time  he  was  quite  certain  that  he  would  begin  to  feel  a  movement  in 
bowels,  which  would  end  in  a  copious  evacuation.     He  himself  did  nothing  tm 
steadily  at  his  patient,  with  an  air  of  great  determination  and  confidenc%a"  L  jn 
his  finger  at  the  abdomen,  moving  it  along  the  arch  of  the  colon,  and  (as  n       '  {n 
the  course  of  the  convolutions  of  the  small  intestines,  so  as  to  aid  ttte  pa  ^ 
fixing  his  attention  upon  them.    In  a  short  time  the  expected  moveme,ntst,^  bowels 
and  a  copious  evacuation  soon  followed;  and  for  some  tune  afterwards,  u 
continued  to  act  freely  without  medicine.— In  the  other  case,  a  Lecti u er i  ^  wM 
Institution  was  seized  with  a  strong  impulse  to  defecation  during  his  lectin  ,  t 
greatly 
lecture 


he  mig.. 

obviously  a  state  of  apprehension  combined  with  the  simple  anticipai .ion,  diyi(luai 
fliience  of  the  latter  is  shown  by  the  fact,  that  in  no  other  place  did  hub 
experience  the  impulse  in  question  under  the  like  circumstances. 
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sistent  contraction,  or  atrophy ;  or  upon  nervous  tissue,  producing 
paralysis,  anaesthesia,  or  hyperesthesia ;  or  upon  glandular  structures, 
jausing  increased  or  altered  secretion;  or,  lastly,  upon  the  substance  of 
lie  tissue  itself,  effecting  a  modification  in  the  nutritive  functions,  as 
iulicated  by  alterations  in  its  structure  and  changes  in  its  temperature 
ind  vital  properties.*  The  effects  of  irritation  of  the  peripheral  branches 
>f  the  Sympathetic  nerves  upon  the  voluntary  muscles  are  often  witnessed 
a  the  Strabismus  and  epileptiform  seizures,  which  are  frequently  occa- 
ioned  by  the  presence  of  worms  in  the  intestinal  canal ;  whilst  the  influ- 
uce  exerted  upon  the  unstriped  form  of  muscular  tissue  may  be  seen  in 
lie  irregular  contractions  of  the  intestines,  accompanied  by  colic  and 
iarrhcea,  which  are  produced  by  the  passage  of  unwholesome  substances 
hrough  the  digestive  tract.    The  influence  of  such  irritation  in  pro- 
ucing  reflex  paralysis,  or  some  other  symptom  indicative  of  disorder  of 
le  nervous  system,  may  be  proved  by  reference  to  many  recorded 
ises  of  paraplegia  induced  by  disease  of  the  bladder,  prostate,  or 
idney,  and  to  a  similar  effect  produced  in  children  by  irritation  of 
te  dental  nerves  or  of  the  bowels.    Examples  of  the  reflex  action  of 
ie  nervous  system  upon  glands  through  fibres  belonging  to  the  Cerebro- 
rinal  system  have  been  already  mentioned  in  the  description  of  the 
I  ;patic  (§  398),  salivary  (99),  and  renal  (§  407)  glands  ;  and  there  are 
:  irious  instances  on  record  of  a  similar  effect  being  produced  through 
I  e  agency  of  the  Sympathetic  system, — as  in  the  case  described  by 
k  r.  Gairdner,  where  the  oesophagus  being  divided  in  a  man,  a  quantity  of 
\  diva,  amounting  to  from  four  to  six  ounces,  was  secreted,  whilst  a  meal 
|  broth  was  injected  into  the  stomach  ;  and  in  the  instance  observed  by 
)f\  Brown-Sequard  of  the  secretion  of  gastric  juice  following  injections  of 
r:irm  water  into  the  rectum  of  a  dog  in  which  a  gastric  fistula  had 
\  en  formed.    Various  examples  of  disturbance  of  vaso-motor  nerves, 
r  parently  of  a  similarly-reflex  character,  supervening  in  the  course  of 
i  :onic  diseases,  have  been  collected  by  M.  Leudet;|  who  especially 
' ers  to  changes  in  the  sensibility,  motion,  and  temperature  of  different 
|  *ts  of  the  body,;};  as  for  instance,  flying  muscular  pains,  formication, 
I  mbness,  "  dying  out"  of  one  or  more  fingers,  and  paralysis  occurring  in 
I  ihisis,  scurvy,  and  Saturnine  poisoning. 

'1727.  The  influence  of  the  Nervous  System  upon  those  formative  pro- 
ves which  constitute  the  function  of  Nutrition,  is  less  evident  than  it  is 
m  the  Secretory  operations ;  and  the  nature  of  this  influence  is  rather 
I  )e  inferred  from  the  results  of  its  withdrawal,  than  to  be  demonstrated 
|  my  more  direct  manner.    These  results  are  chiefly  to  be  seen  in  the 
I  red  nutrition  of  parts  exposed  to  external  impressions,  as  the  integu- 
|  its  generally,  but  particularly  those  of  the  extremities  ;  and  they  may 
I  generally  expressed  by  the  statement,  that  the  withdrawal  of  nervous 
I  uence  from  a  part  renders  it  less  able  to  withstand  the  destructive 
I  Jence  of  physical  agencies.    It  has  been  clearly  shown,  however,  by 
I  careful  experiments  of  M.  Brown-Sequard,  that  a  great  part  of  the 
I  rious  effects  which  may  be  observed  to  follow  injuries  of  the  nerves 
I  *  or  some  interesting  facts  relating  to  tho  sympathy  that  exists  hetween  the 
I  'Ponding  parts  of  opposite  sides  of  the  hody,  see  Prof.  Erraerin'a  ohservations 

Mnphry  and  Turner's  "  Journal  of  Anatomy,"  vol.  i.  p.  176. 
I    Archives  Generates  do  Mddecine,"  1864,  vol.  i.  p.  J50. 
I  fceo  also  Walshc,  "  Treatise  on  Diseases  of  the  Lungs,"  1860,  p.  458. 
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of  the  extremities,  experimentally  inflicted,  are  traceable  to  want  of  power 
on  the  part  of  the  animal  (consequent  upon  the  paralyzed  state  of  the 
limbs)  to  withdraw  them  from  irritating  impressions  ;  and  must  not  be 
attributed  to  any  deterioration  of  the  formative  operations,  directly 
resulting  from  the  withdrawal  of  nervous  agency.  The  following  case, 
however,  which  is  given  by  Mr.  Paget*  on  the  authority  of  Mr.  Hilton, 
seems  more  unequivocally  to  establish  this  connection  : — "A  man  was  at 
Guy's  Hospital,  several  years  ago,  who,  in  consequence  of  a  fracture  at 
the  lower  end  of  the  radius,  repaired  by  an  excessive  quantity  of  new 
bone,  suffered  compression  of  the  median  nerve.  He  had  ulceration  of 
the  thumb,  and  of  the  fore  and  middle  fingers,  which  had  resisted  various 
treatment,  and  was  cured  only  by  so  binding  the  wrist,  that  the  parts  on  the 
palmar  aspect  being  relaxed,  the  pressure  on  the  nerve  was  removed. 
So  long  as  this  Avas  done,  the  ulcers  became  and  remained  well;  but  as 
soon  as  the  man  was  allowed  to  use  his  hand,  the  pressure  on  the  nerves 
was  removed,  and  the  ulceration  in  the  parts  supplied  by  it  returned." 
Mr.  Pagetf  also  mentions  the  following  curious  case  : — "  A  lady  who  is 
subject  to  attacks  of  what  are  called  nervous  headaches,  always  finds 
next  morning  that  some  patches  of  her  hair  are  white,  as  if  powdered 
with  starch.  The  change  is  effected  in  a  night ;  and  in  a  few  days  after, 
the  hairs  gradually  regain  their  dark  brownish  colour." — That  such 
effects  are  rather  to  be  attributed  to  the  loss  or  perversion  of  the  influ- 
ence of  the  Sympathetic  system,  than  to  that  of  the  Cerebro-spinal, 
would  appear  from  the  fact  noticed  by  Magendie  and  Longet,  that  de- 
structive inflammation  of  the  eye  ensues  more  quickly  after  division  of 
the  Fifth  pair  in  front  of  the  Gasserian  ganglion,  than  when  the  division 
is  made  through  the  roots  of  the  nerve,  between  that  ganglion  and  the 
brain  ;  the  Sympathetic  filaments  which  exist  largely  in  this  nerve, 
being  interrupted  in  their  course  to  the  tissues  in  the  former  case,  but 
not  in  the  latter.  So  Dr.  Axmann  found,  that  when  the  Spinal  nerves 
of  Frogs  were  divided  m  front  of  their  Prevertebral  ganglia,  the  nutri- 
tion of  the  parts  supplied  by  them  was  much  more  injuriously  affected, 
than  it  was  when  the  section  was  made  between  these  ganglia  and  the 
Spinal  Cord.  And  this  inference  is  further  supported  by  the  general 
result  of  observation,  that  atrophy  of  parts  supplied  by  the  Spinal 
nerves  is  much  greater  when  the  sensory  (gangliated)  as  well  as  the 
motor  roots  are  involved,  that  when  the  latter  alone  are  paralyzed.  J— 
In  considering  these  and  similar  cases,  however,  caution  is  requisite  to 
avoid  confounding  the  effects  of  irritation  producing  reflex  action  ot  an 
abnormal  character,  with  those  of  absence  of  action  of  the  nervous 
system  in  any  part,  owing  to  disease  or  injury  of  the  nervous  ^iinKS. 


Simple  absence  of  action  usually  produces  but  little  effect.  Irnta tion, 
on  the  contrary,  especially  in  nerves  distributed  to  the  skin,  is 
followed  by  cutaneous  eruptions,  as  Herpes,  Pemphigus,  &c.fc  An 
teresting  case  of  the  results  of  absence  of  action  has  been  recoiae  j 
Mr.  Jon.  Hutchinson,||  where  a  deep  cut  of  the  wrist  was  recei  ^ 
which  was  followed  by  swelling  and  blistering  of  the  tore-nng  , 

*  "  Lectures  on  Surgical  Pathology,"  vol.  i.  p.  43.  t  °P-  clt  *  46' 

J  Paget,  Op.  cit.  p.  48.  .  ,    .  „  1Qr0  vni     0.  J 08. 

§  Sec  M.  Charcot's  cases  in  "  Journal  de  la  Physiologie,    1359,  vol.  n.  p. 
II  "  Mod.  Times  and  Gaz.,"  vol.  ii  1863,  p.  197. 
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temperature  of  which  was  lowered  to  10°  Fahr.  below  that  of  the  thumb 
(76° :  86°).  In  this  instance  there  was  complete  insensibility  of  the 
last  and  part  of  the  second  phalanx,  the  latter  symptoms  enduring  for 
two  years.  Again  in  the  inflammation  just  alkided-to  as  occurring  in 
the  eye  after  section  of  the  Fifth  nerve,  the  mere  act  of  division,  if  this 
be  accomplished  by  a  clean  cut,  appears  to  have  but  little  effect  when  the 
eye  is  carefully  protected ;  but  the  nutrition  of  the  part  is  so  far  altered, 
that  exposure  to  sources  of  irritation,  which  in  the  sound  eye  are  in- 
operative, are  now,  owing  to  diminished  power  of  resistance,  sufficient 
to  occasion  acute  inflammation  ;*  and  the  same  explanation  may  pro- 
bably be  offered  for  the  changes  occurring  in  the  lungs  after  section  of 
Pneumogastrics  (§  301). 

728.  The  influence  of  particular  conditions  of  the  Mind,  in  exciting, 
suspending,  or  modifying  various  Secretions,  is  a  matter  of  daily  ex- 
perience.   The  Lachrymal  secretion,  for  example,  which  is  contimially 
being  formed  to  a  small  extent  for  the  purpose  of  bathing  the  surface  of  the 
eye,  is  poured-out  in  great  abundance  under  the  moderate  excitement  of 
the  emotions,  either  of  joy,  tenderness,  or  grief.    It  is  checked,  however, 
by  violent  emotions ;  hence  in  intense  grief,  the  tears  do  not  flow ;  and  it  is 
a  well-known  indication  of  moderated  sorrow  when  the  gush  takes  place, 
this  very  act  affording  a  further  relief.    The  flow  of  Saliva,  again,  is 
stimulated  by  the  sight,  the  smell,  the  taste,  or  even  by  the  thought  of 
food,  especially  of  such  as  is  of  a  savoury  character.  On  the  other  hand, 
violent  emotion  may  suspend  the  salivary  secretion ;  as  is  shown  by  the 
well-known  test,  often  resorted-to  in  India,  for  the  discovery  of  a  thief 
imongst  the  servants  of  a  family, — that  of  compelling  all  the  parties  to 
aold  a  certain  quantity  of  rice  in  the  mouth  during  a  few  minutes, — the 
offender  being  generally  distinguished  by  the  comparative  dryness  of  his 
nouthful  at  the  end  of  the  experiment.   There  is  much  reason  to  believe 
hat  the  secretion  of  Gastric  fluid  is  affected,  in  the  same  manner  as  that 
)f  the  saliva,  by  the  impressions  made  by  food  upon  the  senses;  for 
t  has  been  ascertained  by  Bidder  and  Schmidtf  that  it  is  copiously 
iffused  into  the  stomachs  of  dogs  that  have  been  kept  fasting,  when 
lesh  or  any  other  attractive  food  is  placed  before  them.    That  the 
I  ecretion,  on  the  other  hand,  is  entirely  suspended  by  powerful  mental 
I  motion,  seems  almost  certain,  from  the  well-known  influence  which  this 
!  as  m  dissipating  the  appetite  for  food,  and  in  suspending  the  digestive 
I  rocess  when  in  active  operation.    As  a  cheerful  state  of  feeling,  on  the 
I  ther  hand,  seems  to  be  decidedly  favourable  to  the  performance  of  the 
|  'gestive  function,  it  probably  exerts  a  beneficial  influence,  as  to  both 
I  uant;ty  and  quality,  on  the  secretion  of  gastric  fluid.    Of  the  influence 

■  mental  states  on  other  secretions  concerned  in  the  reduction  and  appro- 
I  nation  of  the  food  (such  as  the  Biliary,  Pancreatic,  and  Intestinal  fluids), 
|  either  observation  nor  experiment  has  as  yet  afforded  any  satisfactory 
I  formation.  It  is  a  prevalent,  and  perhaps  not  an  ill-founded  opinion, 
1  at  melancholy  and  jealousy  have  a  tendency  to  increase  the  quantity, 
I  d  to  vitiate  the  quality,  of  the  Biliary  fluid.  Perhaps  the  disorder  of 
|  e  organic  functions  is  more  commonly  the  source  of  the  former  emotion 

'See  the  report  of  Snellen's  researches  in  Henle  and  Moissner's  "  Bericht"  for 
I  ,7>  P-  370 ;  and  Biittner  in  "Zeitschiift  f.  Rat.  Medicin,"  Bd.  xv.  p.  254. 

+  Op.  cit.  p.  35. 


812 


INFLUENCE  OF  THE  NERVOUS  SYSTEM 


than  its  consequence  ;  but  it  is  certain  that  the  indulgence  of  these  feel- 
ings produces  a  decidedly  morbific  effect  by  disordering  the  digestive 
processes,  and  thus  reacts  upon  the  nervous  system  by  impairing  its 
healthy  nutrition.  A  copious  secretion  of  fcetid  gas  not  unfrequently 
takes-place  in  the  intestinal  canal,  under  the  influence  of  any  disturbing 
emotion ;  or  the  usual  fluid  secretions  from  its  walls  are  similarly  dis- 
ordered. The  tendency  to  Defecation  which  is  commonly  excited  under 
such  circumstances,  is  not,  therefore,  due  simply  to  the  relaxation  of  the 
sphincter  ani  (as  commonly  supposed) ;  but  is  partly  dependent  on  the 
unusually-stimulating  character  of  the  fasces  themselves.  The  same 
may  be  said  of  the  tendency  to  Micturition,  which  is  experienced  under 
similar  conditions  ;  the  change  in  the  character  of  the  Urine  becoming 
perceptible  enough  among  many  animals,  in  which  it  acquires  a  power- 
fully-disagreeable odour  under  the  influence  of  fear,  and  thus  answers  the 
purpose  which  is  effected  in  others  by  a  peculiar  secretion.  The  halitus 
from  the  Lungs  is  sometimes  almost  instantaneously  affected  by  bad  news, 
so  as  to  produce  foetid  breath.  The  odoriferous  secretion  of  the  Skin, 
which  is  much  more  powerful  in  some  individuals  than  others,  is  increased 
under  the  influence  of  certain  mental  emotions  (as  fear  or  bashfulness), 
and  commonly  also  by  sexual  desire.  The  Sexual  secretions  themselves 
are  strongly  influenced  by  the  condition  of  the  mind.  When  it  is  fre- 
quently and  strongly  directed  towards  objects  of  passion,  these  secretions 
are  increased  in  amount,  to  a  degree  which  may  cause  them  to  be  a  very 
injurious  drain  on  the  powers  of  the  system.  On  the  other  hand,  the 
active  employment  of  the  mental  and  bodily  powers  on  other  objects,  has 
a  tendency  to  render  less  active,  or  even  to  check  altogether,  the  pro- 
cesses by  which  they  are  elaborated.* 

729.  No  Secretion  so  strongly  manifests  the  influence  of  the  Nervous 
system,  and  especially  of  Emotional  states,  both  upon  its  quantity  and  its 
quality,  as  that  of  the  Mammary  glands.  Although  the  production  of 
Milk,  when  once  established,  continually  goes-on  in  the  breasts  of  a 
nursing  female,  yet  it  is  obviously  accelerated  in  the  first  instance,  and 
augmented  afterwards,  by  the  mechanical  irritation  of  the  nipple  pro- 
duced by  the  suction  of  the  infant ;  and  this  alone  (or  in  combination 

*  This  is  a  simple  Physiological  fact,  but  of  high  Moral  application.   The  Author 
would  say  to  those  of  his  younger  readers,  who  urge  the  wants  of  Nature  as  an  excuse 
for  the  illicit  gratification  of  the  sexual  passion,  "  Try  the  effects  of  close  mental 
application  to  some  of  those  ennobling  pursuits  to  which  your  profession  introduces 
you,  in  combination  with  vigorous  bodily  exercise  (for  the  effects  of  which  see  §  o  j 
before  you  assert  that  the  appetite  is  nnrestrainable,  and  act  upon  that  assertion- 
Nothing  tends  so  much  to  increase  the  desire,  as  the  continual  direction  of  the  nu 
towards  the  objects  of  its  gratification,  especially  under  the  favouring  m^ence 
sedentary  habits  ;  whilst  nothing  so  effectually  represses  it,  as  the  determinate  exeJ". 
of  the  mental  faculties  upon  ether  objects,  and  the  expenditure  of  nervous  eneu,} 
other  channels. — There  seems  to  be  something  in  the  process  of  training  voun° 
for  the  Medical  Profession,  which  encourages  in  them  a  laxity  of  thought  ana  exp  ^ 
sion  on  these  matters,  that  too  frequently  ends  in  a  laxity  of  principle  and  olacii i  . 
might  have  been  expected  that  those  who  are  so  continually  witnessing  the  mei«  ^ 
consequences  of  the  violation  of  the  Divine  Law  in  this  particular,  would  be  ^ 
to  break  it  themselves  ;  but  this  is  unfortunately  very  far  from  being  tlie  caw.  d 
Author  regrets  being  obliged  further  to  remark,  that  some  works  wuicn nav   ^  ^ 
from  the  Medical  press,  contain  much  that  is  calculated  to  excite,  ratne  i  ■  <  ^ 
press,  the  propensity  ;  and  that  the<  advice  sometimes  given  by  practitioner 
patients,  is  immoral  as  well  as  unscientific. 
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j  with  the  strong  desire  to  furnish  milk)  has  been  effectual  in  producing 
[  the  secretion  in  girls  and  old  women,  and  even  in  men.  Again,  in 
|  She  nursing  female  the  secretion  is  often  suddenly  augmented  by  the 

tight  of  the  infant,  or  even  by  the  thought  of  him  in  absence,  especially 
i  vhen  associated  with  the  idea  of  suckling  ;  this  gives  rise  to  the  sudden 
[  -ush  of  blood  to  the  gland,  which  is  known  by  nurses  as  the  draught, 
\  ind  which  may  probably  be  attributed  to  a  dilatation  of  the  Mammary 
I  irteries,  through  the  instrumentality  of  their  Sympathetic  nerves,  analo- 
|  rous  to  that  which  takes-place  in  the  act  of  blushing  (§  725). — Although 
[  ve  are  continually  witnessing  indications  of  the  powerful  influence  of 

^notional  states  upon  the  qualities  of  the  Mammary  secretion,  yet  it  is 
l  >robable  that  such  influence  is  not  at  all  peculiar  to  the  milk ;  and  that 
l  v-e  only  recognize  it  more  readily  in  this  case,  because  the  digestive 

ystem  of  the  Infant  is  a  more  delicate  apparatus  for  testing  it  than 
i  ny  which  the  Chemist  can  devise ;  affording  proof,  by  disorder  of  its 
:  unction,  of  changes  in  the  character  of  the  secretion  which  no  examina- 

ion  of  its  physical  properties  could  detect.    The  following  remarks  on 

his  subject  are  abridged  from  Sir  A.  Cooper's  valuable  work  on  the 
r.Irireast : — "  The  secretion  of  milk  proceeds  best  in  a  tranquil  state  of 
;  lind,  and  with  a  cheerful  temper  ;  then  the  milk  is  regularly  abundant, 

nd  agrees  well  with  the  child.  On  the  contrary,  a  fretful  temper  lessens 

>  Ihe  quantity  of  milk,  makes  it  thin  and  serous,  and  causes  it  to  disturb 
slihe  child's  bowels,  producing  intestinal  fever  and  much  griping.  Fits 

I  f  anger  produce  a  very  irritating  milk,  followed  by  griping  in  the 
trltifant,  with  green  stools.    Grief  has  a  great  influence  on  lactation,  and 
wl-onsequently  upon  the  child.    The  loss  of  a  near  and  dear  relation,  or 
-  |i  change  of  fortune,  will  often  so  much  diminish  the  secretion  of  milk, 
(is  to  render  adventitious  aid  necessary  for  the  support  of  the  child. 
vvlnxiety  of  mind  diminishes  the  quantity,  and  alters  the  quality,  of  the 
.  |iiilk.    The  reception  of  a  letter  which  leaves  the.  mind  in  anxious  sus- 
irsnse,  lessens  the  draught,  and  the  breast  becomes  empty.    If  the  child 
i  3  ill,  and  the  mother  is  anxious  respecting  it,  she  complains  to  her 
/  r  edical  attendant  that  she  has  little  milk,  and  that  her  infant  is  griped 
i  lad  has  frequent  green  and  frothy  motions.    Fear  has  a  powerful  in- 
1 i  uence  on  the  secretion  of  milk.   I  am  informed  by  a  medical  man  who 
•actises  much  among  the  poor,  that  the  apprehension  of  the  brutal  con- 

>  I'lct  of  a  drunken  husband  will  put  a  stop  for  a  time  to  the  secretion  of 

ilk.  When  this  happens,  the  breast  feels  knotted  and  hard,  flaccid 
I  om  the  absence  of  milk,  and  that  which  is  secreted  is  highly  irritating ; 
I  id  some  time  elapses  before  a  healthy  secretion  returns.  Terror,  which 
|  sudden  and  great  fear,  instantly  stops  this  secretion."  Of  this  two 
l.riking  instances,  in  which  the  secretion,  although  previously  abundant, 
\  las  completely  arrested  by  this  emotion,  are  detailed  by  Sir  A.  Cooper, 
f  Those  passions  which  are  generally  sources  of  pleasure,  and  which, 

I  hen  moderately  indulged,  are  conducive  to  health,  will,  when  carried 
I »  excess,  alter,  and  even  entirely  check,  the  secretion  of  milk." 

f  730.  There  is  even  evidence  that  the  Mammary  secretion  may  acquire 

I I  actually  poisonous  character,  under  the  influence  of  violent  mental 
I  .citement ;  for  certain  phenomena  which  might  otherwise  be  regarded 

1 1  no  other  light  than  as  simple  coincidences,  appear  to  justify  this  in- 
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already  mentioned.    "A  carpenter  fell  into  a  quarrel  with  a  soldier 
billeted  in  his  house,  and  was  set-upon  by  the  latter  with  his  drawn 
sword.    The  wife  of  the  carpenter  at  first  trembled  from  fear  and  terror 
and  then  suddenly  threw  herself  furiously  between  the  combatants' 
wrested  the  sword  from  the  soldier's  hand,  broke  it  in  pieces,  and  threw 
it  away.    During  the  tumult,  some  neighbours  came-in  and  separated 
the  men.    While  in  this  state  of  strong  excitement,  the  mother  took-up 
her  child  from  the  cradle,  where  it  lay  playing,  and  in  the  most  perfect 
health,  never  having  had  a  moment's  illness ;  she  gave  it  the  breast 
and  in  so  doing  sealed  its  fate.    In  a  few  minutes  the  infant  left-off 
sucking,  became  restless,  panted,  and  sank  dead  upon  its  mother's 
bosom.    The  physician  who  was  instantly  called-in,  found  the  child 
lying  in  the  cradle,  as  if  asleep,  and  with  its  features  undisturbed ;  but 
all  his  resources  were  fruitless.    It  was  irrecoverably  gone."*    In  this 
interesting  case,  the  milk  must  have  undergone  a  change  which  gave  it 
a  powerful  sedative  action  upon  the  susceptible  nervous  system  of  the 
infant. — The  following,  which  occurred  within  the  Author's  own  know- 
ledge, is  perhaps  equally  valuable  to  the  Physiologist,  as  an  example  of 
the  similarly-fatal  influence  of  undue  emotion  of  a  different  character; 
and  both  should  serve  as  a  salutary  warning  to  mothers,  not  to  indulge 
either  in  the  exciting  or  in  the  depressing  passions.    A  lady  having 
several  children,  of  which  none  had  manifested  any  particular  tendency 
to  cerebral  disease,  and  of  which  the  youngest  was  a  healthy  infant  a 
few  months  old,  heard  of  the  death  (from  acute  hydrocephalus)  of  the 
infant  child  of  a  friend  residing  at  a  distance,  with  whom  she  had  been 
on  terms  of  close  intimacy,  and  whose  family  had  increased  almost  con- 
temporaneously with  her  own.    The  circumstance  naturally  made  a 
strong  impression  on  her  mind ;   and  she  dwelt  upon  it  the  more, 
perhaps,  as  she  happened,  at  that  period,  to  be  separated  from  the  rest 
of  her  family,  and  to  be  much  alone  with  her  babe.    One  morning, 
shortly  after  having  nursed  it,  she  laid  the  infant  in  its  cradle,  asleep 
and  apparently  in  perfect  health  ;  her  attention  was  shortly  attracted  to 
it  by  a  noise  ;  and  on  going  to  the  cradle,  she  found  her  infant  in  a  con- 
vulsion, which  lasted  a  few  moments  and  then  left  it  dead.  Now, 
although  the  influence  of  the  mental  emotion  is  less  unequivocally  dis- 
played in  this  case  than  in  the  last,  it  can  scarcely  be  a  matter  of  doubt ; 
since  it  is  natural  that  no  feeling  should  be  stronger  in  the  mother's 
mind  under  such  circumstances,  than  the  fear  that  her  own  beloved 
child  should  be  taken  from  her,  as  that  of  her  friend  had  been ;  md  it 
is  probable  that  she  had  been  particularly  dwelling  on  it,  at  the  time  of 

*  Dr.  Von  Ammon,  in  his  treatise  "  Die  ersten  Mutterpflickten  unci  die  erste  Kin- 
despflege,"  quoted  in  Dr.  A.  Oombe's  excellent  little  work  on  "The  Management  of 
Infancy."— Similar  facts  are  recorded  by  other  writers.  Mr.  Wardrop  mentions 
("Lancet,"  No.  516),  that  having  removed  a  small  tumour  from  behind  the  ear  o  a 
mother,  all  went  well,  until  she  fell  into  a  violent  passion  ;  and  the  child,  being  suckled 
soon  afterwards,  died  in  convulsions.  He  was  sent-for  hastily  to  see  another  child  m 
convulsions,  after  taking  the  breast  of  a  nurse  who  had  just  been  severely  reprimandea, 
and  he  was  informed  by  Sir  Richard  Croft,  that  he  had  seen  many  similar  instances. 
Three  others  are  recorded  by  Burdach  ("  Physiologic"  §  522) ;  m  one  of  them,  toe 
infant  was  seized  with  convulsions  on  the  right  side  and  hemiplegia  on  tbc  usn,  m 
sucking  immediately  after  its  mother  had  met  with  some  distressing  occurrem .  . 
Another  case  was  that  of  a  puppy,  which  was  seized  with  epileptic  convulsions,  u 
sucking  its  mother  after  a  fit  of  rage. 
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nursing  the  infant  on  that  morning. — Another  instance,  in  which  the 
maternal  influence  was  less  certain,  but  in  which  it  was  not  improbably 
the  immediate  cause  of  the  fatal  termination,  occurred  in  a  family 
nearly  related  to  the  Author's.  The  mother  had  lost  several  children 
in  early  infancy,  from  a  convulsive  disorder ;  one  infant,  however,  sur- 
vived  the  usually-fatal  period;  but  whilst  nursing  him  one  morning, 
she  had  been  strongly  dwelling  on  the  fear  of  losing  him  also,  although 
he  appeared  a  very  healthy  child.  In  a  few  minutes  after  the  infant 
had  been  transferred  into  the  arms  of  the  nurse,  and  whilst  she  was 
urging  her  mistress  to  take  a  more  cheerful  view,  directing  her  attention 
to  his  thriving  appearance,  he  was  seized  with  a  convulsion-fit,  and  died 
almost  instantly.  Now  although  there  was  here  unquestionably  a  pre- 
disposing cause,  of  which  there  is  no  evidence  in  the  other  cases,  it  can 
scarcely  be  doubted  that  the  exciting  cause  of  the  fatal  disorder  is  to  be 
referred  to  the  mother's  anxiety.  This  case  offers  a  valuable  sugges- 
tion,— which,  indeed,  would  be  afforded  by  other  considerations,  that  an 
infant  under  such  circumstances  should  not  be  nursed  by  its  mother,  but 
by  another  woman  of  placid  temperament,  who  has  reared  healthy 
children  of  her  own. 

731.  There  is  abundant  evidence  that  a  sudden  and  violent  excite- 
ment of  some  depressing  Emotion,  especially  Terror,  may  produce  a 
severe  and  even  a  fatal  disturbance  of  the  Organic  functions ;  with 
general  symptoms  (as  Guislain*  has  remarked)  so  strongly  resembling 
jhose  of  sedative  Poisoning,  as  to  make  it  highly  probable  that  the  blood 
s  directly  affected  by  the  Emotional  state,  through  Nervous  agency  ; 
i  ind,  in  fact,  the  emotional  alteration  of  various  secretions,  just  alluded- 
»  (§§  728,  730),  seems  much  more  probably  attributable  to  some  such 
iffection  of  the  blood,  than  to  a  primary  disturbance  of  the  secreting 
>rocess  itself.    Although  there  can  be  no  doubt  that  the  habitual  state 
»f  the  Emotional  sensibility  has  an  important  influence  upon  the  general 
ctivity  and  perfection  of  the  Nutritive  processes, — as  is  shown  by  the 
i  vell-nourished  appearance  usually  exhibited  by  those  who  are  free  from 
aental  anxiety  as  well  as  from  bodily  ailment,  contrasted  with  the 
:  lean  and  hungry  look"  of  those  who  are  a  prey  to  continual  dis- 
k  uietude, — yet  it  is  not  often  that  we  have  the  opportunity  of  ob- 
j»  arving  the  production  of  change  in  the  nutrition  of  any  specific  part,  by 
\  trong  emotional  excitement.    In  the  two  following  cases,  the  cor- 
\  aspondence  of  the  effects  to  their  alleged  causes  may  have  been  only 
L-asual;  and  a  much  larger  collection  of  facts   would  be  needed  to 
r  ttablish  the  rationale  here  advanced  as  probable.     But  so  many 
J  nalogous  though  less  strongly-marked  phenomena  are  presented  in  the 
I  icords  of  medical  experience,  and  the  influence  of  the  Emotions  upon 
ji  ie  products  of  Secretion  is  so  confirmatory,  that  there  does  not  seem 
I  ay  reasonable  ground  for  hesitation,  in  admitting  that  the  same  expla- 
I  ation  may  apply  here  also.    The  first  of  these  cases,  cited  by  Guislain 
oc.  cit.)  from  Ridard,  is  that  of  a  woman  who,  after  seeing  her 
mghter  violently  beaten,  was  seized  with  great  terror,  and  suddenly 
I  icame  affected  with  gangrenous  erysipelas  of  the  right  breast.    But  a 
I  ul  more  remarkable  example  of  local  disorder  of  nutrition,  occasioned 
1 7  powerful  emotion,  and  determined  as  to  its  scat  by  the  intense  direc- 
*  "  Logons  Orales  sur  les  Phr&iopathies,"  torn.  iii.  pp.  1G5-168. 


816 


INFLUENCE  OF  THE  NERVOUS  SYSTEM 


tion  of  the  attention  to  a  particular  part  of  the  body,  is  narrated  by  Mr 
Carter.*    "  A  lady,  who  was  watching  her  little  child  at  play,  Saw  a 
heavy  window-sash  fall  upon  its  hand,  cutting  off  three  of  the  fingers  • 
and  she  wa3  so  much  overcome  by  fright  and  distress  as  to  be  unable 
to  render  it  any  assistance.    A  surgeon  was  speedily  obtained  who 
having  dressed  the  woimds  turned  himself  to  the  mother,  whom  he 
found  seated,  moaning,  and  complaining  of  pain  in  her  hand.  On 
examination,  three  fingers,  corresponding  to  those  injured  in  the  child 
were  discovered  to  be  swollen  and  inflamed,  although  they  had  ailed 
nothing  prior  to  the  accident.    In  four-and-twenty  hours,  incisions 
were  made  into  them,  and  pus  was  evacuated ;  sloughs  were  afterwards 
discharged,  and  the  wounds  ultimately  healed." 

732.  The  influence  of  the  state  of  expectant  attention,  in  modifying 
the  processes  of  Nutrition  and  Secretion,  is  not  less  remarkable  than  we 
have  already  seen  it  to  be  in  the  production  or  modification  of  Muscular 
movements  (§  725).    It  seems  certain  that  the  simple  direction  of  the 
consciousness  to  a  part,  independently  of  emotional  excitement,  but  with 
the  expectation  that  some  change  will  take  place  in  its  organic  activity, 
is  often  sufficient  to  induce  such  an  alteration ;  and  would  probably 
always  do  so,  if  the  concentration  of  the  attention  were  sufficient.  The 
most  satisfactory  exemplification  of  this  principle  has  been  given  by  the 
experiments  of  Mr.  Braid,  who  has  succeeded  in  producing  very  decided 
changes  in  the  secretions  of  particular'  organs,  by  the  fixation  of  the 
attention  upon  them  in  the  '  hypnotic'  state  (§  593).    Thus  he  brought- 
back  an  abundant  flow  of  milk  to  the  breast  of  a  female  who  was  leaving- 
off  nursing  from  defect  of  milk,  and  repeated  the  operation  upon  the 
other  breast  a  few  days  subsequently,  after  which  the  supply  was 
abundant  for  nine  months ;  and  in  another  instance  he  induced  the  cata- 
menial  flow  on  several  successive  occasions,  when  the  usual  time  of  its 
appearance  had  passed.    It  is  not  requisite,  however,  to  produce  the 
state  of  Somnambulism  for  this  purpose,  if  the  attention  can  be  sufficiently 
drawn  to  the  subject  in  any  other  mode  ;  thus  Mr.  Braidf  has  repeatedly 
produced  the  last-named  result  on  a  female  who  possessed  considerable 
power  of  mental  concentration,  by  inducing  her  to  fix  her  thoughts  upon 
it  for  ten  or  fifteen  minutes,  so  as  to  bring-on  a  state  of  Abstraction. —  I 
Now  the  effects  which  are  producible  by  this  voluntary  or  determinate  E 
direction  of  the  consciousness  to  the  result,  are  doubtless  no  less  pro-  l 
ducible  by  that  involuntary  fixation  of  the  attention  upon  it,  which  is  | 
consequent  upon  the  eager  expectation  of  benefit  from  some  curative 
method  in  which  implicit  confidence  is  placed.    It  is  to  such  a  state  that 
we  may  fairly  attribute  most,  if  not  all,  the  cures,  which  have  been  ( 
worked  through  what  is  popularly  termed  the  '  imagination.'  The  cures  I 
are  real  facts,  however  they  may  be  explained ;  and  there  is  scarcely  a 
malady  in  which  amendment  has  not  been  produced,  not  merely  m  the 
estimation  of  the  patient,  but  in  the  more  trustworthy  opinion  of  medical 
observers,  by  practices  which  can  have  had  no  other  effect  than  to  direct 
the  attention  of  the  sufferer  to  the  part,  and  to  keep  alive  his  confident 


*  "  On  the  Pathology  and  Treatment  of  Hysteria,"  p.  24 
t  See  his  important  Memoir  on  '  Hypnotic  Therapeutics,'  m    ™;  "JJ 
Journal,"  July,  1853.— Of  the  reality  of  this  last  result,  the  Author  has  had  anoppo 
tunity,  through  Mr.  Braid's  kindness,  of  personally  satisfying  hnnseJt. 
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expectation  of  the  cure.  The  '  charming-away'  of  warts  by  spells  of  the 
most  vulgar  kind,  the  imposition  of  royal  hands  for  the  cure  of  the 
'evil,'  the  paAvings  and  strokings  of  Valentine  Greatrakes,  the  manipula- 
tions practised  with  the  1  metallic  tractors,'*  the  invocations  of  Prince 
Hohenlohe,  et  hoc  genus  omne, — not  omitting  the  globulistic  administra- 
tions of  the  Infinitesimal  doctors,  and  the  manipulations  of  the  Mesmerists, 
of  our  own  times, — have  all  worked  to  the  same  end,  and  have  all  been 
alike  successful.  It  is  unquestionable  that,  in  all  such  cases,  the  benefit 
derived  is  in  direct  proportion  to  the  faith  of  the  sufferer  in  the  means 
employed ;  and  thus  we  see  that  a  couple  of  bread  pills  will  produce 
copious  purgation,  and  a  dose  of  red  poppy  syrup  will  serve  as  a  powerful 
aarcotic,  if  the  patient  have  entertained  a  sufficiently-confident  expecta- 
tion of  such  results. f 

733.  This  state  of  confident  expectation,  however,  may  operate  for 
evil,  no  less  than  for  good.  A  fixed  belief  that  a  mortal  disease  had 
seized  upon  the  frame,  or  that  a  particular  operation  or  system  of  treat- 
ment would  prove  unsuccessful,  has  been  in  numerous  instances  (there  is 
no  reason  to  doubt)  the  direct  cause  of  a  fatal  result.  Thus  M.  Ridard 
relates  the  case  of  a  man,  thirty  years  of  age,  who  was  affected  with 
stone  in  the  bladder,  and  who  saw  a  patient  die  by  his  side,  after  being 
operated-upon  for  the  same  complaint.  The  man's  imagination  became 
excited ;  his  thoughts  were  constantly  fixed  upon  the  operation  which  he 
himself  expected  to  undergo,  and  upon  the  probable  death  that  would 
follow  ;  and,  in  fact,  without  any  operation  at  all,  he  died  at  the  end  of 
a  month,  affected  with  gangrene  both  of  penis  and  scrotum.  Hence  also 
it  is,  that  the  morbid  feelings  of  the  Hypochondriac,  who  is  constantly 
directing  his  attention  to  his  own  fancied  ailments,  tend  to  induce  real 
disorder  in  the  action  of  the  organs  which  are  supposed  to  be  affected. — 
In  the  same  category,  too,  may  be  placed  those  instances  (to  which  alone 
any  value  is  to  be  attached),  wherein  a  strong  and  persistent  impression 
upon  the  mind  of  a  Mother,  has  appeared  to  produce  a  corresponding 
effect  upon  the  development  of  the  foetus  in  utero.  In  this  case,  the 
effect  (if  admitted  to  be  really  exerted)  must  be  produced  upon  the 
maternal  blood,  and  transmitted  through  it  to  the  foetus ;  since  there  is 
no  nervous  communication  between  the  parent  and  the  offspring.  There 
is  no  difficulty,  however,  in  understanding  how  this  may  occur,  after 
what  has  been  already  stated  (§  217)  of  the  influence  of  minute  altera- 
tions in  the  Blood  in  determining  local  alterations  of  nutrition. 

*  Dr.  Haygarth  of  Bath  (in  conjunction  with  Mr.  Richard  Smith  of  Bristol)  tested 
the  value  of  '  Perkins's  metallic  tractors,'  by  substituting  two  pieces  of  wood  painted 
m  imitation  of  them,  or  even  a  pair  of  tenpenny  nails  disguised  with  sealing-wax,  or 
a  couple  of  slate-pencils ;  which  they  found  to  possoss  all  the  virtues  that  were 
claimed  for  the  real  instruments. 

t  A  remarkable  and  thoroughly  well-attested  case  of  the  cure  of  a  fistula  lachryrnalis 
:  which  had  advanced  so  far  as  to  involve  disease  of  thg  bones  of  the  nose,  is  recorded 
in  the  "  History  of  the  Portroyalists." 
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CHAPTER  XVIII. 

OF  GENERATION. 

1.  General  Character  of  the  Function. 

734.  Having  now  passed  in  review  the  various  operations  which  are 
concerned  in  maintaining  the  life  of  the  individual,  we  have  next  to  pro- 
ceed to  those  which  are  destined  to  the  perpetuation  of  the  race,  by  the 
production  of  successive  generations  of  similar  beings.    Among  Plants, 
and  the  lower  tribes  of  Animals,  a  multiplication  of  independent  beings 
takes-place  without  any  sexual  process  whatever,  by  a  process  of  gem- 
mation or  1  budding'  from  the  parent-stock;  these  '  buds,'  at  first  en- 
tirely nourished  by  it,  gradually  become  less  and  less  dependent  upon  it, 
and  at  last  detach  themselves  and  maintain  a  separate  existence.  Now 
this  process  may  be  regarded  as  essentially  the  same  with  that  of  the 
multiplication  of  cells  by  subdivisioii,  which  is  one  of  the  most  ordinary 
operations  of  growth  and  development ;  and  it  is  peculiar  in  nothing  else 
than  this, — that  the  newly-formed  structure,  instead  of  remaining  as  a 
constituent  and  dependent  part  of  the  parental  fabric,  is  capable  of  living 
independently  of  it,  and  of  thus  existing  as  a  distinct  individual  when 
spontaneously  or  artificially  detached.'   Among  the  higher  tribes  of 
Animals,  as  in  Man,  this  mode  of  reproduction,  which  is  merely  a  multi- 
plication of  the  individual,  and  not  a  real  Generative  process,  does  not 
present  itself,  at  least  in  the  adult  state  ;  for  in  no  instance  do  we  find 
that  a  part  of  the  body  separated  from  the  rest  can  develope  the  organs 
which  are  necessary  for  the  sustenance  of  its  existence ;  and  the  power 
which  the  organism  possesses,  of  regenerating  parts  which  it  has  lost  by 
disease  or  accident,  is  restrained  within  very  narrow  limits  (§  361). 
But  there  is  good  ground  to  believe,  that  such  a  multiplication  by  sub- 
division may  take  place  at  that  earliest  period  of  embryonic  life,  at  which 
the  germ  is  nothing  else  than  a  mass  of  cells,  wherein  no  distinction  of 
parts  has  as  yet  manifested  itself ;  and  that  the  production  of  two  com- 
plete individuals,  held-together  only  by  a  connecting  band,  may  arise 
from  some  cause  which  determines  the  subdivision  of  the  germinal  mass, 
at  the  period  when  its  grade  of  development  corresponds  with  that  of 
the  Hydra  or  Planaria.    And  this  view  of  the  case  is  confirmed  by 
the  facts  already  stated  (§  361)  in  regard  to  the  higher  degree  of  the 
regenerating  power  during  embryonic  life,  infancy,  and  childhood,  as 
compared  with  that  which  remains  after  the  development  of  the  fabric 
has  been  completed.  .  , 

735.  The  proper  act  of  Generation  in  Man,  as  in  the  Animal  ana 
Vegetable  Kingdoms  generally  (see  Princ.  of  Comp.  Phys.,  Chap.  M-h 
uniformly  involves  the  union  of  the  contents  of  two  pecidiar  cells,  wine  i 
may  be  designated  as  the  'sperm-cell,'  and  the  '  germ-cell;'  and,  asm 
all  higher  Animals,  the  <  sperm-cell'  developes  in  its  interior -a  se  - 
moving  spermatozoon  ;  whilst  the  '  germ-cell'  (germinal  vesicle)  w 
contents  are  fertilized  by  the  spermatozoon,  is  embedded  in  a  ma., 
yolk  destined  for  the  early  nutrition  of  the  embryo  thence  original  g, 
so  that  this  embryo,  if  supplied  with  the  requisite  warmth,  as  we 
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drawing  into  itself  the  aliment  stored-up  for  it,  gradually  evolves  itself 
into  the  likeness  of  its  parent.  There  is  a  great  difference,  however, 
among  the  different  tribes  of  Animals,  as  to  the  degree  of  Assistance  thus 
afforded  to  the  embryo;  the  general  rule  being,  that  the  higher  the  form 
which  the  embryo  is  ultimately  to  attain,  the  longer  is  it  supported  by 
its  parent.  Hence  we  find  the  embryos  of  most  Invertebrated  animals 
coming-forth  from  the  egg  in  a  condition  very  unlike  their  perfect  type, 
and  only  acquiring  this  after  a  long  succession  of  subsequent  alterations, 
which  frequently  involve  a  complete  change  of  form,  or  metamorphosis. 
In  Fishes,  however,  the  embryo,  though  far  from  having  completed  its 
embryonic  development  at  the  time  of  its  emersion  from  the  egg,  does 
not  differ  so  widely  from  the  adult  type.  In  Birds,  there  is  a  provision 
for  a  much  more  advanced  development ;  the  store  of  nutritious  matter, 
or  '  yolk,'  being  so  large  as  to  allow  the  whole  series  of  changes  requisite 
for  the  formation  of  the  complete  chick  to  take-place  before  it  leaves  the 
egg.  In  the  Mammalia,  on  the  contrary,  the  quantity  of  yolk  contained 
in  the  ovum  is  very  small,  but  the  embryo  is  only  dependent  upon  it  for 
the  materials  of  its  increase  during  the  earliest  stages  of  its  evolution ; 
for  it  speedily  forms  a  special  connection  with  the  parent-structure,  by 
means  of  which  it  is  enabled  to  receive  a  continual  supply  of  newly- 
prepared  aliment,  so  as  to  be  supported  at  the  expense  of  this  until  far 
advanced  in  its  development.  Some  approaches  to  this  arrangement  are 
met-with  among  certain  of  the  lower  animals,  but  it  is  only  in  the 
higher  Mammalia  that  it  is  completely  carried- out  ;  and  it  is  only  in 
this  class,  too,  that  we  find  a  supplemental  provision  for  the  nutrition  of 
the  offspring  after  it  has  come  forth  into  the  world.  A  considerable  dif- 
ference in  the  ova  of  different  animals  further  exists,  as  was  first  shown 
by  Eeichert,  in  the  circumstance  that  in  some  the  whole  yolk  undergoes 
segmentation,  and  is  applied  directly  to  the  formation  of  the  embryo ; 
whilst  in  others,  only  a  portion  is  so  segmented,  the  remainder  being  as 
it  were  a  store  of  food  which  is  gradually  taken-up  in  the  process  of  de- 
velopment. The  former  kind  of  egg  consists,  therefore,  altogether  of 
germ-yolk ;  the  latter  of  a  small  germ-yolk,  and  a  large  food-yolk.  The 
former  has  been  called  '  holoblastic,'  the  latter  '  meroblastic'  The  former 
is  found  in  Man  and  Mammals,  Batrachians,  CyclostomeFishes,  the  lower 
Crustacea,  Arachnida andMollusca,  Annelids, Worms andEadiate animals; 
the  latter  in  Birds,  Amphibia,  Fishes,  Cephalopods,  and  the  higher  groups 
of  Crustacea  and  Arachnida.  In  many  of  the  lower  tribes  of  animals, 
the  fertilization  of  the  ova  is  accomplished  without  any  sexual  congress ; 
the  spermatic  fluid  effused  by  the  male,  coming  into  direct  contact  with 
the  ova  previously  deposited  by  the  female ;  but  in  all  the  higher  tribes, 
as  in  Man,  the  spermatic  fluid  is  conveyed  into  the  oviducts  of  the 
female,  so  as  to  impregnate  the  ovum  shortly  after  it  has  quitted  the 
ovarium,  or  even  before  its  final  escape  from  it. 

2.  Action  of  the  Male. 

736.  The  Spermatic  fluid  of  the  Male  is  secreted  by  glandular  organs, 
<nown  as  Testes.  Each  of  these  consists  of  several  lobules,  which  are 
^parated  from  each  other  by  processes  of  the  Tunica  Albuginea  that 
iass  down  between  them,  and  also  by  an  extremely  delicate  membrane 

3  a  2 
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(described  by  Sir  A.  Cooper  under  the  name  of  Tunica  Vasculosa)  con- 
sisting of  minute  ramifications  of  the  spermatic  blood-vessels  united  by 
areolar  tissue.    Each  lobule  (Fig.  218,  a  a)  is  composed  of  a  mass  of 

convoluted  tubuli  semini- 
Fig.  218.  feri,  throughout  which 

blood-vessels  are  mi- 
nutely distributed.  The 
lobules  differ  greatly  in 
size,  some  containing 
one,  and  others  many  of 
the  tubuli ;  the  total 
number  of  the  lobules 
is  estimated  at  about  450 
in  each  testis,  and  that 
of  the  tubuli  at  840. 
The  Avails  of  the  tubuli 
are  firmer  than  those  of 
similar  gland  -  canals 
elseAvhere ;  for  outside 
the  basement-membrane 
on  which  the  epithelium 
rests,  they  have  a  toler- 
ably-firm but  extensible 
envelope,  composed  of 
an  indistinctly-fibrous 
connective  tissue  Avith 
longitudinal  nuclei. 
Their  convolutions  are 
so  arranged  that  each 
lobule  forms  a  sort  of 

cone,  the  apex  of  Avhich  is  directed  towards  the  rete  testis  (b) ;  and  when 
they  have  reached  to  Avithin  a  line  or  tAvo  of  this,  they  cease  to  be.  convo- 
luted, several  unite  together  into  tubes  of  larger  diameter,  and  these  enter 
the  rete  testis  under  the  name  tubuli  recti.  The  mode  in  which  the  tubuli 
terminate  at  the  large  end  of  the  lobule  has  not  been  clearly  made-out, 
OAving  partly  to  the  number  of  their  anastomoses ;  it  is  probably  either 
by  csecal  endings,  or  by  loops.  The  diameter  of  the  tubuli  is  for  the 
most  part  very  uniform ;  in  the  natural  condition  they  seem  to  vary 
from  about  the  l-195th  to  the  l-170th  of  an  inch;  but  when  injected 
Avith  mercury,  they  are  distended  to  a  size  nearly  double  the  smaller 
of  these  dimensions. — The  rete  testis  (b)  consists  of  from  seven  to 
thirteen  vessels,  which  run  in  a  Avaving  course,  anastomose  Avith  each 
other,  and  again  divide,  being  all  connected  together.  The  rasa 
efferentia  (c),  Avhich  pass  to  the  head  of  the  epididymis,  are  at  first- 
straight,  but  soon  become  convoluted  (d),  each  forming  a  sort  of  cone, 
of  which  the  apex  is  directed  towards  the  rete  testis,  the  base  to  the 
head  of  the  epididymis  («).  The  number  of  these  is  stated  to  vary  from 
nine  to  thirty ;  and  their  length  to  be  about  eight  inches.  The  epim- 
dymis  itself  (/)  consists  of  a  very  convoluted  canal,  the  length  of  wJucb 
is  about  twenty-one  feet.  Into  its  loAver  extremity,  that  is,  the  angle 
Avuich  it  makes  where  it  terminates  in  the  vas  deferens,  is  poured  ie 


Hitman  Teslis,  injected  with  mercury  as  completely  as  pos- 
sible :—  a,  a,  lobules  formed  of  seminiferous  tubes;  J,  rete  testis; 
e,  vasa  efferentia ;  d,  flexures  of  the  efferent  vessels  passii'g 
into  the  head,  c,  c,of  the  epididymis  ;  f,  body  of  the  epididymis; 
g,  appendix ;  h,  cauda  ;  i,  vas  deferens. 
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secretion  of  the  vascuhm  aberrans  or  appendix  (g)  ;  which  seems  like  a 
testis  in  miniature,  closely  resembling  a  single  lobule  in  its  structure. 
Its  special  function  is 

unknown.    The  nerves  i^a-  219. 

of  the  testis  are  stated 
by  Letzerich*  to  pierce 
the  membrana  propria 
of  the  tubuli  semini- 
teri,  and  end  in  a  more 
or  less  irregular  pyra- 
midal mass  of  proto- 
plasm, in  which  lie 
clear  elliptic  nuclei. 
The  ends  of  the  fibres, 
therefore,  lie  in  close 
relation  to  the  outer 
layer  of  secreting  cells. 

737.  The  fluid  se- 
creted by  the  Testis  is 
invariably  alkaline  in 
Man,  and  is  mingled, 
during  or  previously  to 
its  emission,  with  fluid 
secreted  by  the  Vesi- 
culseSeminaleSjthe  Pros- 
tate, Cowper's  glands, 
&c. ;  and  it  cannot,  therefore,  be  obtained  pure,  but  by  drawing  it  from 
the  testicle  itself.  No  accurate  analysis  has  been  made  of  it  in  the 
Human  subject ;  but  Kollikerf  has  made  the  following  analysis  of  it 
in  the  Bull  and  Stallion  : — 


Plan  of  the  structure  of  the  Testis  and  Epididymis  : — a,  a, 
seminiferous  tubes;  a*,  a*,  their  anastomoses;  the  other  refe- 
rences as  in  the  last  figure. 


Bull. 

Water   820-60 

Solid  residue  179 '40 


Spermatin  and  Extractive     .  153-0 

Fat  21-6 

Salts  26-37 


Stallion. 

819-40 

180-60 

164-49 

16-11 


and  Frerichs,J  on  examining  the  contents  of  the  Testes  of  a  Eabbit,  a 
Cock,  and  a  Carp,  found  pure  Semen  to  be  a  milky  fluid  of  a  mucous 
consistence,  and  neutral  or  slightly-alkaline  reaction.  The  imperfectly 
developed  Spermatozoa  are  composed  of  an  albuminous  substance,  the 
quantity  of  which  diminishes  with  their  progress  towards  maturation ; 
so  that  the  perfectly-developed  semen  contains  no  albuminous  compound. 
On  the  other  hand,  the  principal  component  substance  of  the  mature 
Spermatozoa  is  the  same  with  that  which  is  the  chief  constituent  of  the 
Epithelia  and  of  the  Horny  tissues  generally,  namely,  the  '  binoxide  of 
protein'  of  Mulder.  Besides  this,  the  spermatozoa  contain  about 
*  per  cent,  of  a  butter-like  fat,  with  some  phosphorus  in  an  unoxi- 
dized  state  (probably  combined  with  the  fat,  as  in  the  phosphorized 

*  Virchow's  "  Archiv,"  March,  1868. 

t  v.  Gorup-Besanez,  1862,  "Phys.  Chem.,"  p.  424. 

+  Art.  '  Semen,'  in  "  Cyclop,  of  Anat.  and  Physiol.,"'  vol.  iv.  p.  506. 
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fats  of  the  blood-corpuscles  and  of  nervous  matter),  and  about  5  per 
cent,  of  phosphate  of  lime.    The  spermatozoa  evince  little  tendency  to 
decomposition,  and  offer  considerable  resistance  to  the  action  of  sulphuric 
nitric,  hydrochloric,  and  acetic  acids,  and  to  the  caustic  alkalies  in  the 
cold.    The  fluid  portion  of  the  secretion  is  a  thin  solution  of  mucus, 
which,  in  addition  to  the  animal  matter,  contains  chloride  of  sodium,  and 
small  quantities  of  alkaline  sulphates  and  phosphates.    When  allowed 
to  evaporate  spontaneously,  crystals  appear  which  are  composed  either 
of  ammoniaco-magnesian  phosphate,  or,  as  Bottcher  thinks,  of  albumen. 
The  peculiar  odour  which  the  Semen  possesses,  does  not  appear  to  belong 
to  the  proper  spermatic  fluid ;  but  is  probably  derived  from  one  or 
other  of  the  secretions  with  which  it  is  mingled. — The  product  of  the 
secretion  of  each  Testis  is  conveyed  away  by  a  single  vas  deferens  (i), 
which  is  a  cylindrical  canal,  having,  within  its  fibrous  Avail,  a  layer  of 
non- striated  muscular  fibre,  and  being  lined  by  a  proper  mucous  mem- 
brane.   The  vas  deferens,  ascending  into  the  abdominal  cavity  as  a 
part  of  the  spermatic  cord,  reaches  the  fundus  of  the  bladder;  and  there 
it  comes  into  proximity  with  the  Vesicula  Seminalis  of  its  own  side, 
with  whose  duct  it  unites  to  form  the  ejaculatory  duct  which  terminates 
on  the  verumontanum  of  the  urethra.    It  has  been  commonly  supposed 
that  the  vesiculce  seminales  stand  to  the  vasa  deferentia  in  the  same 
light  that  the  gall-bladder  stands  to  the  hepatic  duct;  namely,  as  a 
receptacle  into  which  the  seminal  fluid  may  regurgitate,  and  within 
which  it  may  accumulate ;  but  (as  Hunter  was  the  first  to  maintain) 
this  is  not  the  case,  since  the  fluid  that  is  found  in  them  is  not  semen, 
and  but  rarely  contains  even  a  small  admixture  of  seminal  fluid.* 
Moreover,  these  organs  are  not  simple  vesicles,  but  have  a  sacculated 
glandular  character ;  and  their  secretion  seems  to  be  of  a  mucous  nature. 
Into  the  same  part  of  the  urethra  is  discharged  the  secretion  of  the 
Prostate   Gland,  which  is  poured-forth   by  a  number  (15-20)  of 
separate  ducts  into  a  depressed  fossa  on  either  side ;  of  the  nature  of 
this  secretion  scarcely  anything  is  known ;  and  it  can  be  only  surmised 
that  its  use,  like  that  of  the  fluid  of  the  vesicular  seminales,  is  to  dilute 
the  seminal  fluid,  and  to  give  it  such  an  increase  of  bulk  that  it  may  be 
more  effectually  conveyed  within  the  female  passages.    It  seems  pro- 
bable, indeed,  that  a  certain  dilution  of  the  fluid  secreted  by  the  testes 
may  be  a  condition  of  its  power  of  fecundation;  since  it  has  been 
ascertained  by  Mr.  Newport,  that  too  copious  an  application  of  sper- 
matozoa to  an  ovum  is  absolutely  unfavourable  to  their  action. — That  in 
some  way  or  other  both  these  glandular  bodies  serve  as  accessory  organs 
of  generation,  may  be  inferred  from  the  fact,  that  in  animals  which 
have  only  a  periodical  aptitude  for  procreation,  they  undergo  an  alternate 
increase  and  decrease,  corresponding  with  the  periodical  enlargement 
and  diminution  of  the  testes  themselves. 

738.  The  essential  peculiarity  of  the  Spermatic  fluid,  however,  con- 
sists in  the  presence  of  a  large  number  of  very  minute  bodies,  the  sper- 
matozoa, which,  from  their  usually  remaining  in  active  motion  tor  some 
time  after  they  have  quitted  the  living  organism,  have  been  erroneously 
considered  as  proper  Animalcules.  The  Human  Spermatozoon  (of  whicfl 

*  See  Art.  'Vesicuhe  Seminales,'  in  "Cyclop,  of  Anat.  and  Physiol.,"  vol. 
p.  1431. 
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1.  Spermatozoon  of  the  frog. 

2.  tritou. 

3.  ,,         „  tiueh. 


4.  Spermatozoon    of  the 
field-mouse. 

hedgehog. 


6. 
Body. 


sheep, 
c.  Tail. 


representations  are  given  in  Plate  I.,  Fig.  1  ;  whilst  some  of  the  prin- 
cipal forms  in  other  animals  are  shown  in  Fig.  220),  consists  of  a  little 
oval  flattened  'body'  be- 
tween the  1- 600th  and  1 
the  1 -800th  of  a  line  in 
length,  from  which  pro- 
ceeds a  long  filiform  '  tail' 
gradually  tapering  to  the 
finest  point,  of  l-50th  or 
.  at  most  l-40th  of  a  line 
in  length.  The  whole 
is  perfectly  transparent; 
and  nothing  that  can  be 
termed  '  structure '  can 
be  satisfactorily  distin- 
guished within  it.*  Its 
movements  are  princi- 
pally executed  by  the 
tail,  which  has  a  kind  of 
vibratile  undulating  mo- 
tion ;  they  may  continue 
for    many   hours  after 

the  emission  of  the  fluid ;  a- Head  with  Ilucleua- 
and  they  are  not  checked  by  its  admixture  with  other  secretions, 
such  as  the  urine  and  the  prostatic  fluid.  Thus,  in  cases  of 
nocturnal  emission,  the  Spermatozoa  may  not  unfrequently  be  found 
actively  moving  through  the  urine  in  the  morning ;  and  those 
contained  in  the  seminal  fluid  collected  from  females  that  have  just 
copulated,  are  frequently  found  to  live  many  days.  As  in  the  case  of 
ciliated  epithelium,  the  movements  are  rapidly  arrested  by  weak  acids, 
whilst  they  are  stimulated  by  alkalies.  They  cease  when  the  sperma- 
tozoa are  exposed  to  a  temperature  of  120°  F.f  Their  presence  may 
be  readily  detected  by  an  observer  familiar  with  their  appearance,  and 
furnished  with  a  Microscope  of  sufficient  power,  even  when  they  have 
( long  ceased  to  move,  and  are  broken  into  fragments ;  and  the  Physician 
and  the  Medical  Jurist  will  frequently  derive  much  assistance  from  an 
examination  of  this  kind.  Thus,  cases  are  of  no  uncommon  occurrence, 
especially  among  those  who  have  been  too  much  addicted  to  sexual  in- 
dulgence, in  which  seminal  emissions  take-place  unconsciously  and 
frequently,  and  produce  great  general  derangement  of  the  health  ;  and 
:  the  true  nature  of  the  complaint  is  obscure,  until  the  fact  has  been 
;  detected  by  microscopic  examination.  Again,  in  charges  of  rape,  in 
which  evidence  of  actual  emission  is  required,  a  microscopic  examina- 
tion of  the  stiffened  spots  left  on  the  linen  will  seldom  fail  in  obtaining 

*  The  characteristic  forms  of  the  spermatozoa  of  the  various  classes  of  the  verte- 
I  Wata,  are  beautifully  represented  by  Schweigger-Seidel  in  Max  Schultze's  "  Mikro- 
[  ikop.  'Anat.,"  13d.  i.  p.  309.  He  describes  each  spermatozoon  as  consisting  of  a  head, 
\  J<"ly,  and  tail,  the  latter,  as  in  some  tritons,  having  a  membrane  attached  to  it,  which 
performs  undulatory  movements.  Grohe  (Virchow's  "  Archiv,"  Bd.  xxxii.  p.  401) 
tttiibutes  the  movements  of  the  spermatozoa  to  the  contractile  protoplasm  contained 
I  u  the  '  head'  of  the  zooid  ;  Bizzozero  to  that  in  tho  cilium  or  tail. 

t  See  Bizzozero,  "Annali  Univcrsali,"  vol.  clxxxvii. 
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proof  if  the  act  have  been  completed :  in  such  cases,  however,  we  must 
not  expect  to  meet  with  more  than  fragments  of  Spermatozoa;  but 
these  are  so  unlike  anything  else  that  little  doubt  need  be  entertained 
regarding  them.  It  has  been  proposed  to  employ  the  same  test  in 
juridical  inquiries  respecting  doubtful  cases  of  .death  by  suspension- 
seminal  emissions  being  not  unfrequent  results  of  this  kind  of  violence  • 
but  there  are  many  obvious  objections  which  should  prevent  much  con- 
fidence being  placed  in  it.# 

739.  The  mode  of  evolution  of  the  Spermatozoa,  first  discovered  by 
Wagner,  and  more  perfectly  elucidated  by  KoUiker,  is  such  as  to 
indicate  that  these  bodies  are  true  products  of  the  formative  action  of  the 
organs  in  which  they  are  found,  and  cannot  be  ranked  in  the  same 
category  with  Animalcules.  They  are  developed  in  the  interior  of  cells, 
or  '  vesicles  of  evolution,'  such  as  are  visible  in  the  seminal  fluid  in 
various  stages  of  production  (Plate  I.,  Fig.  2,  a,  b,  c),  and  have  been 
known  under  the  name  of  '  seminal  granules.'  These  appear  to  have 
been  themselves  formed  within  parent- cells,  which  are  probably  to 
be  regarded  as  the  epithelial  cells  of  the  tubuli  seminiferi ;  containing, 
like  the  analogous  cells  of  other  glands,  the  essential  elements  of  the 
spermatic  apparatus.  These  parent-cells  are  sometimes  observed  to 
contain  but  a  single  '  vesicle  of  evolution,'  as  shown  at  d  ;  but  more 
commonly  from  three  to  seven  are  to  be  seen  within  them  (e).  When 
taken  from  a  body  recently  dead,  and  examined  without  being  treated 
with  water  or  any  other  agent,  they  are"  quite  pellucid,  and  exhibit  a 
delicate  contour  with  perfectly  homogeneous  contents ;  very  speedily, 
however,  a  sort  of  coagulation  takes-place  within  them,  by  which  their 
contents  are  rendered  granular.  Each  of  these  '  vesicles  of  evolution' 
gives  origin  to  a  spermatozoon,  and  to  one  only ;  the  earliest  stages  of 
its  development  have  not  yet  been  fully  made  out,  since  it  does  not  at 
first  exhibit  those  sharp  distinct  contours,  dependent  on  its  great  re- 
fractive power,  which  afterwards  distinguish  it ;  but  it  is  seen  lying  in 
the  interior  of  the  cell  as  a  slight  linear  shadow,  at  first  partly  hidden 
by  the  surrounding  granules  (Fig.  3,  b),  but  afterwards  without  any 
such  obscuration.  When  the  vesicle  is  completely  matured,  it  bursts 
and  gives  exit  to  the  contained  spermatozoon ;  but  it  is  common  for  the 
parent-cells  to  retain  the  vesicles  of  evolution  during  the  development  of 
the  spermatozoa  within  the  latter ;  so  that  the  spermatozoa  set-free  by 
the  rupture  of  these  are  still  enveloped  by  the  parent-cell.  In  this  con- 
dition they  have  a  tendency  to  aggregation  in  bundles;  and  these 
bundles  are  finally  liberated  by  the  rupture  of  the  parent-cell,  after 
which  the  individual  spermatozoa  separate  one  from  another.^  The 
spermatozoa  are  not  normally  found  free  in  the  tubuli  seminiferi; 
although  they  may  be  there  so  far  advanced  in  development,  that  the 
addition  of  water  liberates  them  by  occasioning  the  rupture- of  then- 
envelopes.  In  the  rete  testis  and  vasa  efferentia,  the  spermatozoa  are 
very  commonly  found  lying  in  bundles  within  the  parent-cells,  the  vesicles 
of  evolution  having  disappeared;  and  they  are  usually  set-free  com- 
pletely by  the  time  that  they  reach  the  epididymis,  though  still  fre- 
quently associated  in  bundles.     The  earlier  phases  are  occasional  j 

*  See  the  Author's  Article  'Asphyxia,'  in  the  "Library  of  Practical  Medicine, 
and  the  authorities  there  referred-to. 
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met-with,  however,  even  in  the  vas  deferens.*  Besides  the  cells 
ilready  described  numerous  molecules  are  found  in  the  semen.  Mr. 
Sulliver  describes  them  as  resembling  oil-particles,  and  varying  in 
liameter  from  l-20,000th  to  l-8000th  of  an  inch.  They  are  always 
present,  but  are  particularly  abundant  in  birds  and  reptiles,  when  the 
testes  begin  to  enlarge  in  spring,  and  become  scanty  as  soon  as  the 
perrnatozoa  are  completely  developed.  And  the  same  is  true  for  Man 
ust  before  and  after  the  attainment  of  the  age  of  puberty. 

740.  That  the  Spermatozoa  are  the  essential  elements  of  the  spermatic 
luid,  may  be  reasonably  inferred  from  several  considerations.  There  are 
ome  cases  in  which  the  '  liquor  seminis'  is  altogether  absent,  so  that  they 
oustitute  the  sole  element  of  the  semen ;  whilst,  on  the  other  hand,  they 
re  never  wanting  in  the  semen  of  animals  capable  of  procreation  ;  but 
re  absent,  or  imperfectly  developed,  in  the  semen  of  hybrids,  which  are 
early  or  entirely  sterile.  Moreover,  it  may  be  considered  as  certain 
mt  the  absolute  contact  of  the  spermatozoa  with  the  ovum  is  requi- 
.  te  for  its  fecundation ;  whilst,  on  the  other  hand,  if  the  spermatozoa 
3  carefully  removed  from  the  liquor  seminis  by  filtration,  the  latter  is 
ntirely  destitute  of  fertilizing  power. f  Hence  the  presence  of  the  Liquor 
!2minis  must  be  considered  as  merely  incidental ;  and  as  answering  some 
*  condary  purpose,  either  in  the  development  or  in  the  conveyance  of 
tie  Spermatozoa.    Henle|  observes  that  whilst  the  Spermatozoa  retain 

eir  vitality  even  in  extreme  old  age,  they  are  frequently  absent  in  the 
-.minal  fluid  of  those  suffering  under  disease.§ 

741.  The  power  of  procreation  does  not  usually  exist  in  the  Human 
ale  before  the  age  of  from  14  to  16  years;  and  it  may  be  considered 
obable  that  no  Spermatozoa  are  produced  until  that  period,  although  a 
lid  is  secreted  by  the  testes.  At  this  epoch,  which  is  ordinarily  desig- 
fced  as  that  of  Puberty,  a  considerable  change  takes-place  in  the  bodily 
nstitution  ;  the  sexual  organs  undergo  a  much  increased  development ; 

|  rious  parts  of  the  surface,  especially  the  chin  and  the  pubes,  become 
j  vered  with  hair  ;  the  larynx  enlarges,  and  the  voice  becomes  lower  in 

:  For  researches  on  the  development,  &c.  of  the  Spermatozoa,  see  the  elaborate 
I  Me  'Semen,'  in  the  "Cyclop,  of  Anat.  and  Physiol.,"  by  Drs.  Wagner  and 
i  ickardt,  Prof.  Kolliker's  "  Manual  of  Microscopic  Anatomy,"  1860  ;  Schweigger- 
k  del  in  Max  Schultze's  "  Archiv  f.  Mikroskop.  Anat.,"  Bd.  i.  p.  309  ;  Lavalette  St. 
jprge,  idem,  p.  403  ;  Henle,  "  Handbuch,"  Bd.  ii.  p.  356.  Schweigger-Seidel  does 
[  admit  the  existence  of  '  vesicles  of  evolution,'  but  maintains  that  each  sperma- 
f  x>n  represents  an  entire  cell,  the  nucleus  being  still  demonstrable  in  the  head  of 
1  perfect  spermatozoon. 

•  This  point  was  completely  established  by  the  researches  of  Mr.  Newport  ("  Phil. 
I  •ns.,"  1851),  who  repeated  and  confirmed  the  experimental  results  previously  ob- 
I  ted  by  Spallanzani  and  by  Prevost  and  Dumas. 
"Anatomie  des  Menschen,"  p.  357. 

This  observation  has  been  supported  by  Mantegazza  and  Bozzi,  who  found  that 
t  cases  of  various  forms  of  disease,  on  examination  of  the  Testis  the  sperma- 
1  'a  were  deficient  in  both  organs  in  12  cases,  and  in  one  testis  in  9  cases,  whilst 

could  only  be  referred  to  organic  lesion  of  the  testis  in  2  cases.  Gulliver 
t  the  Semen  and  Seminal  Tubes  of  Mammals  and  Birds,'  ("Proc.  Zool.  Soc,"  July, 
12;  and  "Edin.  Med.  and  Surg.  Journ.,"  1843,  vol.  Ix.  p.  158),  also  gives  many 
I  nples  of  the  absence  of  spermatozoa  in  cases  of  disease  in  Man  aud  lower  animals, 
I  iu  birds  during  the  winter.  He  has  found  that  the  spermatozoa  of  a  particular 
1  is  may  differ  remarkably  in  chemical  and  other  characters.    Thus  in  the  Fringil- 

they  aro  quickly  dissolved  by  acetic  acid  and  other  reagents,  which  have  no 
if  >n  on  the  club-shaped  spermatozoa  of  Hirundinidse. 
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pitch,  as  well  as  rougher  and  more  powerful ;  and  new  feelings  and  desirea 
are  awakened  in  the  mind.  Instances,  however,  are  by  no  means  rare  in 
which  these  changes  occur  at  a  much  earlier  period;  the  full  development 
of  the  generative  organs,  with  manifestations  of  the  sexual  passion,  having 
been  observed  in  children  but  a  few  years  old.  The  procreative  power 
may  last,  if  not  abused,  during  a  very  prolonged  period.  Undoubted  in- 
stances of  virility  at  the  age  of  more  than  100  years  are  on  record;  but 
in  these  cases,  the  general  bodily  vigour  was  preserved  in  a  very  remark- 
able degree.  The  ordinary  rule  seems  to  be,  that  sexual  power  is  not 
retained  by  the  male  to  any  considerable  amount,  after  the  age  of  60  or 
65  years. 

742.  To  the  use  of  the  sexual  organs  for  the  continuance  of  his  race, 
Man  is  prompted  by  a  powerful  instinctive  desire  (§  558),  which  he  shares 
with  the  lower  animals.  This  Instinct,  like  the  other  propensities,  is 
excited  by  sensations  ;  and  these  may  either  originate  in  the  sexual  organs 
themselves,  or  may  be  excited  through  the  organs  of  special  sense.  Thus 
in  Man  it  is  most  powerfully  aroused  by  impressions  conveyed  through  the 
sight  or  the  touch  ;  but  in  many  other  animals,  the  auditory  and  olfactory 
organs  communicate  impressions  which  have  an  equal  power  ;  and  it  is 
not  improbable  that,  in  certain  morbidly-excited  states  of  feeling,  the 
same  may  be  the  case  in  ourselves.  Localized  sensations  have  also  a  very 
powerful  effect  in  exciting  sexual  desire,  as  must  have  been  within  the  ex- 
perience of  almost  every  one ;  the  fact  is  most  remarkable,  however,  in  cases 
of  Satyriasis,  which  disease  is  generally  found  to  be  connected  with  some 
obvious  cause  of  irritation  of  the  generative  system,  such  as  pruritus,  active 
congestion,  &c.  That  some  part  of  the  Encephalon  is  the  seat  of  this  as 
of  other  instinctive  propensities,  appears  from  the  considerations  formerly 
adduced  ;  but  that  the  Cerebellum  is  the  part  in  which  this  function  is 
specially  located,  cannot  be  regarded  as  by  any  means  sufficiently  proved 
(§§  554,  558).  The  instinct  when  once  aroused  (even  though  very  ob- 
scurely felt),  acts  upon  the  mental  faculties  and  moral  feelings ;  and  thus 
becomes  the  source,  though  almost  unconsciously  so  to  the  individual, 
of  the  tendency  to  form  that  kind  of  attachment  towards  one  of  the  oppo- 
site sex,  which  is  known  as  love.  This  tendency  cannot  be  regarded  as 
a  simple  passion  or  emotion,  since  it  is  the  result  of  the  combined  opera- 
tions of  the  reason,  the  imagination,  and  the  moral  feelings ;  and  it  is  iu 
this  engraftrnent  (so  to  speak)  of  the  psychical  attachment,  upon  the  mere 
corporeal  instinct,  that  a  difference  exists  between  the  sexual  relations  ol 
Man  and  those  of  the  lower  animals.  In  proportion  as  the  Human  being 
makes  the  temporary  gratification  of  the  mere  sexual  appetite  his  chief 
object,  and  overlooks  the  happiness  arising  from  spiritual  communion, 
which  is  not  only  purer  but  more  permanent,  and  of  which  a  renewal 
may  be  anticipated  in  another  world, — does  he  degrade  himself  to  a 
level  with  the  brutes  that  perish.    Yet  how  lamentably  frequent  is  this 


degradation 


v  43.  When,  impelled  by  sexual  excitement,  the  Male  seeks  intercourse 
with  the  Female,  the  erectile  tissue  of  the  genital  organs  becomes  turgi  i 
with  blood  (§  275),  and  the  surface  acquires  a  much-increased  sensibiljt)  , 
this  is  especially  acute  in  the  Glans  penis.  By  the  friction  of  the .bum 
against  the  rugous  walls  of  the  Vagina,  the  excitement  is  increased ;  a  c 
the  impression  which  is  thus  produced  at  last  becomes  so  strong,  tlia 
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caUs-ibrth,  through  the  medium  of  a  ganglionic  centre,  probably  situated 
in  the  lower  portion  of  the  Spinal  Cord,  a  reflex  contraction  of  the  mus- 
cular fibres  of  the  Vasa  Deferentia,  and  of  the  muscles  which  surround 
the  Vesiculaa  Seminales  and  Prostate  gland.  These  receptacles  discharge 
their  contents  into  the  Urethra  ;  from  which  they  are  expelled  with  some 
degree  of  force,  and  with  a  kind  of  convulsive  action,  by  its  own  Com- 
pressor muscles ;  whilst  they  are  prevented  from  passing  back  into  the 
bladder,  according  to  Kobelt,  by  the  great  distension  of  the  Verumon- 
tanum  which  occurs  during  the  period  of  erection.  Now  although  the 
sensations  concerned  in  this  act  are  ordinarily  most  acutely  pleasurable, 
there  appears  sufficient  evidence  that  they  are  by  no  means  essential  to 
its  performance  ;  and  that  the  impression  which  is  conveyed  to  the  Spinal 
Cord  need  not  give  rise  to  a  sensation,  in  order  to  produce  the  reflex  con- 
traction of  the  Ejaculator  muscles  (§  509).  The  high  degree  of  nervous 
excitement  which  the  act  of  coition  involves,  produces  a  subsequent 
depression  to  a  corresponding  amount ;  and  the  too  frequent  repetition  of 
it  is  productive  of  consequences  very  injurious  to  the  general  health. 
This  is  still  more  the  case  with  the  solitary  indulgence,  which  (it  is  to  be 
feared)  is  practised  by  too  many  youths ;  for  this,  substituting  an  unna- 
tural degree  of  one  kind  of  excitement  for  that  which  is  wanting  in  another, 
cannot  but  be  still  more  trying  to  the  bodily  powers.  The  secretion  of 
seminal  fluid  being,  like  other  secretions,  very  much  under  the  control 
of  the  nervous  system,  will  be  increased  by  the  continual  direction  of  the 
niind  towards  objects  which  awaken  the  sexual  propensity  (§  728) ;  and 
thus,  if  a  frequent  discharge  be  occasioned,  whether  by  natural  or  unna- 
tural excitement,  a  much  larger  quantity  will  altogether  be  produced, 
although  the  amount  emitted  at  each  period  will  be  less,  and  its  due  per- 
fection will  not  be  attained,  the  fluid  under  such  circumstances  being 
found  to  contain  an  unduly-large  proportion  of  immature  seminal  cells. 
The  formation  of  the  secretion  seems  of  itself  to  be  a  much  greater  tax 
upon  the  corporeal  powers,  than  might  have  been  supposed  a  priori :  and 
it  is  a  well-known  fact,  that  the  highest  degree  of  bodily  vigour  is  incon- 
sistent with  more  than  a  very  moderate  indulgence  in  sexual  intercourse ; 
whilst  nothing  is  more  certain  to  reduce  the  powers,  both  of  body  and 
mind,  than  excess  in  this  respect. — These  principles,  which  are  of  great 
importance  in  the  regulation  of  the  health,  are  but  expressions  of  the 
general  law  (which  prevails  equally  in  the  Vegetable  and  in  the  Animal 
cingdom),  that  the  Development  of  the  Individual  and  the  Reproduction 
»f  the  Species  stand  in  an  inverse  ratio  to  each  other. 

3.  Action  of  the  Female. 

744.  The  essential  part  of  the  Female  Generative  system,  is  that  in 
;  /hich  the  Ova  are  prepared ;  the  other  organs  are  merely  accessory,  and 

re  not  to  be  found  in  a  large  proportion  of  the  Animal  kingdom.  In 
i  lany  of  the  lower  animals,  the  Ovarium  consists  of  a  loose  tissue  con- 
l  uning  many  areolae,  in  which  the  Ova  are  formed,  and  from  Avhich  they 

scape  by  the  rupture  of  the  cell-walls ;  in  the  higher  animals,  as  in  the 
I  Luman  female,  the  substance  of  the  Ovarium  is  firm  and  compact,  and 
I  insists  of  a  nucleated,  tough,  fibrous,  though  not  distinctly  fibrillar,  con- 
j  Jctive  tissue,  forming  what  is  known  as  the  stroma  ;  and  the  Ova,  except 
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when  they  are  approaching  maturity,  can  only  be  distinguished  in  the 
interstices  of  this,  by  the  aid  of  a  high  magnifying  power  *  The  Ovum 
in  all  Vertebrated  animals  is  produced  within  a  capsule  or  bag,  the 
exterior  of  which  is  in  contact  with  the  stroma  of  the  ovarium  ;  this  has 
been  termed,  in  Mammalia,  the  Graafian  vesicle,  after  the  name  of  its 
first  discoverer ;  but  the  more  general  and  appropriate  designation  of 
Ovisac  was  given  to  it  by  Dr.  Barry,  who  showed  that  it  exists  in  other 
classes  of  Vertebrata.f  Between  the  Ovum  and  the  Ovisac,  in  Oviparous 
animals,  there  is  scarcely  any  interval ;  but  in  the  Mammalia,  a  large 
amount  of  granular  matter  (composed  of  nucleated  cells,  loosely  aggre- 
gated together)  is  present ;  being  especially  found  adherent  to  the  lining 


Fig.  221. 


B 


...  V 


Constituent  parts  of  Mammalian  Ovum ; — A,  entire ;  u,  ruptured,  with  the  contents  escap- 
ing;— m  c,  vitelline  membrane;  j,  yolk;  v  g,  germinal  vesicle;  t  g,  germinal  spot. 

of  the  ovisac,  to  which  it  forms  a  sort  of  epithelium,  or  internal  tunic, 
known  as  the  membrana  granulosa;  whilst  it  also  forms  a  disk-like 
investment  to  the  ovum,  which  is  termed  the  discus  proligerus.  The 
membrane  which  incloses  the  yolk  in  Mammalia  has  received,  on  account 
of  its  thickness  and  peculiar  transparency,  the  distinctive  appellation  of 
zona  pellucida  (Fig.  221,  m  v). — The  yolk  or.  vitellus  (J),  which  is  com- 
posed of  albumen  and  oil-particles,  with  traces  of  cells,  is  very  small  in 
the  Mammalian  ovum,  its  function  being  limited  to  the  sustenance  of 
the  germ  during  its  earliest  period  of  development ;  and  it  corresponds 
rather  with  that  part  of  the  yolk  of  the  egg  of  the  higher  Ovipara  which 
has  been  distinguished  as  the  'germ-yolk,'  in  consequence  of  its  direct 
participation  in  the  formation  of  the  germinal  substance,  than  with 
that  which  has  been  termed  the  '"food-yolk,'  as  not  being  incorpo- 
rated with  the  germ,  but  being  destined  for  its  subsequent  nutrition  by 
undergoing  conversion  into  blood.  Occupying  the  centre  of  the  vitelline 
mass,  in  the  immature  ovum,  is  a  peculiar  cell,  very  different  in  its  aspect 
from  the  surrounding  substance,  which  is  termed  the  germinal  vesicle 
(Fig.  222,  v  g) ;  and  this  has  a  very  distinct  nucleus  (t  g),  known  as 

*  Several  works  have  lately  appeared  upon  the  minute  anatomy  of  the  Ovaries, 
amongst  the  more  important  of  which  are  Borsenkow  in  the  "Wurzburger  Natwww* 
Zeitschrift,"  Bd.  iv.  p.  56  ;  Schron  in  the  "  Zeits.  f.  Wise.  Zoologie,"  Bd.  xn.  uen  o, 
Quincke  in  idem,  Bd.  xii.  p.  483  ;  Grohe  in  Virchow's  "  Archiv,"  Bd.  xtn.  P- 
Pfliiger,  "  Ueber  die  Eierstocke  der  Saugethiere  und  des  Menschen,"  Leipzig,  io°  , 
His  in  Schultze's  "  Arcbiv  f.  Mikroskop.  Anat,"  Bd.  i.  p.  151.  „ 

f  '  Besearches  in  Embryology,'  1st  series,  in  "Philos.  Transact.,  wo. 
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the  germinal  spot.  This  cell  must  be  considered  as  the  essential  part  of 
the  ovum,  and  as  homologous  with  the  '  germ-cell'  or '  embryonal  vesicle' 

|  of  the  Vegetable  ovule. — The  Egg  of  the  Fowl,  as  it  escapes  from  the 

,  ovary,  consists   of  the 

,  food-yolk  (i,  Fig.  222)  Fig.  222. 

V  and  the  germ-yolk  (8  and 
o),  enclosed  in  a  thin 
vitelline  membrane  (2). 
The  germ-yolk  appears 
on  the  surface  of  the  food- 
yolk  as  a  small  yellowish- 
white  disk,  termed  the 
Cicatricula  (8),  in  the 
centre  of  which  the  ger- 
minal vesicle  and  ger- 
minal spot  may  some- 
Ames  be  seen  ;  from  the 
leep  surface  of  the  cica- 
ricula  a  prolongation  of 
he  germ-yolk  to  near 
centre  of  the  food- 
may  be  traced, 
ung  at  this  part  the  Latebra  (9).     The  food-yolk  (1),  of  very 


Sectional  view  of  Fowl's  Egg ; — 1,  yellow  yolk  composed  of 
successive  layers ;  2,  vitelline  membrane ;  3,  layers  of  albu- 
men; 4,  two  principal  layers  of  the  lining  membrane  of  the 
shell;  5,  calcareous  shell;  6,  chalazoe;  7,  air-space  between 
the  two  layers  of  the  shell ;  8,  cicatricula,  with  its  nucleus, 
beneath  which  is  seen  the  canal  leading  down  to  the  white  yolk 
cavity  or  latebra,  9. — (Slightly  altered  from  Allen  Thomson). 


*e  size,  presents  concentric  markings,  or  halonss,  indicating  the 
lode  of  its  formation.     As  the  egg  descends  the  oviduct  (the  left 
ne  being  alone  developed  in  the  Bird),  a  remarkable  coating  of  firm 
^buinen  is  deposited  around  it,  which  by  the  rotation  of  the  egg 
ecomes  twisted  in  oj^posite  directions  at  the  two  poles.    These  portions 
:  albumen  are  termed  the  Chalazai  (6),  and  it  is  by  the  slight  elasticity 
hich  they  possess  that  the  vitellus  is  subsequently  enabled  to  float  in 
ie  surrounding  albumen  with  the  cicatricula  uppermost;  and  conse- 
I  lently,  whilst  closely  approximated  to  the  warm  body  of  the  mother, 
oely  exposed  to  light  and  air.    Around  the  chalazae  successive  layers 
'  glairy  albumen  (3)  are  deposited,  which  are  finally  enclosed  by  three 
I  pers  of  membrane  (4  and  5),  the  last  of  which,  near  the  outlet,  under- 
p>es  calcification  in  a  special  secreting  segment  or  chamber  of  the  oviduct. 
I  ^cording  to  His,*  the  centre  of  the  cicatricula  forms  the  roof  of  a  flat 
I  vity  filled  with  fluid,  which  is  termed  the  germinal  cavity,  whilst  the 
r  rder  rests  on  the  white  yolk.    On  this  account,  the  centre  of  the  cica- 
I  cula  appears  transparent,  whilst  the  margin  is  opaque  and  of  a  white 
r  lour  (the  area  pellucida  and  area  opaca).  The  white  yolk  forms  a  thin 
l^er  under  the  whole  extent  of  the  vitelline  membrane,  separating  this 
I  mpletely  from  the  yellow  yolk.    Near  the  cicatricula  it  insinuates 
I  elf  beneath  this,  and  forms  a  definite  circular  ridge,  which  may  be 
I  'med  the  germinal  wall;  more  internally,  it  leaves  the  cicatricula  and 
I  es  the  floor  of  the  germinal  cavity,  and  finally  is  continued,  as  above- 
t  mtioned,  to  the  centre  of  the  yellow  vitellus,  where  it  terminates  by  a 
!|  '-b-shaped  extremity.    The  consistence  of  the  white  yolk  is  much  less 
I  m  that  of  the  cicatricula,  or  of  the  yellow  yolk,  and  on  boiling  it  re- 

W.  His,  "  Untersuch.  iiber  die  erste  Anlage  dcs  Wirbelthierleibcs  Entwickelung 
l[  Huhnchens."    12  Plates.    Leipzig,  1868. 
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mains  fluid,  instead  of  becoming  a  solid  mealy  mass.    The  yellow  yolh 
exhibits  a  striation  concentric  to  the  yolk  cavity  and  canal,  and  is  com- 
posed of  large  spheroids  closely  packed  with  granules,  each  spheroid 
being  invested  with  a  delicate  membrane.    The  granules  are  refractile 
bodies  of  albuminous  nature,  as  appears  from  their  micro-chemical  re- 
action, and  are  mingled  with  much  fat,  protagon,  cholesterine,  and  yellow 
colouring  matter,  which  last  is  dissolved  by  ether.    The  elements  of  the 
white  yolk,  when  isolated,  also  appear  as  spheroids  flattened  by  mutual 
pressure,  possessing  a  distinct  cell  wall,  and  containing  one,  two,  three 
or  even  many  round  bodies  of  considerable  refractile  power,  the  oil 
globules,  or  oil-like  globules,  of  Allen  Thomson,  the  nuclei  of  some 
other  authors.    The  micro-chemical  reactions  of  these  bodies  prove  they 
are  not  fat ;  they  contain  one  or  two  minute  granules  in  their  interior ; 
they  are  coloured  by  iodine  and  carmine,  and  are  rendered  brown  by  osmic 
acid,  whilst  the  granules  remain  untinged.    M.  His  therefore  regards 
the  spheroids  of  the  white  yolk  as  cells,  and  the  contained  globules  as 
nuclei.  The  spheroids  of  the  yellow  yolk,  on  the  other  hand,  can  in  no  sense 
be  regarded  as  cells,  since  they  have  lost  their  nuclei  and  with  them  their 
capacity  for  development.   In  the  germinal  wall  or  ridge,  and  in  the  floor 
of  the  germinal  cavity,  certain  spaces  are  found  which  are  termed  vacuolar 
They  are  filled  with  fluid,  have  a  very  variable  diameter,  and  are  sur- 
rounded by  a  delicate  membrane.   The  elements  of  the  cicatricula  appear 
to  be  small  spherical  masses  of  protoplasm  containing 1  yolk  granules,' 
which  strongly  refract  light,  and  are  insoluble  in  alcohol  and  ether; 
soluble  in  weak  acids  and  alkalies  and  in  saline  solutions;  become 
strongly  tinged  with  iodine,  and  are  coloured  of  a  deep  carmine  red 
with  concentrated  sulphuric  acid.   Each  protoplasmic  mass  also  contains 
a  clear  spot,  due  to  the  presence  of  a  nucleus.    The  tipper  part  of  the 
cicatricula  is  composed  of  closely  compressed,  and  therefore  polyhedric 
masses,  arranged  in  many  layers.    In  the  unbrooded  eggs  no  continuous 
or  detachable  lower  layer  is  present,  but  certain  cords  and  root-like  pro- 
cesses are  present,  which  form  a  kind  of  network,  and  may  be  called  the 
subgerminal  processes.    These  consist  of  large  granular  cells,  and  are 
found  both  in  the  region  of  the  area  pellucida  and  of  the  area  opaca. 
Variations  in  the  development  of  the  masses  forming  the  cicatricula  are 
observable,  dependent  in  all  probability  on  the  duration  of  the  retention 
of  the  egg  in  the  body  of  the  mother,  as  well  as  perhaps  on  the  age  of  the 
spermatozoa  by  which  they  have  been  fertilized,  and  the  season  of  the  year. 
According  to  Coste,  the  duration  of  the  passage  of  the  egg  through  the 
oviduct  varies  from  four  to  six  hours,  and  of  its  retention  in  the  cloaca 
four  hours.  The  influence  of  a  single  act  of  coition  in  the  fowl,  according 
to  the  same  observer,  may  extend  to  from  five  to  six  eggs,  which  may 
be  laid  during  the  eleven  to  seventeen  subsequent  days.  ^  Harvey  ex- 
tended the  influence  even  to  twenty  eggs.    His  agrees  with  Coste,  and 
observes,  that  in  all  probability  these  eggs  were'  impregnated  at  dif- 
ferent periods  :  and  hence  some  of  the  variations  in  point  of  develop- 
ment of  the  cicatricula  may  proceed.   His  has  also  observed  that  the 
eggs  of  fowl,  laid  in  the  middle  of  summer,  are  more  advanced,  ana 
develope  with  greater  rapidity  than  those  laid  towards  the  end  of  autumn. 
In  making  a  comparison  between  the  egg  of  the  Bird  and  that  ot  1 1 
Mammal,  two  views  may  be  entertained.    On  the  one  hand,  luech  , 
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with  whom  Allen  Thomson*  in  the  main  agrees,  considers  that  the 
white,  '  germ'  or  primitive  yolk  of  the  Bird's  egg,  consisting  of  the  ger- 
minal vesicle,  granular  yolk,  and  a  limitary  membrane,  or  zona  pellucida, 
is  the  analogue  of  the  whole  ovum  of  Mammals ;  in  which  case  we  may 
look  upon  the  yellow  yolk  of  the  Bird  and  Scaly  Reptiles  as  analogous 
to  the  granular  cells  of  the  Graafian  vesicle  and  tunica  granulosa  of  the 
Mammal,  the  albumen  ovi  to  the  uterine  secretion,  and  the  calcareous 
shell  to  the  decidual  mucous  membrane  of  the  uterus.  Kolliker,  Hoyer, 
and  Samter,  on  the  other  hand,  deny  the  existence  at  any  period  of  the 
above-mentioned  limitary  membrane,  or  zona  pellucida,  of  the  white 
yolk ;  and  with  this  the  whole  case  falls  to  the  ground,  and  we  must 
adopt  the  other  view,  that,  namely,  notwithstanding  its  large  size  and 
complex  formation,  the  entire  egg  of  the  Bird  corresponds  to  the  entire 
egg  of  the  Mammal. 

745.  The  Human  Ovum  is  extremely  minute  ;  not  measuring  above 
l-120th  of  an  inch  in  diameter,  and  being  sometimes  no  more  than  half 
that  size.  The  diameter  of  the  germinal  vesicle  of  the  Human  ovum  has 
not  yet  been  ascertained,  owing  to  the  difficulty  of  isolating  it  from  the 
yolk ;  in  the  ovum  of  the  Rabbit,  it  is  about  l-720th  and  in  the  Guinea 
Pig  about  l-1800th  of  an  inch ;  and  that  of  the  germinal  spot,  in  the 
Mammalia  generally,  is  from  1 -3600th  to  l-2400th  of  an  inch. 

746.  It  appears,  from  the  researches  of  Valentin  and  Bischoff,  that  in 
Mammalia  the  Graafian  vesicle,  or  Ovisac,  is  formed  previously  to  the 
Ovum,  which  is  subsequently  developed  in  its  interior ;  and  on  this  view 
it  would  seem  that  we  may  regard  it  as  a  vesicle  of  evolution  for  the 
Dvum,  in  the  same  way  that  the  gland-cells  of  the  testis  act  as  vesicles  of 
evolution  for  the  spermatozoa.    But  Baer,  Barry,  and  Allen  Thomson, f 
naintain  that  small  germ-vesicles  may  be  sometimes  detected  (in  Birds 
it  least),  in  the  stroma  of  the  ovary  uncovered  by  a  Graafian  follicle  or 
sapsule.    It  is  certain  that  the  development  of  ovisacs  commences  at  a 
'ery  early  period  of  life  ;  in  the  ovaries  of  some  animals,  they  can  be 
letected  almost  as  soon  as  these  organs  are  themselves  evolved ;  and  in 
.11,  they  show  themselves  soon  after  birth.    In  Plate  L,  Fig.  4,  is  repre- 

i  ented  the  condition  of  the  Graafian  vesicles  in  various  stages  of  develop- 
ment, as  they  are  seen  imbedded  in  the  fibrous  stroma  of  the  ovarium, 
t  a  a  thin  slice  from  the  ovary  of  a  sow  three  weeks  old;  by  which  time 
r  ie  germinal  vesicle,  which  is  the  first  part  of  the  ovum  that  makes  its 
S  ppearance,  has  been  developed  in  their  interior.    The  germinal  vesicle, 

hich  distinctly  shows  the  germinal  spot,  is  surrounded  by  an  assemblage 
I  f  granules,  which  gives  the  first  indication  of  a  yolk  ;  and  around  these, 
I le  zona  pellucida  appears  to  be  subsequently  developed.  The  ovum  at  first 
1 3cupies  the  centre  of  the  Graafian  vesicle,  but  it  subsequently  removes  to 
I  s  periphery ;  and, when  the  contents  of  the  ovisac  are  undergoing  matura- 
I  on,  prior  to  their  escape,  the  ovum  is  always  found  on  the  side  of  it  nearest 
|f>  the  surface  of  the  ovary.  The  proper  Ovisac,  whose  wall  is  formed  of 
\  non-vascular  membrane,  is  surrounded  by  a  vascular  layer,  which  is 
I'Traed  by  a  condensation  of  the  ordinary  stroma  of  the  ovarium ;  it  is  this 

hich  is  usually  described  as  the  outer  layer  of  the  Graafian  vesicle.^ 

|  *  "Cyclop,  of  Anat.  and  Physiol.,"  Supplement,  1859,  p.  77.         f  Ibid.  p.  76. 
I  +  Pfluger  maintains  that  at  an  early  period  tabes  may  be  seen  in  the  ovaries  of  the 
I  t  (but  not  in  the  cow),  provided  with  a  membrana  propria  and  an  epithelium,  within 
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747.  A  continual  change  seems  to  be  taking-place  in  the  contents  of 
the  Ovarium  during  the  greater  part  of  life ;  certain  of  the  Ovisacs  or 
Graafian  vesicles,  and  their  contents,  successively  arriving  at  maturity 
whilst  others  degenerate  and  die.   According  to  til 


Fig.  223. 


Ovarium  qf  the 'Rabbit , 
nt  the  period  of  Heat; 
showing  various  stages 
of  the  extrusion  of  ova. 


degenerate  and  die.   According  to  the 
valuable  inquiries  of  Dr.  Ritchie,*  it  appears  that 
even  during  the  period  of  childhood,  there  is  a  con- 
tinual rupture  of  ovisacs  and  discharge  of  ova  at  the 
surface  of  the  ovarium.    The  Ovaria  are  studded 
with  numerous  minute  copper-coloured  maculse  and 
their  surface  presents  delicate  vesicular  elevations 
which  are  occasioned  by  the  most  matured  ovisacs-' 
the  dehiscence  of  these  takes-place  by  minute  punc- 
tiform  openings  in  the  peritoneal  coat,  and  no 
cicatrix  is  left.   At  the  period  of  puberty,  the  stroma 
of  the  ovarium  is  crowded  with  ovisacs ;  which  are 
still  so  minute,  that  in  the  Ox  (according  to  Dr. 
Barry's  computation)  a  cubic  inch  would  contain 
200  millions  of  them.   The  greatest  advance  is  seen 
in  those  which  are  situated  nearest  the  surface  of  the 
Ovarium  ;  and  in  such,  the  Graafian  vesicle,  with 
its  two  coats,  may  be  distinctly  traced.    In  those 
animals  whose  aptitude  for  conception  is  periodical, 
the  development  of  the  ova  to  such  a  degree  that 
they  become  prepared  for  fecundation,  is  periodical 
also.    This  development  is  made  evident,  when  the 
parts  are  examined  in  an  animal  which  is  '  in  heat,' 
by  the  projection  of  the  Graafian  vesicles  from  the 
surface  (Fig.  223) ;  and  it  consists  not  merely  in  an 
increase  of  size,  but  in  certain  internal  changes  presently  to  be  de- 1 
scribed  (§  752). 

748.  In  the  Human  female,  the  period  of  Puberty,  or  commencing  | 
aptitude  for  procreation,  is  usually  between  the  13th  and  16th  years;  it  I 
is  generally  thought  to  be  somewhat  earlier  in  warm  climates  than  in  I 
cold,-}-  and  in  densely-populated  manufacturing  towns  than  in  thinly- 

which  the  eggs  develope,  and  which,  by  becoming  constricted  at  certain  points,  form 
the  Graafian  follicles.  Other  observers  have  been  unable  to  discover  these  tubes. 
Borsenkow,  however,  corroborates  Pfliiger's  observations,  having  seen  them  in  kittens 
radiating  from  the  centre  towards  the  periphery  of  the  ovary,  and  forming  chains  of 
follicles.  He  describes  the  eggs  as  proceeding  from  specially-developed  cells  con- 
tained in  these  tubes,  the  egg  being  consequently,  from  its  very  commencement,  a 
cell,  and  not  a  free  nucleus.  The  vesicula  germinativa  is  the  nucleus  of  this  cell, 
and  the  contents  of  the  cell  are  the  yolk,  the  latter  being  present  in  the  earliest  stage, 
so  that  there  is  no  surrounding  of  a  nucleus  with  protoplasm,  or  of  a  primitive  cell 
with  yolk  substance.  Quincke  has  seen  eggs  with  two  vcsiculce  germinativa,  and 
elongated  follicles  with  two  or  three  eggs,  and  believes  that  the  Graafian  follicles  in- 
crease by  division,  and  that  the  whole  Graafian  follicle  is  only  an  enlarged  cell,  in  the 
interior  of  which,  in  consequence  of  the  fission  of  its  nucleus,  the  egg  and  the  cells ■  ot 
the  membrana  granulosa  develope.  His  has  not  been  able  to  discover  any  tuuuiai 
structure  in  the  ovary  of  the  human  foetus  in  the  last  half  of  gestation,  but  otherwise 
corroborates  Pfliiger's  statements.  He  states  that  the  formation  of  the  eggs  P™"^ 
from  cells  grouped  in  masses  immediately  beneath  the  surface  of  the  ovary, w 1,1,81  , 
follicles  are  secondarily  differentiated  from  these,  and  make  their  way  into  the  ecu 
part  of  the  gland. 

*  "  London  Medical  Gazette,"  1844.  ...  , ■  -{a 

f  It  has  been  stated,  by  almost  all  Physiological  writers,  that  women  (use  u 
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peopled  agricultural  districts.  The  mental  and  bodily  habits  of  the 
individual  have  also  considerable  influence  upon  the  time  of  its  occur- 
rence ;  girls  brought-up  in  the  midst  of  luxury  or  sensual  indulgence, 
undergoing  this  change  earlier  than  those  reared  in  hardihood  and  self- 
denial.  The  changes  in  which  puberty  consists,  are  for  the  most  part 
connected  with  the  Reproductive  system.  The  external  and  internal 
organs  of  generation  undergo  a  considerable  increase  of  size ;  the  mam- 
mary glands  enlarge ;  and  a  deposition  of  fat  takes  place  in  the  mamma? 
and  on  the  pubes,  as  well  as  over  the  whole  surface  of  the  body,  giving 

10  the  person  that  roundness  and  fulness,  which  are  so  attractive  to  the 
opposite  sex  at  the  period  of  commencing  womanhood.  The  first  ap- 
pearance of  the  Catamenia  usually  occurs  whilst  these  changes  are  in 
progress,  and  is  a  decided  indication  of  the  arrival  of  the  period  of 
puberty  ;  but  it  is  not  unfrequently  delayed  much  longer  ;  and  its  absence 

-is  by  no  means  to  be  regarded  as  a  proof  of  the  want  of  aptitude  for 
orocreation,  since  many  women  have  borne  large  families  without  having 
?ver  menstruated.  The  Catamenial  discharge,  as  it  issues  from  the  uterus, 
ippears  to  be  nearly  or  quite  identical  with  ordinary  blood ;  but  in  its 

©assage  through  the  vagina,  it  becomes  mixed  with  the  acid  mucus 
■xuded  from  its  walls,  which  usually  deprives  it  of  the  power  of  co- 
igulating.  If  the  discharge  should  be  profuse,  however,  a  portion  of 
ts  fibrin  remains  unaffected,  and  clots  are  formed.  In  cases  in  which, 
>y  the  death  of  women  at  this  period,  an  opportunity  has  been  afforded 

:  or  the  examination  of  the  lining  membrane  of  the  uterus  during  men- 
truation,  it  is  found  to  be  unusually  turgid  with  blood,  the  veins  in 

|i<articular  being  much  distended,  and  opening  upon  the  internal  surface 
v  capillary  orifices,  to  which  valvules  are  occasionally  found  attached.* 
i  Idlence  it  is  scarcely  correct  to  designate  the  menstrual  flux  as  a  1  secre- 

j  ion;'  although  there  is  reason  to  think  that  it  may  carry -off,  besides 

kt  lood,  certain  matters  which  would  be  appropriate  to  the  formation  of  a 
decidual  membrane  (§  759),  but  which,  if  not  so  employed,  become 
j  k  xcrementitious. — The  interval  which  usually  elapses  between  the  suc- 

j  ?ssive  appearances  of  the  discharge,  is  about  four  weeks;  and  the 

iauration  of  the  flow  is  from  three  to  six  days.  There  is  great  variety 
i  this  respect,  however,  among  the  inhabitants  of  different  climates,  and 

ach  maturity ,  and  that  menstruation  commences,  much  earlier  in  hot  climates> 
J-  irticularly  between  the  tropics,  than  in  temperate  and  very  cold  countries.  From 
:» any  elaborate  and  interesting  papers  which  have  been  published  witbin  a  few 
liars,  however,  especially  from  those  of  Mr.  Eoberton  of  Manchester  (collected  in  his 
I  Essays  on  Menstruation,  and  on  Practical  Midwifery,"  1851),  it  would  seem  that 
I  e  natural  period  of  puberty  in  temperate  climates  occurs  in  a  much  more  extended 
I  nge  of  ages,  and  is  much  more  equally  distributed  through  that  range,  than  others 
l.ve  alleged;  and  that,  in  other  countries,  the  supposed  parallel  between  plants 
j  d  fruits  does  not  hold  good.    The  fact  seems  to  be,  that  this,  like  other  periodic 
I  ienomena  of  warm-blooded  animals,  is  but  little  influenced  by  external  temperature, 
t.nply  because  the  rate  of  growth  and  development,  of  which  these  phenomena  are 
I  e  exponents,  is  determined  by  the  temperature  of  the  body  itself,  not  by  that  of  the 
r  rrounding  medium.    Still  it  is  quite  possible  that  external  warmth  may  have  a 
I  ght  influence  in  determining  early  puberty;  since,  as  already  shown,  it  tends  to 

1 1  lintain  a  somewhat  higher  degree  of  bodily  heat  (§  423).  According  to  Szukitz, 
I  e  average  age  at  which  the  catamenia  appear  amongst  German  women  is  154 
rars;  according  to  Brie  ire  de  Boismont,  it  occurs  a  year  earlier  in  Parisian  girls. 
I  e  Henle  and  Meissner's  "  Bericht,"  1857,  p.  606. 

*  See  Whitehead  "On  Abortion  and  Sterility,"  pp.  13-37. 
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among  individuals ;  in  general,  the  appearance  is  more  frequent  and 
the  duration  of  the  flow  greater,  among  the  residents  in  warm  countries 
and  among  individuals  of  luxurious  habits  and  relaxed  frame,  than  among 
the  inhabitants  of  colder  climes,  or  among  individuals  inured  to  bodily 
exertion.  The  first  appearance  of  the  discharge  is  usually  preceded  and 
accompanied  by  considerable  general  disturbance  of  the  system,  especially 
pain  in  the  loins  and  a  sense  of  fatigue  in  the  lower  extremities ;  and  its 
periodical  return  is  usually  attended  with  the  like  symptoms,  which  are 
more  or  less  severe  in  different  individuals. 

749.  Much  discussion  has  taken-place  respecting  the  causes  and  pur- 
poses of  the  Menstrual  flow ;  and  modern  inquiries  have  thrown  great 
light  upon  them.    The  state  of  the  female  generative  system,  during  its 
continuance,  appears  to  be  analogous  to  the  heat  or  periodic  sexual  excite- 
ment of  the  lower  animals ;  some  of  which  have  a  sero-sanguinolent  dis- 
charge at  that  period,  and  among  many  of  which  the  ova  are  entirely 
extruded  by  the  female  before  the  spermatic  fluid  of  the  male  reaches 
them,  this  occasionally  taking-place  even  in  Birds.    There  is  good  reason 
to  believe  that  in  the  Human  female  the  sexual  feeling  becomes  stronger 
at  the  period  of  menstruation ;  and  it  is  quite  certain  that  there  is  a 
greater  aptitude  for  Conception,  immediately  before  and  after  that  epoch, 
than  there  is  at  any  intermediate  period.    Observations  to  this  effect 
were  made  by  Hippocrates,  and  were  confirmed  by  Boerhaave  and 
Ilaller ;  indeed,  coitus  immediately  after  menstruation  appears  to  have 
been  frequently  recommended  as  a  cure  for  sterility,  and  to  have  proved 
successful.    This  question  has  been  made  the  subject  of  special  inquiry 
by  M.  Raciborski ;  who  affirms  that  the  exceptions  to  the  rule — that 
conception  occurs  immediately  before  or  after,  or  during  menstruation — 
are  not  more  than  6  or  7  per  cent.    Indeed,  in  his  latest  work  on  this 
subject,*  he  gives  the  details  of  15  cases,  in  which  the  date  of  conception 
could  be  accurately  fixed,  and  the  time  of  the  last  appearance  of  the 
catamenia  was  also  known  ;  and  in  all  but  one  of  them,  the  correspon- 
dence between  the  two  periods  was  very  close.    Even  in  the  exceptional 
case,  the  catamenia  made  their  appearance  shortly  after  the  coitus ;  which 
took-place  at  about  the  middle  of  the  interval  between  the  two  regular 
periods.    When  conception  occurs  immediately  before  the  menstrual 
period,  the  catamenia  sometimes  appear,  and  sometimes  are  absent;  if 
they  appear,  their  duration  is  generally  less  than  usual.    The  fact  that 
conception  often  takes-place  immediately  before  the  last  appearance  oi  the 
catamenia  (and  not  after  it,  as  commonly  imagined),  is  one  well  known 
to  practical  men. — Numerous  cases  have  been  collected  by  Mr.  Gird- 
wood,  Dr.  Robert  Lee,  MM.  Gendrin,  Negrier,  Raciborski,  and  others,  in 
which  the  menstrual  period  was  evidently  connected  with  the  maturation 
and  discharge  of  ova  ;f  but  the  most  complete  observations  yet  made  on 
this  subject,  are  those  of  Dr.  Ritchie  (loc.  tit.).    He  states  that  about 
the  period  of  puberty  a  marked  change  usually  takes-place  in  the  mode 
in  which  the  ovisacs  discharge  their  contents ;  but  that  this  change  does 

*  "  Sur  la  Ponte  des  Mammiferes,"  Paris,  1844. 
+  Such,  at  least,  appears  to  be  the  legitimate  inference  from  the  state i  c > 
Ovaries  ;  but  the  cases  are  very  few  in  which  the  extruded  Ova  have  been  '°unu 
the  female  passages.    Two  such  cases  (one  of  them,  however,  not  altogetnei  sau. 
torv)  were  recorded  by  Dr.  Letheby,  in  "Pliilos.  Transact.,  1852. 
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not  necessarily  occur  simultaneously  with  the  first  appearance  of  the 
catanienia;  as  in  some  cases  the  conditions  which  obtain  in  the  period 
before  puberty,  are  extended  into  that  of  menstruation.  The  ovaries 
now  receive  a  much  larger  supply  of  blood ;  the  ovisacs  show  a  great 
increase  in  bulk  and  vascularity,  so  that,  when  they  appear  at  the  surface 
of  the  ovary,  they  present  themselves  as  pisiform  turgid  elevations ;  and 
the  discharge  of  their  contents  leaves  a  much  larger  cicatrix,  and  is 
accompanied  by  an  effusion  of  blood  into  their  cavity,  with  other  sub- 
sequent changes  to  be  presently  described.  It  would  appear,  however, 
that  although  such  a  discharge  takes-place  most  frequently  at  the  men- 
ial period,  yet  the  two  occurrences  are  not  necessarily  co-existent ; 
for  menstruation  may  take-place  without  any  such  rupture ;  whilst,  on 
the  other  hand,  the  maturation  and  discharge  of  mature  ova  may  occur 
iu  the  intervals  of  menstruation,  and  even  at  periods  of  life  when  that 
function  is  not  taking-place.  Perhaps  the  most  correct  general  state- 
ment on  the  subject  would  be  this  :  that  there  is  a  periodic  return  of 
Ovarian  excitement,  which  tends  to  the  maturation  and  extrusion  of 
ovules,  though  it  may  not  always  reach  that  point;  whilst  there  is  also 
a  periodic  turgescence  of  the  vessels  of  the  lining  membrane  of  the 
Uterus,  which  tends  to  the  production  of  a  decidual  membrane ; — but 
that  these  two  periods,  though  usually  coincident,  are  not  necessarily  so  ; 
and  that  either  change  may  occur  without  the  concurrence  of  the 
,  other. 

750.  The  duration  of  the  period  of  aptitude  for  procreation,  as  marked 
by  the  persistence  of  the  Catamenia,  is  more  limited  in  Women  than  in 
Men,  usually  terminating  at  about  the  45th  year  ;  it  is  sometimes  pro- 
longed, however,  for  ten  or  even  fifteen  years  further ;  but  cases  are  rare 
in  which  women  above  50  years  of  age  have  borne  children."*  There  is 
usually  no  menstrual  flow  during  pregnancy  and  lactation ;  in  fact,  the 
cessation  of  the  catamenia  is  generally  one  of  the  first  signs  indicating 
that  conception  has  taken-place.  But  it  is  by  no  means  uncommon  for 
them  to  appear  once  or  twice  subsequently  to  conception ;  and  in  some 
women  there  is  a  regular  monthly  discharge,  though  probably  not  of  the 
usual  character,  through  the  whole  period.  Some  very  anomalous  cases 
are  on  record,  in  which  the  catamenia  never  appeared  at  any  other  time 
than  during  pregnancy,  and  were  then  regular.  The  absence  of  the 
catamenia  during  lactation  is  by  no  means  constant,  especially  if  the  period 
be  prolonged ;  when  the  menstrual  discharge  occurs,  it  may  be  considered 

I  as  indicating  an  aptitude  for  conception ;  and  it  is  well  known  that, 
although  pregnancy  seldom  recurs  during  the  continuance  of  lactation, 
[  the  rule  is  by  no  means  invariable. 

751.  The  function  of  the  Female,  during  the  coitus,  is  essentially 
rY  passive.  When  the  sexual  feeling  is  strongly  excited,  there  is  a  con- 
J-  siderable  degree  of  turgescence  in  the  erectile  tissue  surrounding  the 
s  I  vagina,  and  composing  the  greater  part  of  the  nympha?  and  the  clitoris  ; 

*  Dr. Matthews  Duncan  has  clearly  shown  ("Trans.  Roy.  Soc.  of  Edin.,''  vol.  xxiii. 
!  E   p.  186),  that  the  total  fertility  of  fertile  women  diminishes  as  the  age  at  which  mar- 

I  riage  takes  place  increases.  Sterility  is  rare  amongst  those  marrying  between  the 
^1   ages  of  20  and  24,  but  about  7  per  cent,  of  those  marrying  between  15  and  20  are 

I  sterile.  These  last,  however,  where  fertile,  bear  more  children  than  those  marrying 
'  1  at  a  later  date. 
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and  there  is  an  increased  secretion  from  various  glandular  follicles.*  But 
these  changes  are  by  no  means  necessary  for  effectual  coition;  since  it,  is 
a  fact  well  established,  that  fruitful  intercourse  may  take-place  when  the 
female  is  in  a  state  of  narcotism,  of  somnambulism,  or  even  of  profound 
ordinary  sleep.  It  has  been  supposed  by  some  that  the  os  uteri  dilates 
by  a  kind  of  reflex  action,  to  receive  the  semen  ;  but  of  this  there  is  no 
evidence.  The  introduction  of  a  small  quantity  of  the  fluid  just  within 
the  vagina,  appears  to  be  all  that  is  absolutely  necessary  for  conception  • 
for  there  are  many  cases  on  record  in  which  pregnancy  has  occurred,  in 
spite  of  the  closure  of  the  entrance  to  the  vagina  by  a  strong  membrane 
in  which  but  a  very  small  aperture  existed.  That  the  spermatozoa  make 
their  way  towards  the  ovarium,  and  fecundate  the  ovum  either  before  it 
entirely  quits  the  ovisac  or  very  shortly  afterwards,  appears  to  be  the 
general  rule  in  regard  to  the  Mammalia  ;  and  their  power  of  movement 
must  obviously  be  both  vigorous  and  long  continued  to  enable  them  to 
traverse  so  great  an  extent  of  mucous  membrane,  especially  when  it  is 
remembered  that  they  ascend  in  opposition  to  the  direction  of  the  ciliary- 
movement  of  the  epithelial  cells,  and  to  the  downward  peristaltic  action 
of  the  Fallopian  tubes,  which  may  generally  be  noticed  in  animals  killed 
soon  after  sexual  intercourse. —  We  shall  now  consider  the  changes  in  the 
Ovum  and  its  appendages,  by  which  it  is  prepared  for  fecundation. 

752.  Up  to  the  period  when  the  Ovum  is  nearly  brought  to  maturity, 
it  remains  in  the  centre  of  the  ovisac  or  inner  layer  of  the  Graafian 
follicle  ;  and  it  is  supported  in  its  place  by  the  1  membrana  granulosa,' 
which  is  continuous  with  its  proligerous  disk.  The  movement  of  the 
ovum  towards  the  surface,  which  has  been  already  referred-to  as  a  part 
of  the  changes  by  which  it  is  prepared  for  fecundation,  appears  from  the 
observations  of  Valentin  to  be  due  to  the  following  cause  : — In  the  imma- 
ture ovisac,  the  space  between  its  inner  layer  and  the  ovum  is  for  the 
most  part  filled-up  with  cells  ;  these,  however,  gradually  dissolve-away, 
especially  on  the  side  nearest  the  surface  of  the  ovary ;  whilst  an  albu- 
minous fluid  is  effused  from  the  deeper  part  of  the  ovisac,  which  pushes 
the  residual  layer  (forming  the  discus  proligerus)  before  it,  and  thus 
carries  it  against  the  opposite  wall.  At  the  same  time,  there  is  a  gradual 
thinning-away  of  the  various  envelopes  of  the  Graafian  follicle,  as  well  as 
of  its  own  walls,  in  the  situation  of  its  most  projecting  part ;  and  thus  it 
is  preparing  to  give  way  at  that  point,  for  the  discharge  of  the  contained 
ovum.  Before  rupture  takes  place,  however,  the  ovisac  itself  undergoes 
a  considerable  change.   Its  walls  become  more  vascular  externally,  and 

*  The  glands  of  Duverney,  which  were  very  accurately  described  by  Professor 
Tiedeiuann  (1840),  and  subsequently  by  M.  Huguier  in  the  "  Archives  d'Anatonne 
(1847),  seem  to  be  analogous  to  Cowper's  glands,  and  like  them  are  sometimes  want- 
ing and  differ  in  size.    In  advanced  age  they  are  said  to  diminish  in  size,  and  even 
to  disappear.    They  are  present  in  the  females  of  all  animals,  where  Cowper's  glands 
exist  in  the  males.    They  secrete  a  thick,  tenacious,  greyish- white  fluid,  which  is 
emitted  in  large  quantity  at  the  termination  of  the  sexual  act,  most  likely  from  the 
spasmodic  contraction  of  the  constrictor  vaginse  muscle,  under  which  they  lie. 
admixture  with  the  male  semen  has  been  supposed  to  have  some  connexion  with  im- 
pregnation ;  but  no  proof  whatever  has  been  given  that  any  such  admixture  is  J*e°e*\ 
sary.    It  seems  not  improbable,  however,  that  it  may  serve,  like  the  prostatic  °,ml  ° 
the  male,  to  give  a  dilution  to  the  seminal  fluid  that  is  favourable  to  its  action  (§  73/> 
These  glands  were  probably  known  to  the  ancients  ;  and  it  is  doubtless  their  secretion 
which  Hippocrates  and  others  describe  as  the  female  semen. 
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Cells  forming  the  original  substance  of  the  Corpus 
Luteum. 


are  thickened  on  their  interior  by  the  deposit  of  a  fleshy-looking  sub 
stance,  which  in  many  of  the  lower  Mammalia  is  of  a  reddish  colour, 
whilst  in  the  Human  female  it 

is  rather  of  a  yellowish  hue.  Fig.  224. 

This  substance,  known  as  the 
Corpus  luteum,  is  at  first  en- 
tirely composed  of  an  aggrega- 
tion of  cells  (Fig.  224),  and 
may,  in  fact,  be  considered  as 
an  increased  development,  or 
hypertrophy,  of  the  1  mem- 
brana  granulosa'  or  epithelial 
lining  of  the  ovisac ;  many  of 
its  cells,  however,  especially 
those  in  apposition  with  the  en- 
veloping wall   of  the  follicle, 

undergo  a  more  or  less  complete  transformation  into  fibres ;  and  thus  a 
gradual  transition  is  established  between  the  cellular  substance  of  the 
interior  of  the  mass,  and  the  fibrous  stroma  of  the  Ovarium  itself.*  In 
most  domestic  quadrupeds,  this  growth,  which  sprouts  like  a  mass  of  gra- 
nulations from  the  lining  of  the  ovisac,  is  often  so  abundant,  if  the  ovum 
be  impregnated,  as  not  only  to  fill  the  cavity  of  the  raptured  vesicle,  but 
even  to  protrude  from  the  orifice  on  the  surface  of  the  ovary ;  this  orifice 
subsequently  closes,  and  the  contained  growth  becomes  gradually  firmer, 
its  colour  changing  from  red  to  yellow.  In  the  Human  female,  however,  as 
in  the  Sow,  this  new  formation  is  at  first  less  abundant ;  it  does  not  form 
raammillary  projections  from  the  interior  of  the  ovisac,  but  lies  as  a  uniform 
layer  upon  its  lining ;  and  this  is  thrown  into  wrinkles  or  folds,  in  con- 
sequence of  the  contraction  of  the  ovisac  (Fig.  225,  a — d).  An  irregular 

Fig.  225. 


e  f  g  h 

Successive  stages  of  the  formation  of  the  Corpus  Luteum,  in  the  Graafian  follicle  of  the  Sow, 
a8  seen  in  vertical  section :  — at  a  is  shown  the  state  of  the  follicle  immediately  alter  the  expul- 
sion of  the  ovum, its  cavity  being  filled  with  blood,  and  no  ostensible  increase  of  its  epithelial 
lining  having  yet  taken  place ;  at  b,  a  thickening  of  this  lining  has  become  apparent;  at  c,  it 
begins  to  present  folds  which  are  deepened  at  d,  and  the  clot  of  blood  is  absorbed  pari  passu, 
and  at  the  same  time  decolorized ;  a  continuance  of  the  same  process,  as  shown  at  e,f,  g,  h, 
forms  the  Corpus  Luteum,  with  its  stellate  cicatrix. 

*  By  some  observers,  as  Kblliker,  the  principal  part  of  the  new  growth  is  regarded 
as  the  result  of  a  hypertrophy  of  the  internal  layer  of  the  fibrous  membrane  of  the 
original  follicle,  winch,  even  hefore  the  expulsion  of  the  ovum,  becomes  loosened  in 


838 


OF  GKNEliATION  I  ACTION  OF  THE  FEMALE. 


cavity  is  thus  at  first  left  in  the  interior  of  the  ovisac,  after  the  discharge 
of  the  ovum  ;  but  this  gradually  diminishes,  partly  in  consequence  of  the 
increased  growth  of  the  yellow  substance,  and  partly  owing  to  the  general 
contraction  of  the  ovisac,  until  it  is  at  last  nearly  obliterated  or  reduced 
to  a  sort  of  stellate  cicatrix  (e — h).  An  effusion  of  blood  usually  takes 
place  into  this  cavity,  in  the  Human  female,  at  the  time  of  the  rupture  of 
the  ovisac ;  but  the  coagulum  which  is  left,  takes  no  share  in  the  forma- 
tion of  the  yellow  body.  It  generally  loses  its  colouring-matter,  and 
acquires  the  characters  of  a  fibrinous  clot ;  and  this  may  either  form  a 
sort  of  membranous  sac  lining  the  cavity,  or  it  may  become  a  solid  mass 
occupying  the  centre  of  the  stellate  cicatrix.* 

753.  The  later  part  of  the  history  of  the  Corpus  Luteum  is  greatly  in- 
fluenced by  the  impregnation  or  non-impregnation  of  the  Ovum  whose 
extrusion  it  has  followed. — If  conception  do  not  take-place,  the  corpus 
luteum  seldoms  attains  a  size  greater  than  that  of  a  small  pea,  and  is  very 
commonly  less  than  this ;  and  it  begins  to  diminish  about  the  time  of  the 
next  menstruation,  its  shape,  which  was  at  first  globular,  becoming  some- 
what collapsed  and  flattened.  This  diminution  is  due  in  the  first  instance 
to  the  absorption  of  part  of  its  contained  coagulum,  which  usually  at  the 
same  time  loses  part  of  its  colouring-matter  ;  but  contemporaneously  with 
this,  there  is  an  increase  in  the  proper  yellow  substance,  which  also  becomes 
orighter  in  colour  from  the  presence  of  a  large  quantity  of  oleaginous 
matter  in  its  cells.    Soon,  however,  the.  yellow  substance  becomes  softer 
and  more  friable,  showing  less  distinctly  the  markings  of  its  convolutions; 
whilst  at  the  same  time  it  becomes  more  intimately  connected  with  the 
neighbouring  tissues.    The  central  coagulum  becomes  a  faint,  whitish, 
stellate  cicatrix  ;  and  the  yellow  substance  assumes  various  irregularities 
of  form,  and  gradually  decreases  in  size.    As  a  general  rule,  the  corpus 
luteum  of  the  non-pregnant  female  is  reduced  within  six  or  eight  weeks 
to  a  very  insignificant  size  ;  but  it  may  then  remain  almost  unchanged 
1'or  many  months ;  so  that,  in  the  ovaries  of  females  who  have  menstruated 
regularly,  numerous  obsolete  corpora  lutea  may  be  distinguished. — But 
if,  on  the  other  hand,  the  discharged  ovum  should  be  fertilized,  and  preg- 
nancy should  supervene,  the  corpus  luteum,  instead  of  reaching  its  maxi- 
mum of  development  in  three  or  four  weeks  and  then  undergoing 
:i trophy,  continues  to  develope  itself  for  a  considerable  period,  and  does 
not,  in  fact,  become  very  decidedly  retrograde,  until  after  the  termination 
of  gestation.    This  difference  relates  not  only  to  its  size,  but  also  to  its 
aspect  and  general  characters.    Its  size  appears  to  be  usually  greatest 
between  the  third  and  the  six  months  of  pregnancy ;   it  retains  its 
globular  or  only  slightly-flattened  form  ;  and  it  continues  to  give  to  the 
touch  a  sense  of  considerable  resistance  and  solidity.    The  convoluted 
wall  of  yellow  substance  becomes  much  thicker  in  proportion  to  the  space 
in  its  interior  ;  so  that  whilst  in  the  non-impregnated  female  its  thickness 
never  exceeds  one-eighth  of  an  inch,  and  is  usually  much  less,  that  of  the 
pregnant  female  measures  as  much  as  from  three-sixteenths  to  one-tour 

texture  and  augmented  in  thickness.    The  fact  seems  to  be,  that,  as  in  the  case ^of 
the  Malpighian  bodies  of  the  Spleen  (§  151,  in.),  there  is  no  distinct  line  ot  denim 
tion  between  the  fibrous  icall  and  the  cellular  contents  of  the  follicle.  _  . 

*  This  process  was  first  accurately  described  by  M.Poucliet,  in  his  lueorie 
tive  de  POvulation  Spontane'e,"  1847. 
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of  an  inch.  This  substance,  moreover,  acquires  a  firmer  and  more  highly 
organized  structure  ;  but  instead  of  presenting  an  increased  brightness 
of  colour,  it  fades  to  a  dusky  and  indefinite  hue.  As,  from  the  time  that 
impregnation  takes-place,  the  periodical  activity  of  the  ovary  is  suspended, 
•10  new  vesicles  protrude  themselves  from  its  surface  until  after  the  com- 
pletion of  gestation;  and  even  those  which,  at  the  date  of  conception, 
happened  to  be  more  or  less  prominent,  appear  again  to  recede.  Hence, 
if  the  period  of  pregnancy  be  at  all  advanced,  the  corpus  luteum  is  not 
found,  like  that  of  menstruation,  in  company  with  unruptured  vesicles 
in  active  process  of  development.  After  parturition,  the  corpus  luteum 
rapidly  diminishes;  though  its  characteristic  structure  is  still  to  be  dis- 
tinguished for  many  months,  by  close  inspection.* 

75L  The  foregoing  differences  (whose  ordinary  existence  may  be  con- 
sidered as  well-established,  although  it  may  not  be  affirmed  that  they 
present  themselves  characteristically  in  each  individual  case)  are  probably 
;o  be  attributed  to  the  increased  determination  of  blood  which  takes-place 
>;o  the  whole  Generative  apparatus,  when  it  is  in  a  state  of  exalted 
functional  activity.  It  is  a  question,  however,  of  much  scientific  interest, 
.  md  one  that  occasionally  becomes  of  importance  in  Juridical  investiga- 
:  ;ions,  what  degree  of  resemblance  may  exist  between  the  corpus  luteum 
>  which  is  formed  after  the  mere  extrusion  of  an  ovule,  and  that  which  has 
roeen  modified  by  the  supervention  of  pregnancy.    For  it  is  unquestion- 
ible  that  an  unusual  development  of  the  fibro-cellular  substance  may 
ometimes  occur  without  impregnation ;  whilst,  on  the  other  hand,  the 
manges  which  usually  follow  impregnation  may  take-place  so  much  less 
maracteristically  than  usual,  that  the  corpus  luteum,  even  at  the  middle 
ieriod  of  pregnancy,  may  be  no  larger  than  that  which  is  often  found 
vhere  pregnancy  has  not  occurred.  These  variations,  which  seem  mainly 
)  o  depend  upon  differences  in  the  degree  of  vascular  excitement  of  the 
« >varies  accompanying  and  succeeding  the  extrusion  of  ova,  render  it  im- 
>ossible  to  draw  any  definite  line  of  demarcation,  by  which  we  may  at 
»nce  determine  what  are,  and  what  are  not,  the  results  of  conception  ;  but 
he  following  practical  rules,  deduced  from  a  consideration  of  all  the  cir- 
f  umstances  yet  known,  may  be  laid  down  for  the  guidance  of  those  who 
ind  it  desirable  to  have  some  standard  of  judgment: — "  1.  A  Corpus 
|  Aiteum,  in  its  earliest  stage  (that  is,  a  large  vesicle  filled  with  coagulated 
1  )lood,  having  a  ruptured  orifice,  and  a  thin  layer  of  yellow  matter  in  its 
I  vails),  affords  no  proof  of  impregnation  having  taken-place. — 2.  From 
be  presence  of  a  Corpus  Luteum,  the  opening  of  which  is  closed,  and  the 
avity  reduced  or  obliterated,  only  a  stellate  cicatrix  remaining,  also  no 
ouclusion  as  to  pregnancy  having  existed,  or  fecundation  having  oc- 
urred  can  be  drawn,  if  the  Corpus  Luteum   be  of  small  size,  not 
sontaining  as  much  yellow  substance  as  would  form  a  mass  the  size  of 
.  small  pea. — 3.  A  similar  Corpus  Luteum  of  larger  size  than  a  common 
>ea,  would  be  strong  presumptive  evidence,  not  only  of  impregnation 
laving  taken-place,  but  of  pregnancy  having  existed  during  several 

*  See  especially  the  Prize  Essay  of  Dr.  J.  C.  Dalton,  'On  the  Corpus  Luteum  of 
lenstruation  and  Pregnancy,'  in  the  "Transact,  of  the  American  Medical  Associa- 
for  1851,  and  separately  reprinted,  Philadelphia,  1851 ;  and  the  excellent  section 
n  '  Reproduction,'  in  his  "Human  Physiology,"  Philadelphia,  1864;  also,  the  essay 
»f  M.  Hiu  in  Schultze's  "  Archiv,"  Bd.  i.  p.  181,  in  which  references  to  the  principal 
vorks  on  the  subject  will  be  found. 
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weeks  at  least;  and  the  evidence  would  approximate  more  and  more 
to  complete  proof,  in  proportion  as  the  size  of  the  corpus  luteum  was 
greater."* 

755.  Since  the  discharge  of  matured  Ova  from  the  ovaries  takes-place 
as  independently  of  sexual  intercourse  in  the  Human  female  (and  in  the 
Mammalia  generally),  as  it  does  in  those  animals  whose  ova  are  fertilized 
out  of  the  body,  it  seems  unnecessary  that  the  seminal  fluid  should  reach 
the  ovarium  in  order  to  effect  the  fertilization  of  the  ova,  since  this  end 
may  be  answered  by  the  contact  of  the  two  in  the  Fallopian  tubes,  or  even 
in  the  Uterus  itself.  From  the  experiments  of  Bischoff,  however,  it 
appears  that  in  rabbits,  bitches,  and  probably  in  most  other  Mammalia, 
sexual  union  usually  takes-place  previously  to  the  escape  of  the  ova  from 
the  ovary,  and  that  sufficient  time  often  elapses  for  the  seminal  fluid  to  reach 
the  ovary  before  their  extrusion  occurs :  in  such  cases,  therefore,  it  would 
seem  probable  that  fecundation  is  effected  at  the  ovary  itself.  That  such 
occasionally  happens  in  the  Human  female,  seems  to  be  unequivocally 
proved  by  the  occurrence  of  tubal  or  even  of  ovarian  fcetation  ;  the  ovum 
having  received  the  fertilizing  influence  immediately  upon  quitting  the 
ovisac,  or  even  before  it  has  entirely  extricated  itself  from  the  ovary,  and 
having  been  in  some  way  checked  in  its  transit  towards  the  uterus,  so  that 
its  development  has  taken-place  in  the  spot  at  which  it  has  been  arrested. 
It  is  affirmed  by  Bischoff  that  by  the  time  the  ovum  reaches  the  uterus, 
or  even  the  lower  end  of  the  Fallopian  tube,  its  capacity  for  impregnation 
is  lost;  but  this  assertion  chiefly  rests  on  the  cessation  of  sexual  desire 
observed  in  those  animals  in  which,  after  death,  the  ova  were  found  in 
these  situations.  There  is  every  reason  to  believe  that  this  is  not  the 
case  in  the  Human  female ;  for  although  the  sexual  desire  may  be  the 
strongest  about  the  period  of  the  maturation  and  escape  of  the  ova,  yet 
it  is  by  no  means  wanting  at  other  times ;  and  the  occasional  occurrence 
of  cases  in  which  impregnation  has  taken-place  from  a  single  coitus  in  the 
middle  of  the  interval  between  the  menstrual  periods,  shows  either  that 
the  ovum  may  retain  its  capacity  for  impregnation  for  some  time  after 
its  escape  from  the  ovary,  or  that  its  maturation  and  extrusion  are  not 
by  any  means  invariably  coincident  with  the  menstrual  period."}-  The 
ova,  when  set-free  from  the  ovaries  by  the  rupture  of  the  ovisacs  and 
the  giving- way  of  their  several  envelopes,  and  surrounded  by  the  cells 
of  the  membrana  granulosa,  are  received  by  the  fimbriated  extremities 
of  the  Fallopian  tubes,  which,  during  the  period  of  sexual  excitement, 
appear  to  be  closely  applied  to  the  surface  of  the  ovaries.  Their  con- 
veyance along  the  Fallopian  tubes  is  probably  due  in  part  to  the  peri- 
staltic movement  of  their  walls,  and  in  part  to  the  action  of  the  cilia 
Avhich  clothe  their  internal  surface. 

*  See  Dr.  Baly's  "  Supplement  to  Muller's  Physiology,"  p-  57.  „ 
+  See  a  case  of  this  kind  recorded  by  Dr.  Oldham  in  the  "Medical  buct^ 
July  13,  1849.— -Instances  are  certainly  not  unjrequent,  in  which  conception  mi 
taken-place  five  or  six  days  after  the  conclusion  of  the  menstrual  period  I  the  aui 
has  himself  know  n  one  in  which  this  occurred,  after  the  menstrual  flow  itself 
sisted  for  a  week.    It  has  been  urged  that  the  known  fertility  of  Jewish  iema le»>  "  ._ 
abstain  from  sexual  intercourse  for  eight  days,  or  even  thirteen  days,  aitertne 
nation  of  the  catamenia,  is  opposed  to  the  idea  that  the  menstrual  period  is  iu» 
'  heat ;'  but  there  is  reason  to  believe  that  this  is  to  be  accounted-for  m  another 
namely,  by  the  usual  occurrence  of  conception  from  intercourse  immedia ie iy  u  / 
the  access  of  the  catamenia.    (See  Mr.  Girdwood,  in  the  "  Lancet,   Dec.  1%  -> 
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756.  The  object  of  the  changes  which  have  been  already  described,  is 
to  bring  the  Ovum  within  the  reach  of  the  fecundating  influence,  and  to 
convey  it  into  the  uterus  after  it  has  been  fertilized ;  we  have  now  to 
consider  the  changes  of  the  Ovum  itself,  which  take-place  during  the 
Bame  epoch. — At  about  the  same  period  that  the  ovum  moves  towards 
the  periphery  of  the  Graafian  follicle,  the  germinal  vesicle  moves  towards 
the  periphery  of  the  yolk ;  and  it  always  takes-up  its  position  at  the  pre- 
cise point  of  the  zona  pellucida  which  is  nearest  the  ovisac,  and  which  is 
closest,  therefore,  to  the  surface  of  the  ovary.    Moreover,  the  germinal 

-  spot  is  always  on  that  part  of  the  germinal  vesicle,  which  is  in  closest 
contact  with  the  zona  pellucida.  Thus,  the  germinal  spOt  is  very  near 
the  exterior  of  the  ovary ;  but  it  is  separated  from  the  peritoneal  coat  of 
the  latter,  by  a  thin  layer  of  its  stroma  forming  the  external  wall  of  the 
Graafian  follicle,  by  the  ovisac  forming  its  internal  membrane,  and  by  the 
zona  pelmcida.    As  soon  as  these  give-way,  there  is  nothing  to  prevent 

(  the  spermatozoa  from  coming  into  direct  contact  with  the  ovum,  even 
before  it  qiiits  the  ovisac.    That  such  contact  is  an  essential  condition  of 

I  fecundation,  there  is  every  reason  to  believe ;  although  as  to  the  precise 
manner  in  which  it  operates,  we  are  at  present  in  the  dark.  There  can 
be  no  doubt  that  it  is  in  the  contact  of  the  spermatozoa  with  the  ovum 

>(§  740),  and  in  the  changes  which  occur  as  the  immediate  consequence  of 
that  contact,  that  the  act  of  Fecundation  essentially  consists.    The  most 
recent  observations  of  the  late  Mr.  Newport  upon  the  process  of  impreg- 
nation of  the  Frog  (some  of  which  the  Author,  through  the  kindness  of 
Mr.  N.,  had  the  opportunity  of  verifying)  showed  that  the  spermatozoa 
become  imbedded  in  the  gelatinous  envelope  of  the  ovum,  within  a  few 
b  seconds  after  they  come  into  contact  with  it ;  and  that  they  then  absolutely 
(  pass  through  the  vitelline  membrane,  into  the  interior  of  the  Ovum,* 
ivhere  they  probably  undergo  a  gradual  diffluence ;  and  thus  the  product 
Jl  )f  the  '  sperm-cell '  may  be  absorbed  into  the  '  germ-cell,'  and  may  inter- 
mingle with  its  contents,  the  Spermatozoon  being  nothing  else  than  an 
I  embodiment  of  the  fertilizing  material  developed  within  the  sperm-cell, 
;  vhich  is  endowed  with  a  temporary  power  of  movement  in  order  that  it 
i  nay  find  its  way  to  the  Ovum. — In  the  Osseous  Fishes  it  has  been  shown 
i  >y  Dr.  Ransome  that  the  Spermatozoa  pass-through  a  minute  opening  in 

I I  he  external  membrane  of  the  ova,  termed  the  micropyle.  A  similar 
f  »pening  has  been  observed  by  Miiller  and  others  in  Insects,  Acephalous 

•Iollusks,  and  in  several  Echinodermata ;  and  its  use,  as  Dr.  Allen  Thom- 
son has  suggested,  is  probably  to  facilitate  the  fecundation  of  ova  possessed 
|  1  very  thick  external  coverings.  A  micropyle  has  not  been  seen  in  any  of 

I  he  Mammalia,  though  the  point  has  been  closely  investigated  by  Reichert 

I I  the  Guinea  Pig.  It  has  been  remarked  by  Mr.  Newport,  that  Sperma- 
i.)zoa  whose  spontaneous  motility  has  ceased,  no  longer  possess  the 

*  "Philos.  Transact.,"  1853,  pp.  266-281  — Prof.  Bischoff,  the  highest  authority 
I  i  thi8  subject,  who  had  disputed  the  validity  of  all  previous  observations  on  the  pene- 
1  ation  of  the  spermatozoa  into  the  interior  of  the  Ovum,  fully  confirmed  those  of  Mr. 
Newport ;  whose  lamented  death  prevented  him  from  enjoying  the  satisfaction  which 
I  is  testimony  to  his  accuracy  would  have  aflbrded  him.— See  also  Dr.  Barry,  in 
I  Philos.  Transact.,"  1840,  p.  533  ;  and  Dr.  Kansome,  in  "  Proceed,  of  Boy.  Soc," 
1 3V-  23,  185  4.    Bischoff  (Ilenle  and  Pfeuffer's  "  Zeits.,"  1865,  p.  268)  considers  that 

by  far  the  majority  of  cases,  the  act  of  fecundation  occurs  whilst  the  ovum  is  tra- 
il rsmg  the  Fallopian  tube. 
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fecundating  power  ;  and  this  fact  concurs  with  other  phenomena  to  indi- 
cate, that  it  is  not  only  a  certain  material,  but  a  vital  force  of  which  that 
material  is  (so  to  speak)  the  vehicle,  which  is  required  to  effect  this 
most  important  operation. 

757.  The  precise  share  which  the  Germinal  ^Vesicle  performs  in  the 
changes  which  take-place  in  the  ovum  about  the  period  of  fecundation, 
has  not  yet  been  satisfactorily  determined.  According  to  Dr.  Barry  (loc. 
cit.),  the  germinal  vesicle  becomes  filled  with  a  new  development  of  cells, 
which  sprout,  as  it  were,  from  its  nucleus  (the  germinal  spot)  ;  and  after 
fecundation,  a  pair  of  cells  is  seen  in  the  space  previously  occupied  by  the 
pellucid  centre  of  the  nucleus,  which  is  developed  at  the  expense  of  the 
rest,  and  is  the  true  foundation  of  the  embryonic  structure.  This  view 
is  to  a  certain  extent  confirmed  by  the  observations  of  Wagner  on  the  ova 
both  of  Frogs  and  Mammalia,  and  by  those  of  Vogt  on  those  of  the  Rana 
obstetricans  ;  both  of  which  lead  to  the  belief  that  such  a  process  of  con- 
formation does  take-place  within  the  germinal  vesicle,  but  that,  instead 
of  the  further  development  being  carried-on  within  the  germinal  vesicle, 
as  maintained  by  Dr.  Barry,  this  ruptures  and  sets-free  the  cells  that  had 
been  developed  in  its  interior,  which  are  now  dispersed  through  the  yolk 
whose  ulterior  changes  take-place  under  their  influence.  Mr.  Newport's 
view  is  nearly  the  same  as  this  ;  and  he  states  that,  in  the  Frog,  this 
dissolution  of  the  germinal  vesicle  and  diffusion  of  its  contents  take-place 
as  a  preparation  for  fecundation,  and  not  in  consequence  of  it.*  That  the 
germinal  vesicle  is  no  longer  to  be  seen  when  the  metamorphoses  of  the 
yolk  have  commenced,  is  now  universally  admitted;  but  with  regard  to 
the  antecedent  process  just  described,  there  is  still  a  want  of  accordance 
amongst  Embryologists,  its  existence  being  altogether  denied  by  Bischoff, 
who  maintains  that  the  germinal  vesicle  simply  dissolves-away  shortly 
after  coition.  The  Author  is  strongly  inclined  to  believe,  however,  from 
his  own  observations,  as  well  as  from  a  priori  considerations  based  on  the 
history  of  Vegetable  fertilization,  that  there  is  a  development  of  cells 
within  the  germinal  vesicle,  at  the  time  of  its  maturation ;  and  that  it  is 
by  the  influence  of  Ihe  spermatic  fluid  upon  one  of  these  cells,  after  it  has 
been  set- free  in  the  midst  of  the  yolk  by  the  rupture  or  diffluence  of  the 
germinal  vesicle,  that  the  first  cell  of  the  embryonic  fabric  is  generated.! 

758.  Having  thus  noticed  the  principal  points  of  the  history  of  the 
development  and  impregnation  of  the  Ovum,  we  shall  proceed  to  considei 
the  provisions  made  for  the  Nutrition  of  the  Embryo,  through  the  Gene- 
rative apparatus  of  its  female  Parent,  up  to  the  time  of  parturition) 
deferring  the  history  of  its  own  Development  for  that  separate  considera- 
tion which  the  importance  of  this  subject  demands  (Sect.  4).— -About  the 
time  that  the  ovum  is  leaving  the  ovary,  the  cells  of  the  proligerous  disk 
which  immediately  surrounds  the  zona  peliucida  become  club-shaped ; 
their  small  ends  being  applied  to  the  surface  of  the  ovum,  so  as  t0Sn'^ 
it  somewhat  of  a  stellate  appearance.  According  to  Bischoff,  these  ce  & 
entirely  disappear  from  the  ovum  of  the  Babbit  as  soon  as  it  has  cnterec 
the  Fallopian  tube  :  whilst  in  the  Bitch  they  become  round,  and  c<  ntinu 
to  invest  the  ovum  in  this  form  throughout  its  whole  transit  to  the  utei 

*  "Philos.  Transact.,"  1851,  p.  178.  ...  227- 

+  See  Huxley  on  '  Development  of  Pyrosoma,'  in  "  Linn.  Trans.,   vol.  xxm.y. 
and  "Ann.  Nat,  Hist.,"  Scr.  3,  vol.  v.  pp.  29-35. 
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During  its  passage,  the  ovum  acquires  a  sort  of  gelatinous  envelope, 
which  is  enclosed  in  a  membrane  of  fibrous  texture,  termed  the  Chorion. 
This  envelope  is  probably  of  an  albuminous  nature  in  reality,  correspond- 
ing with  the  '  white'  of  the  Bird's  egg ;  whilst  the  fibrous  texture  of  the 
chorion  seems  to  be  produced,  like  the  membranous  basis  of  the  egg-shell 
of  the  bird,  by  the  exudation  of  fibrin  from  the  lining  membrane  of  the 
Fallopian  tube  or  oviduct.  The  outer  layer  of  this  envelope,  in  the  egg 
of  the  Bird,  is  consolidated  by  the  de]30sition  of  particles  of  carbonate  of 
lime  in  its  areola; ;  and  none  of  it  undergoes  any  further  organization. 
The  Chorion  of  the  Mammal,  on  the  other  hand,  is  destined  to  undergo 
changes  of  a  much  higher  order,  which  adapt  it  for  participating  to  a 
most  important  degree  in  the  nutrition  of  the  included  embryo.  The 
first  of  these  changes  consists  in  the  extension  of  the  cellular  surface  of 
the  membrane  into  a  number  of  villous  prolongations,  which  give  it  a 
spongy  or  shaggy  appearance  (Fig.  229)  ;  these  serve  as  absorbing  radi- 
cles, and  form  the  channel  through  which  the  embryo  is  nourished  by 
he  fluids  of  the  parent,  until  a  more  perfect  communication  is  formed  by 
;he  subsequent  extension  of  vessels  into  them. 
759.  We  have  now  to  speak  of  the  changes  in  the  Uterus  which  take- 

Fig.  226.  Fig.  227. 


*'g.  226.  Section  of  the  Lining  Membrane  of  a  Human  Vteru*  at  the  period  of  commencing 
pregnancy,  twice  the  natural  size  ;  showing  the  arrangement  and  other  peculiarities  of  the 
fP*°ds,  d,  d,  d,  with  their  orifices,  a,  a,  a,  on  the  internal  surface  of  the  organ. 

v  227.  A  portion  of  Fig.  226  more  enlarge.!,  showing  the  convoluted  extremities  of  (he 
tubular  glandulte. 


ace  in  consequence  of  Conception,  and  which  prepare  it  to  receive  the 
um.    Of  these  the  most  important  is  the  formation  of  the  Membrana 
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Decidua,  so  called  from  its  being  cast-off  at  each  parturition.  This  mem- 
brane has  been  usually  supposed  to  be  a  new  formation ;  and  has  been 
described  as  originating  in  coagulable  lymph  thrown-out  on  the  inner 
surface  of  the  uterus,  into  which  vessels  are  prolonged  from  the  subjacent 
substance.  It  appears,  however,  from  the  researches  of  Profrs.  Sharpey 
and  Weber,*  that  this  is  not  the  true  account  of  it ;  and  that  the 
Decidua  vera  is  really  composed  of  the  inner  portion  of  the  Mucous  mem- 
brane itself,  which  undergoes  a  considerable  change  in  its  character.  The 
Uterus  is  lined  by  columnar  ciliated  epithelium,  which  according  to 
Robinf  is  partly  exchanged  during  the  progress  of  pregnancy  for  the 
tesselated  variety  and  partly  desquamates ;  it  presents  also  on  its  free  sur- 
face a  tubular  structure  (Figs.  226,  227)  ;  not  very  unlike  that  which  has 
been  described  as  existing  in  the  lining  membrane  of  the  stomach  (§  101). 
This  tubular  portion  becomes  thickened  and  increased  in  vascularity, 
within  a  short  time  after  conception ;  and  when  the  inner  surface  of  a 
newly-impregnated  Uterus  is  examined  with  a  low  magnifying  power, 
the  orifices  of  its  tubes  are  very  distinctly  seen,  being  lined  with  a  white 
epithelium.  The  blood-vessels  form  a  very  minute  network,  which  ex- 
tends in  loops  from  the  subjacent  portion  of  the  membrane.  According 
to  the  observations  of  Prof.  GoodsirJ  and  Schroeder  v.  der  Kolk,  the 
interfollicular  spaces  are  crowded  with  fat  molecules  and  nucleated  par- 
ticles ;  and  it  is  to  the  development  of  this  interfollicular  substance,  as 
well  as  to  the  enlargement  of  the  follicles  themselves,  and  the  copious 
development  of  epithelial  cells  in  their  interior,  that  the  mucous  mem- 
brane in  this  condition  owes  its  increased  thickness.  This  increased 
development  appears  to  have  reference  in  part  to  the  temporary  nutrition 
of  the  Ovum,  and  in  part  to  the  further  evolution  of  the  decidual  sub- 
stance itself  in  the  formation  of  the  Placenta.  The  cavity  of  the  Uterus 
shortly  becomes  filled  with  a  fluid,  evidently  poured-out  from  the  folli- 
cles in  its  walls,  and  containing  a  large  number  of  nucleated  cells;  and 
in  this  the  villi  of  the  chorion  imbed  themselves,  obviously  for  the  pur- 
pose of  deriving  from  it  the  materials  required  for  the  development  of  the 
embryonic  structures.  These  villi  are  easily  traced  in  the  Bitch  (as 
Dr.  Sharpey  first  pointed-out)  into  the  mouths  of  the  uterine  glandulffi, 
some  of  which  are  composite  in  their  structure,  a  single  outlet  being 
common  to  a  number  of  follicles ;  but  they  have  not  yet  been  so  traced 
in  the  Human  subject. 

760.  The  Deciduous  membrane  is  found  at  a  later  period  to  consist 
of  two  layers:  the  Decidua  vera  lining  the  uterus,  and  the  Decidua 
reflexa  covering  the  exterior  of  the  ovum.  Regarding  the  origin  of  this 
second  layer,  there  has  been  a  good  deal  of  difference  of  opinion.  The 
doctrine  first  propounded  by  Dr.  W.  Hunter,  which  is  indicated  by  the 
name  he  bestowed  upon  the  membrane,  was  that  the  '  decidua  reflexa 
is  a  portion  of  the  true  decidua,  which  has  been  pushed  before  the  ovum 
at  its  entrance  into  the  uterus ;  it  being  supposed  that  the  true  decidua 

*  Muller's  "Elements  of  Physiology,"  pp.  1574-1580     See  dfJ^jjff. 
'  Uterus  and  its  Appendages,'  by  Dr.  A.  Farre,  in  "  Cyclop,  of  Anat.  and  ^gravid 
supplementary  volume,  p.  655;  and  the  Lectures  of  Dr.  Priestley  On  tlie  ura 
Uterus,'  in  the  "Med.  Times  and  Gazette,"  1858,  vol.  u. 

t  Brown-Sequard's  "Journal  de  la  Physiologie,"  vol.  l.  1858,  p.  bU. 

j  "Anatomical  and  Physiological  Observations,"  chap.  ix. 
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First  stage  of  the  formation  of  the  Decidua  reflexa 
around  the  Ovum. 


Drms  a  completely  closed  sac  (like  that  of  a  serous  membrane),  against 
ie  outside  of  which  the  ovum  is  applied,  so  that  it  comes  to  be  invested 
y  a  double  layer  of  it,  as  the  heart  is  by  the  pericardium,  or  the 
ings  by  the  pleura.    But  this  view  is  negatived  by  a  number  of  con- 
derations.    For,  in  the  first  place,  the  original  decidua  does  not  form 
te  closed  sac  which  this  supposition  involves,  but  extends  (like  the 
ucous  membrane  of  which  it  is  a  metamorphosed  form)  into  the  Fal- 
pian  tubes ;  and  the  ovum,  at  its  entrance  into  the  uterus,  really  lies 
>on  its  internal  surface.    But  again,  the  texture  of  the  two  layers  is 
iry  different;  for,  as  was  first  pointed-out  by  Professor  Goodsir  (loc. 
t.)  the  decidua  reflexa  is  almost  entirely  composed  of  cells,  exhibiting 
w  or  none  of  the  orifices  of  the  glandular  follicles  which  are  charac- 
mtic  of  the  decidua  vera,  ex- 

ipt  near  the  part  where  the  Fig.  228. 

0  layers  are  continuous, 
unifying  on  its  surface  are 
imerous  flat  vessels,  described 

Dr.  A.  Farre    as  venous 
•  annels,  which  with  their  mi- 
te subdivisions  give  a  pink 
;£e  to  the  whole  surface.  Ac- 
:ding  to  the  observations  of 
Coste  and  Dr.  Arthur  Farre, 
Lwever,  there  is  a  considerable 
emblance  between  the  two 
{  ers  at  an  early  period ;  and  they  consider  the  following  to  be  the 
\  de  in  which  the  second  investment  is  formed : — When  the  ovum 
t  ,ers  the  uterus,  it  becomes  partially  imbedded  in  the  substance  of  the 
L  :idua,  which  is  as  yet  quite  soft  (Fig.  228) ;  and  this,  receiving  an 
jfi  reased  nutrition  at  the  part  with  which  the  ovum  comes  into  contact, 
L«  ws-up  around  it,  very  much 

wrr  the  manner  in  which  the  Fig.  229. 

■jhy  granulations  grow  up 
I  und  the  pea  imbedded  in  a 
[■  stic  issue.  This  extension 
j  '.he  decidual  substance  con- 
It  les  (Fig.  229),  until  it  has 
j  ipletely  enveloped  the  ovum ; 

it  is  thus,  according  to 
In,  that  the  decidua  reflexa 

>rmed,  in  continuity  with  the 

idua  vera.*     As  the  ovum 

|  eases    in     size,    the    Cavity  More  advanced  stage  of  Decidua  reflexa. 

veen  the  decidua  vera  and  the  decidua  reflexa,  or,  as  it  is  sometimes 
|  led,  the  uterine  chamber,  gradually  diminishes,  and  by  the  end  of 
third  month  either  the  two  layers  come  into  contact  and  are  hence- 

1  This  doctrine  was  first  announced  by  M.  Coste,  in  a  communication  to  the  Parisian 
E  lemy  of  Sciences,  on  the  basis  of  observations  on  two  Uteri  at  the  20th  and  25th 
[  of  gestation.    (See  "Comptes  Rendus,"  Mai  24,  1847.)    It  seems  to  be  that 

I' is  altogether  most  in  liarmony  with  observed  facts;  and  especially  with  those 
[i'ed  by  Professors  Sharpey  and  Weber.— See,  also,  the  Memoir  of  M.  Robin  on  the 
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forth  indistinguishable— the  whole  cavity  of  the  uterus  being  occupied 
by  the  foetal  chamber— or,  as  Dr.  Farre  suggests,  the  decidua  rPfW, 


forth 

iggests,  the  decidua  reflexai 
may,  after  first  becoming  extremely  attenuated,  ultimately  entirely 
vanish.  \ 

761.  The  surface  of  the  Ovum,  thus  surrounded  by  the  double  layer 

of  the  deciduous  membrane,  and 
Flfi-  230-  during  the  first  three  or  four  weeks 

lying  loose  in  the  foetal  chamber,  is 
rendered  shaggy  by  the  growth  of 
villous  tufts  from  the  surface  of  its 
investing  Chorion  (Fig.  230),  by 
which  it  begins  to  be  attached  to  the 
walls  that  surround  it.     Each  ofj 
these  tufts,  as  was  first  pointed-out 
by  Prof.  Goodsir  (loc.  cit.),  is  com- 
posed of  an  assemblage  of  nucleated 
cells,  which  are  found  in  various i 
stages  of  development;  and  these 
are  always  enclosed  within  a  layer  of 
basement-membrane,  which  seems 
to  be  itself  composed  of  flattened 
cells  united  by  their  edges.    At  the  I 
free  extremity  of  each  villus  is  a| 
bulbous  expansion,  the  cells  com- J 
posing  which  are  arranged  round I 
a  central  spot;   and  it  is  at  this! 
point  that  the   most  active  pro- 1 
cesses  of  growth  take-place,  the  I 
villus  elongating  by  the  development  of  new  cells  from  its  germinal  I 
spot,  and  (like  the  spongiole  of  the  plant)  drawing-in  nutriment  from  J 
the  soil  in  which  it  is  imbedded. — In  its  earliest  grade  of  development,! 
the  chorion  and  its  villi  contain  no  vessels ;  and  the  fluid  drawn-in  byj 
the  tufts  is  communicated  to  the  embryo  by  the  absorbing  powers  ofj 
the  germinal  membrane  of  the  latter.    But  when  the  tufts  are  pene-j. 
trated  by  blood-vessels,  and  their   communication  with  the  embryol: 
becomes  more  direct,  the  means  by  which  they  communicate  with  thel 
parent  are  found  to  be  still  essentially  the  same ;  namely,  a  double  layerl 
of  nucleated  cells,  one  layer  belonging  to  the  foetal  tuft,  and  the  otherl 
to  the  vascular  maternal  surface.    It  is  from  these  elements  that  thel; 
Placenta  is  formed.  \  j 

762.  The  first  stage  in  this  process  consists  in  the  extension  of  the 
Foetal  vessels  into  the  villi  of  the  Chorion  over  its  entire  surface,  m  the 
manner  hereafter  to  be  detailed  ;  so  that  the  nutriment  which  these  villi 
imbibe,  instead  of  being  merely  added  to  the  albuminous  fluid  surround- 
ing the  yolk-bag,  is  now  conveyed  directly  to  the  embryo.  This— the 
earliest  and  simplest  mode  by  which  the  Foetus  effects  a  new  connec- 

Mucous  Membrane  of  the  Uterus,  in  the  "Archiv.  Gen.  de  Med.,"  4e  Ser.,  torn  .  xvn 
xviii.;  also,  Bischoff,  '  Neue  Beobacht.  zur  Entwickehings  geschichtc -.  KB  ju 
schweinchen,'  in  "  ALhand.  d.  Bayer's  Akad.,"  Bd.  x  A  ,  1,   8G6 ;  Be chert  o. 
cit.;  and  Hensen,  ' Embryologische  Miltheil,'  "Archiv  f.  Mikroskop.  Anat.,  ua. 
1867,  p.  371. 


Entire  Human  Ovum  of  81  h  week,  sixteen  lines 
in  length  (not  reckoning  the  tufts) ;  the  surface 
of  the  Chorion  partly  smooth,  and  partly  ren- 
dered shaggy  by  the  growth  of  tufts. 
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Portion  of  the  ultimate  ramifications  of  the  Umbilical 
vessels,  forming  the  Foetal  Villi  of  the  Placenta. 

Fig.  232. 


don  with  the  parent — is  the  only  one  in  which  it  ever  takes-place  in  the 
lower  Mammalia,  which  are  hence  properly  designated  as  '  non-placental, 
rather  than  as  ovo-vivipa- 

rous.    In  the  higher  Mam-  Fig.  231. 

madia,  however,  there  soon 
occurs  a  great  extension  of 
the  vascular  tufts  of  the  foetal 
chorion,  at  certain  points ; 
and  a  corresponding  adapta- 
tion, on  the  part  of  the 
uterine  structure,  to  afford 
them  an  increased  supply 
of  nutritious  fluid.  These 
specially  prolonged  portions 
are  scattered  in  the  Rumi- 
nautia  and  some  other  Mam- 
malia, over  the  whole  surface 
of  the  chorion,  forming  what 
are  termed  the  1  cotyledons  ;' 
but  in  the  higher  orders, 
and  in  Man,  they  are  con- 
:entrated  in  one  spot,  form- 
ing the  Placenta.  In  some 
)f  the  lower  tribes  the  ma- 

ernal  and  the  foetal  portions 

)f  the  placenta  may  be  very 

asily  separated  ;  the  former 

:onsisting  of  the  thickened 
i  )ecidua,  and  the  latter  being 

omposed  of  the  prolonged 
L  nd  ramifying  muscular  tufts 
!  f  the  Chorion,  dipping- 
I  own  into  it.  But  in  the 
i  luman  placenta,  the  two 
j  iements  are  mingled  together 

hrough  its  whole  substance. 

-On  looking  at  the  foetal 
frarface  of  the  Human  pla- 

snta,  we  perceive  that  the 

mbilical  vessels  diverge  in 

?ery   direction   from  the 
I : Dint  at  which  they  enter  it ; 
liid  their  subdivisions  form 
large  mass  of  capillaries, 
ranged  in  a  peculiar  manner  (Figs.  231,  232),  and  constituting  what 
J  e  known  as  the  foetal  villi.    Each  villus  contains  one  or  more  capil- 

I  ry  loops,  communicating  with  an  artery  on  one  side,  and  with  a  vein 

I I  the  other ;  but  the  same  capillary  may  pass  into  several  villi,  before 
[  -entering  a  larger  vessel.  The  capillaries  of  the  villi  are  covered, 
\  in  the  chorion,  by  a  layer  of  cells  (Fig.  232,  a,  a,  Fig.  233,  /), 
I  closed  in  basement-membrane  (e)  ;  but  the  foetal  tuft  thus  formed  is 


Portion  of  one  of  the  Foetal  Villi,  about  to  form  part  of 
the  Placenta,  highly  magnified  : — a,  a,  its  oellular  cover- 
ing ;  b,  b,  b,  its  looped  vessels  ;  c,  c,  its  basis  of  connective 
tissue. 
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Fig.  233. 


Extremity  of  &  Placental  Villut: — a,  ex- 
ternal membrane  of  the  villus,  continuous 
with  the  lin'ng  membrane  of  the  vascular 
system  of  the  mother ;  6,  external  cells  of 
the  villus,  belonging  to  the  placental  de- 
cidua :  c,  c,  germinal  centres  of  the  exter- 
nal cells;  d,  the  space  between  the  mater- 
nal and  foetal  portions  of  the  villus  ;  e,  the 
internal  membrane  of  the  villus,  continu- 
ous with  the  external  membrane  of  the 
chorion  ;  f,  the  int  ernal  cells  of  the  villus, 
belonging  to  the  chorion;  g,  the  loop  of 
umbilical  vessels. 


inclosed  in  a  second  series  of  envelopes  (Fig.  233,  a,  b,  c),  derived 
from  the  maternal  portion  of  the  placenta, — a  space  (d)  being  left 

however,  between  the  two,  at  the  ex- 
tremity of  the  tuft. 

763.  Whilst  the  foetal  portion  of  the 
Placenta  is  thus  being  generated  by 
the  extension  of  the  vascular  tufts  of  the 
Chorion,  the  maternal  portion  is  formed 
by  the  enlargement  of  the  vessels  of 
the  Decidua,  between  which  they  dip 
down.  "These  vessels  assume  the 
character  of  sinuses ;  and  at  last  swell- 
out  (so  to  speak)  around  and  between 
the  villi ;  so  that  finally  the  villi  are 
completely  bound-up  or  covered  by  the 
membrane  which  constitutes  the  walls 
of  the  vessels,  this  membrane  following 
the  contour  of  all  the  villi,  and  even 
passing  to  a  certain  extent  over  the 
branches  and  stems  of  the  tufts.  Be- 
tween this  membrane,  or  wall  of  the 
enlarged  decidual  vessels,  and  the  internal  membrane  of  the  villi, 
there  still  remains  a  layer  of  the  cells  of  the  decidua."*  In  this 
manner  is  formed  the  maternal  portion  of  the  placenta,  which  may 
be  regarded  in  its  adult  state  (as  was  well  pointed-out  by  Dr.  J. 
Reidf)  in  the  light  of  a  large  sac  formed  by  a  prolongation  of  the 
inner  coat  of  the  uterine  vessels ;  against  the  foetal  surface  of  which 
sac  the  tufts  just  described  may  be  said  to  push  themselves,  so  as  to 
dip  down  into  it,  carrying  before  them  a  portion  of  its  thin  wall, 
which  constitutes  a  sheath  to  each  tuft.  Now  as  every  extension  of 
the  uterine  vessels  carries  the  decidua  before  it,  every  one  of  the 
vascular  tufts  that  dips-down  into  it  will  be  covered  with  a  layer  of  the 
cellular  structure  of  the  latter  ;  and  the  fcetal  portion  of  each  tuft  will 
thus  be  inclosed  in  a  layer  of  maternal  cells  and  basement  membrane 
(Fig.  233,  a,  b,  c).  Dr.  A.  Farre  is,  however,  of  opinion  that  the 
maternal  vascular  walls  are  not  continued  into  the  sinuses  of  the 
placenta.  He  believes  the  blood  in  the  interior  of  the  placenta  to  be  as 
much  external  to  the  maternal  vascular  system  as  it  is  while  passing- 
through  a  quill  inserted  between  the  divided  ends  of  a  vein  in  the  living 
animal.|  However  this  may  be,  the  whole  interior  of  the  Placental 
cavity  becomes  (Fig.  234)  intersected  by  numerous  tufts  of  foetal 
vessels  disposed  in  fringes,  and  bound-down  by  reflexions  of  the  debate 
membrane  that  forms  its  proper  wall ;  just  as  the  intestines  are  held  m 
their  places  by  the  reflexions  of  the  peritoneum  that  covers  them.  IMS 
view  was  suggested  to  Dr.  Eeid  by  the  very  interesting  fact,  that  tiie 
tufts  of  fcetal  vessels  not  unfrequently  extend  beyond  the  uterine  surface 
of  the  placenta,  and  dip-down  into  the  uterine  sinuses  (Fig.  235)  ;  wn 

*  Prof.  Goodsir's  "Anatomical  and  Pathological  Ohservations,"  p.  60. 
t  "Edin.  Med.  and  Surg.  Journ.,"  Jan.  1841  ;  and  "  Anal.,  1  hys.,  ana 


Researches,"  chap.  viii. 


+  Loc.  cit.  p.  722. 
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they  are  still  covered  and  held  in  their  places  by  reflexions  of  the  same 
membrane.    All  the  bands  which  connect  and  tie-down  the  tufts  are 


Fig.  234. 


Section  of  a  portion  of  a  fully-formed  Placenta,  with  the  part  of  the  Uterus  to  which  it 
is  attached : — a,  umbilical  cord ;  b,b,  section  of  uterus,  showing  the  venous  sinuses  ;  c,  c,  c, 
branches  of  the  umbilical  vessels ;  d,  d,  curling  arteries  of  the  uterus. 

j  )rmed  of  the  same  elements  as  the  envelopes  of  the  tufts  themselves ; 
:  amely,  a  fold  of  the  lining  membrane  of  the  decidual  sinuses,  and  a 
I  lyer  of  the  cellular  decidua. 

j "  764.  The  Maternal  blood  is  conveyed  into  the  Placental  cavity  by  the 
|  curling  arteries'  of  the  uterus  (Fig.  234,  d,  Fig.  235,  c) ;  and  is  received- 


Fig.  235. 


Diagram  of  the  structureof  the  Placenta:— showing,  a,  the  substance  of  the  uterus  ,  b,  the 
cavity  of  a  sinus :  c,  curling  arteries ;  d,  d,  the  decidual  lining  of  the  uterus :  e,  e,  the  foetal 
tufts  dipping-down  into  this. 

ck  from  it  into  the  large  veins  that  are  commonly  designated  as  sinuses 
'.ig-  234,  235,  b,  b).  The  foetal  vessels  (Fig.  234,  c,  c,  Fig.  235,  e,  e) 
lng  bathed  in  this  blood,  as  the  branchiae  of  aquatic  animals  are  in  the 
iter  that  surrounds  them,  not  only  enable  the  foetal  blood  to  exchange 

3  i 
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its  venous  character  for  the  arterial,  by  parting  with  its  carbonic  acid  to 
the  maternal  blood,  and  receiving  oxygen  from  it ;  but  they  also  serve 
as  rootlets,  by  which  certain  nutritious  elements  of  the  maternal  blood 
(probably  those  composing  the  liquor  sanguinis)  are  taken  into  the  system 
of  the  foetus.  In  this,  they  closely  correspond  with  the  villi  of  the  intes- 
tinal canal ;  and  there  is  this  further  very  striking  analogy, — that  the 
nutrient  material  is  selected  and  prepared  by  two  sets  of  cells,  one  of 
which  (the  maternal)  transmits  it  to  the  other  (the  foetal),  in  the  same 
manner  as  the  epithelial  cells  of  the  intestinal  villi  seem  to  take-up 
and  prepare  the  nutrient  matter,  which  is  destined  to  be  still  further 
assimilated  by  the  cells  that  float  in  the  circulating  current.  It  is 
probable,  too,  that  the  Placenta  is  to  be  regarded  as  an  excreting  organ ; 
serving  for  the  removal,  through  the  maternal  blood,  of  excrementitious 
matter  whose  continued  circulation  through  the  blood  of  the  foetus  would 
be  prejudicial  to  the  latter.  And  it  will  be  in  this  mode  that  the  blood  of 
the  mother  may  become  impregnated  with  substances,  or  impressed 
with  attributes,  originally  belonging  to  the  male  parent ;  so  as  to  impart 
these  to  the  products  of  subsequent  conceptions  by  a  different  father 
(§  777).*  There  is  no  more  direct  communication  between  the  mother 
and  foetus  than  that  which  is  afforded  by  this  immersion  of  the  foetal  tufts 
in  the  maternal  blood  ;  all  the  observations  which  have  been  supposed 
to  prove  the  existence  of  real  vascular  continuity,  having  been  falsified 
by  the  extravasation  of  fluid,  probably  consequent  upon  the  force  used  in 
injecting  the  vessels.  Moreover,  the  different  size  of  the  blood- corpuscles 
in  the  foetus  and  in  the  parent  (§  178)  shows  the  non-existence  of  any 
such  communication. 

765.  The  formation  of  the  Placenta,  in  the  manner  just  described, 
commences  in  the  latter  part  of  the  second  month ;  during  the  third, 
the  organ  acquires  its  proper  character ;  and  it  subsequently  goes-on 
increasing,  in  accordance  with  the  growth  of  the  Ovum.  Towards  the 
end  of  the  term  of  gestation,  however,  it  becomes  more  dense  and  less 
vascular ;  owing,  it  would  seem,  to  the  obliteration  of  several  of  the 
minuter  vessels,  which  are  converted  into  hard  fibrous  filaments.  The 
vessels  of  the  Uterus  undergo  great  enlargement  throughout,  but  espe- 
cially at  the  part  to  which  the  placenta  is  attached ;  and  the  blood  in 
moving  through  them  produces  a  peculiar  murmur,  which  is  usually 
distinctly  audible  at  an  early  period  of  pregnancy,  and  may  be  regarded 
(when  due  care  is  taken  to  avoid  sources  of  fallacy),  as  one  of  its  most, 
unequivocal  positive  signs.  The  '  placental  bruit'  is  thus  described  by 
Dr.  Montgomery  :f— -"  The  characters  of  this  phenomenon  are,  a  low 
murmuring  or  somewhat  cooing  sound,  resembling  that  made  by  blowing 
gently  over  the  lip  of  a  wide-mouthed  phial,  and  accompanied  by  a 
slight  rushing  noise,  but  without  any  sensation  of  impulse.  The  soun 
is,  in  its  return,  exactly  synchronous  with  the  pulse  of  the  mother  at  the 
time  of  examination  ;  and  varies  in  the  frequency  of  its  repetitions,  wi  i 
any  accidental  variation  which  may  occur  in  the  maternal  circulation. 
Its  situation  does  not  vary  during  the  course  of  the  same  pregnancy;  bu 

of 

*  See,  for  various  proofs  that  the  mother  mav  be  poisoned  through  the  Pre8^nf/\°n 
noxious  substances  in  the  blood  of  the  foetus,  the  Essay  by  Mr.  Savory,  enti«eo  u 
Experimental  Inquiry  into  the  Effect  upon  the  Mother  of  Poisoning  tne  i«  , 
London,  1838.  t  "  Signs  of  Pregnancy,"  p.  121. 
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in  whatever  region  of  the  uterus  it  is  first  heard,  it  will  in  future  be  found, 
if  recognized  at  all, — for  it  is  liable  to  intermissions, — at  least,  we  shall 
occasionally  be  unable  to  hear  it  where  we  have  already  heard  it  a  short 
time  before,  and  where  we  shall  shortly  again  recognize  it.  According  to 
my  experience,  it  will  be  most  frequently  heard  about  the  situation  of  the 
Fallopian  tube  of  the  right  side ;  but  it  may  be  detected  in  any  of  the 
lateral  or  anterior  parts  of  the  uterus."  That  the  cause  of  this  sound 
exists  in  the  Uterus  itself,  is  distinctly  proved  by  the  fact,  that  it  has  been 
heard  when  that  organ  was  so  completely  anteverted,  that  the  fundus 
hung-down  between  the  patient's  thighs.  A  sound  so  much  resembling 
this  as  to  be  scarcely  distinguishable  from  it,  may  be  occasioned,  however, 
by  a  cause  of  a  very  different  nature, — namely,  an  abdominal  tumour, 
pressing  upon  the  aorta,  iliac  arteries,  or  enlarged  vessels  of  its  own ;  and, 
in  doubtful  cases,  it  is  necessary  to  give  full  weight  to  the  possibility  of 
such  an  explanation.  The  sound  may  be  imitated  at  any  time,  by  pressing 
the  stethoscope  on  the  iliac  arteries.  The  placental  bruit  has  been  not 
unfrequently  heard  in  the  eleventh  week ;  but  it  cannot  generally  be  de- 
tected before  the  fourth  month,  when  the  fundus  uteri  rises  above  the 
anterior  wall  of  the  pelvis. 

766.  The  increase  in  the  size  of  the  Uterus,  which  takes-place  pari 
passu  with  the  enlargement  of  the  ovum,  is  accompanied  with  a  remark- 
able augmentation  in  the  amount  of  its  substance.  Up  to  about  the  fifth 
or  sixth  month,  not  only  its  cavity,  but  the  thickness  of  its  walls,  is  pro- 
gressively added- to ;  from  that  time  to  the  end  of  gestation,  the  thickness 
of  the  walls  diminishes  whilst  the  cavity  increases,  but  not  in  an  equal 
proportion;  and  at  the  conslusion  of  parturition,  its  solid  bulk  is  estimated 
at  about  twenty-four  times  that  of  the  unimpregnated  Uterus.  The 
augmented  volume  of  the  organ  is  chiefly  due  to  the  increased  develop- 
ment of  its  Muscular  coat,  which  is  composed  of  the  fusiform  cells  with 
staff-shaped  nuclei,  that  make-up  the  '  non-striated'  muscular  fibre  else- 
where. According  to  Prof.  Kolliker,  a  vast  amount  of  new  fibres  are 
generated  during  the  early  months  of  pregnancy ;  but  there  is  at  the 
same  time  an  extraordinary  increase  in  the  size  of  those  previously  formed, 
their  length  being  multiplied  from  seven  to  eleven  times,  and  their  width 
from  twice  to  five  times.  After  the  sixth  month  the  origination  of  new 
muscular  fibres  seems  to  cease,  but  the  augmentation  in  the  size  of  those 
already  generated  seems  to  continue.  The  connective  tissue  which  unites 
the  muscular  fibres  also  increases  during  pregnancy,  and  becomes  more 
iistinctly  fibrous.*  It  has  been  shown  by  Dr.  Lee,  j  in  his  beautiful  pre- 
parations and  drawings,  that  the  Nerves  of  the  Uterus,  which  are  derived 
rom  the  inferior  mesenteric  plexus  and  the  middle  sacral  nerves,!  also 
andergo  a  great  augmentation  during  pregnancy.  Simultaneously  with 
-he  enlargement  of  the  uterus,  the  Mammary  gland  and  its  appendages 
mdergo  a  fuller  development ;  and  from  this  a  valuable,  but  not  unequi- 
vocal, indication  of  pregnancy  may  be  drawn.  Occasional  shooting  pains 
n  the  Mammae  are  not  unfrequently  experienced  within  a  short  period 
ifter  conception ;  and  more  continued  tenderness  is  also  not  unusual.  A 
j  ense  of  distension  is  very  commonly  experienced  at  about  the  end  of  the 

*  See  Kolliker's  "  Manual"  (Syd.  Soc.  Ed.),  vol.  ii.  pp.  258,  259. 
t  "  Phil.  Transact." 

t  Korncr,  Heideuhain's  "  Stud,  dcs  Physiol.  Instir.  zu  Brcslau,".1865,  p.  109* 
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second  month  ;  and  from  that  time  a  distinct  '  knottiness'  usually  begins 
to  present  itself,  increasing  with  the  advance  of  pregnancy.  In  many 
instances,  however,  these  mammary  sympathies  are  entirely  absent ;  and 
they  may  be  simulated  by  changes  that  take-place  in  consequence  of 
various  affections  of  the  uterus.  A  change  of  colour  in  the  areola  is  a 
very  common,  but  not  an  invariable,  occurrence  in  the  early  months  of 
pregnancy  ;  but  another  sign  is  afforded  by  the  areola  and  nipple,  which 
is  of  more  value  because  more  constant, — namely,  a  puffy  turgescence, 
and  an  increased  development  of  the  little  glandular  follicles,  or  tubercles, 
which  commonly  secrete  a  dewy  moisture. — Many  other  changes  in  the 
constitution  occur  during  pregnancy  ;  indicated  by  the  buffmess  of  the 
blood,  the  irritability  of  the  stomach,  and  the  increased  excitability  of 
the  mind.  All  these,  however,  are  discussed  with  sufficient  amplification, 
in  works  on  Obstetric  Medicine. 

767.  The  act  of  Conception,  being  one  of  a  purely  organic  nature,  is 
not  itself  productive  of  any  sensation  on  the  part  of  the  mother;  but 
there  are  some  women  in  whom  it  is  attended  with  certain  sympathetic 
affections,  such  as  faintness,  vertigo,  &c,  that  enable  them  to  fix  upon 
the  particular  time  at  which  it  has  taken  place.  From  that  period,  how- 
ever, the  mother  has  no  direct  consciousness  of  the  change  going-on  in 
the  uterus  (save  by  the  effects  of  its  increasing  pressure  on  other  parts), 
until  the  occurrence  of  what  is  termed  '  quickening.'  This  is  generally 
described  as  a  kind  of  fluttering  movement,  attended  with  some  degree 
of  syncope  or  vertigo.  After  it  has  once  occurred,  and  has  strongly  ex- 
cited attention,  it  is  occasionally  renewed  once  or  twice,  and  then  gives 
place  to  the  ordinary  movements  of  the  foetus.  Not  unfrequently,  how- 
ever, no  movement  whatever  is  felt,  until  near  the  end  of  the  term  of 
gestation,  or  even  through  the  whole  of  it.  As  to  the  cause  of  the  sen- 
sation, Obstetricians  are  much  divided ;  and  no  satisfactory  account  has 
been  given  of  it.  It  has  been  vulgarly  supposed  to  be  due  to  the  first 
movement  of  the  foetus,  which  was  imagined  then  to  become  possessed  of 
an  independent  life  ;  and  the  English  law  recognizes  the  truth  of  this 
doctrine,  in  varying  the  punishment  of  an  attempt  to  procure  Abortion, 
according  to  whether  the  woman  be  1  quick  with  child'  or  not ;  and  in 
delaying  execution  when  a  woman  can  be  proved  to  be  so,  though  it  is 
made  to  proceed  if  she  is  not,  even  if  she  be  unquestionably  pregnant. 
Whether  or  not  the  first  sensible  motions  of  the  foetus  are  the  cause  of  the 
peculiar  feeling  in  question,  there  can  be  no  doubt  that  the  embryo  has 
as  much  independent  vitality  before,  as  after,  the  quickening.  From 
the  time  that  the  ovum  quits  the  ovary,  it  ceases  to  be  a  part  of  the 
parent,  and  is  dependent  on  her  only  for  a  due  supply  of  nourishment, 
which  it  converts  by  its  own  inherent  powers,  into  its  proper  fabric.  But 
this  dependence  cannot  be  said  to  cease  at  the  moment  of  quickening  :  for 
the  connection  must  be  prolonged  during  several  weeks,  before  the  foetus 
becomes  capable  of  sustaining  life  without  such  assistance.  The  earliest 
period  at  which  this  may  occur,  will  be  presently  considered  (§772). 

768.  At  the  conclusion  of  about  forty  weeks,  or  (less  correctly)  nine 
solar  months,*  from  the  period  of  conception,  the  time  of  Parturition 

*  Although  '  nine  months'  is  usually  spoken-of  as  the  term  of  Gestation,  yet  the 
real  term  of  forty  weeks  exceeds  this  by  from  five  to  seven  days,  according  to  tn 
months  included.  The  mode  of  reckoning  customary  among  women,  is  to  date  from 
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arrives.  In  this  act,  the  muscular  walls  of  the  Uterus  are  primarily- 
concerned  ;  for  a  kind  of  peristaltic  contraction  takes-place  in  them,  the 
tendency  of  which  is  to  press  the  contents  of  the  cavity  from  the  fundus 
towards  the  os  uteri,  and  finally  to  expel  them ;  and  this  contraction  is 
alone  sufficient  to  empty  the  uterus,  when  no  impediment  is  presented  to 
the  exit  of  the  foetus,  as  we  see  in  the  occasional  occurrence  of  post- 
mortem parturition.  It  is,  in  fact,  in  the  contraction  of  the  fibres  of  the 
fundus  and  body  of  the  uterus,  and  in  a  relaxation  of  those  about  the 
cervix  (which  relaxation  is  something  quite  different  from  a  mere  yield- 
ing to  pressure,  and  is  obviously  a  vital  phenomenon  that  marks  a  pecu- 
liarity in  the  actions  of  this  part),  that  the  first  stage  of  an  ordinary 
labour  essentially  consists.*  There  is  no  proof  whatever  that  these 
changes  are  dependent  upon  nervous  influence ;  in  fact,  there  is  much 
evidence  that  the  parturient  action  of  the  uterus  is  not  the  result  (as 
some  have  maintained  it  to  be)  of  a  'reflex'  action  of  the  Spinal  Cord, 
but  is  due  to  its  inherent  contractility ;  for  numerous  instances  have 
occurred  in  which  normal  parturition  has  taken-place,  notwithstanding 
the  destruction  of  the  lower  part  of  the  Cord,  or  the  existence  of  a  state 
of  complete  paraplegia  which  marked  its  functional  inactivity  ;  and  the 
continuance  of  the  peristaltic  action  for  some  time  after  somatic  death, 
when  neither  the  Cerebro- spinal  nor  the  Sympathetic  system  can  afford 
any  supply  of  nervous  power,  is  a  yet  more  satisfactory  proof  of  the 
same  position. — Nevertheless,  it  seems  quite  certain  that  muscular  con- 
tractions of  the  Uterus  may  be  induced  by  reflex  action ;  for  in  no  other 
way  can  we  account  for  numerous  phenomena,  which  distinctly  mark 
the  operation  of  remote  causes  acting  through  the  nervous  system ;  such 
as  the  induction  of  uterine  contractions  by  the  dash  of  cold  water  on  the 
abdominal  surface,  by  the  injection  of  cold  water  into  the  vagina,  by  the 
ingestion  of  cold  water  into  the  stomach,  or  even  by  dipping  the  hand 
into  cold  water,  or  again  by  the  suctorial  application  of  the  infant's  lips 
to  the  nipple,  by  the  introduction  of  the  hand  into  the  vagina,  by  violent 
movements  of  other  parts  of  the  body,  and  by  various  other  means. 
This  general  fact  has  an  important  practical  bearing ;  since  there  are 
various  occasions  on  which  it  is  most  important  to  life  that  the  pre- 
viously-flaccid uterus  should  be  excited  to  vigorous  contraction,  for  the 
sake  of  accelerating  parturition  or  of  suppressing  haemorrhage ;  whilst, 
on  the  other  hand,  it  is  often  no  less  important  to  be  able  to  prevent  or 
to  antagonize  the  operation  of  causes  which  would  prematurely  induce 
uterine  contractions,  to  the  destruction  of  the  offspring  and  the  danger  of 
the  mother. 

769.  When,  in  the  normal  act  of  Parturition,  the  head  has  so  far  made 
its  way  through  the  os  uteri  as  to  begin  to  distend  the  lower  part  of  the 

middle  of  the  month  after  the  last  appearance  of  the  Catamenia :  but  it  is  certain 
fat  Conception  is  much  more  likely  to  take  place  soon  afterthey  have  ceased  to 
flow,  or  even  just  before  their  access,  than  in  the  intervening  period  (§  749) ;  so  that, 
in  moat  instances,  it  would  be  most  correct  to  expect  labour  at  forty  weeks  and  a  lew 
days  after  the  last  recurrence  of  the  Menses.— The  period  of  Quickening  may  be 
relied-on  in  some  women,  in  whom  it  occurs  with  great  regularity  in  a  certain  week 
of  pregnancy  ;  but  in  general  there  is  great  latitude  as  to  the  time  of  its  occurrence, 
ihe  usual  or  average  time  seems  to  be  about  the  18th  week  of  gestation  # 
„  *  See  a  paper  corroborating  this  statement,  by  Arthur  Scott  Dunkin,  M.D.,  in 
Winb.  Med.  Journal,"  vol.  ii.  1863,  p.  523. 
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genital  canal,  a  new  kind  of  expulsive  effort  is  superadded  to  that  of  the 
Uterus  itself ;  the  assistance  of  the  Expiratory  muscles  being  then  called 
in  (§  509),  through  the  intermediation  of  the  Spinal  Cord,  which  is  pro- 
bably excited  to  this  action  by  the  stimulus  thus  applied  to  the  afferent 
nerves  of  the  compressed  parts ;  and  it  is  chiefly  by  the  instrumentality 
of  these  muscles  that  the  normal  act  of  parturition  is  usually  completed. 
The  same  action  which  expels  the  foetus,  generally  also  detaches  the 
placenta ;  and  if  the  uterus  contract  with  sufficient  force  after  this  has 
been  thrown-off,  the  orifices  of  the  vessels  which  communicate  with  it 
are  so  effectually  closed,  that  little  or  no  haemorrhage  takes-place.  If, 
however,  the  uterus  does  not  contract,  or  relaxes  after  having  contracted, 
a  large  amount  of  blood  may  be  lost  in  a  short  time  from  the  open  orifices. 
For  some  little  time  after  parturition,  a  sero-sanguineous  discharge, 
termed  the  lochia,  is  poured-out  from  the  uterus  ;  and  this  commorjly 
contains  shreds  of  the  deciduous  membrane  which  had  not  been  pre- 
viously detached,  together  with  a  quantity  of  fat-globules,  and  other  pro- 
ducts of  disintegration  of  the  uterine  tissue  (§  351).*  Within  a  few 
Avceks  after  deli-very,  the  uterus  regains  (at  least  in  a  healthy  subject)  its 
previous  condition ;  part  of  its  newly-generated  muscular  fibres  seem  to 
disappear  altogether,  whilst  the  others  shrink  to  their  ordinary  dimensions; 
and  the  portion  of  its  mucous  membrane  which  had  been  thrown-off 
as  Decidua,  seems  to  be  to  some  extent  reproduced,  according  to  the 
researches  of  Dr.  Matthews  Duncan  and  M.  Eobin,  even  before  delivery 
occurs,  so  that  the  muscular  tissue  of  the  Uterus  is  never  left  completely 
denuded. f 

770.  As  to  the  reason  why  the  period  of  Parturition  should  be  just 
forty  weeks  after  the  occurrence  of  Conception,  we  know  nothing  more 
than  we  do  of  that  of  similar  periodical  phenomena  in  the  history  of  the 
life  of  Man  and  of  other  living  beings ;  all  of  which  must  be  considered 
as  occasional  manifestations  of  changes  that  are  constantly  in  progress, 
whose  rate,  being  dependent  upon  the  degree  of  Heat  supplied,  is  so 
uniform  in  warm-blooded  animals,  as  to  secure  a  very  close  conformity  to 
a  common  standard.  J  There  is  evidence  that  the  occurrence  of  the  uterine 
nisus  may  be  induced  by  a  variety  of  causes,  several  of  which  probably 
concur  in  the  normal  act  of  Parturition.  For,  in  the  first  place,  the  state 
of  development  of  the  muscular  substance  of  the  Uterus  can  scarcely  be 
without  a  considerable  influence  on  this  operation.  We  see  it  undergoing 
a  gradual  augmentation  during  the  period  of  pregnancy,  without  any 

*  In  addition  to  the  evidence  above  referred- to,  of  the  rapid  occurrence  of  fatty  de- 
generation of  the  uterine  structure  after  parturition,  the  Author  may  mention  that  no 
Eas  boon  informed  by  Dr.  Ketzius  (Professor  of  Midwifery  at  Stockholm)  that  be  has 
detected  a  large  number  of  fat-globules  id  the  urine  of  puerperal  women.  Is  it  n0 
possible — it  may  be  further  asked — that  some  of  the  oleaginous  matter  so  copious  y 
poured-forth  by  the  Mammary  glands,  may  be  derived  from  this  source?  Such  an 
economy  of  nutrient  material  would  be  consistent  with  what  we  elsewhere  meet-wn  \  , 
and  the  idea  is  conformable  to  the  fact,  that  the  proportion  of  butyrine  in  the  milt  i 
much  greater  in  the  earlier,  than  in  the  later  months  of  lactation. 

t  See  Huxley's  "Elements  of  Comp.  Anatomy,"  1864,  p.  107.  .  . 

t  This  may  be  best  illustrated  by  the  analogy  of  a  Loyden  jar  which  is  bcin^ 
charged  by  the  continuous  action  of  an  Electrical  Machine,  and  which  is  so  arranS 
as  to  discharge  itself  spontaneously  whenever  the  disturbance  in  its  equilibrium  arj? 
a  certain  intensity.   If  the  movement  of  the  machine  be  uniform,  and  other  conam 
remain  the  same,  the  discharge  will  take-place  at  regular  intervals. 
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demand  being  made  upon  its  functional  activity  ;  it  gradually  becomes 
more  and  more  irritable,  contractions  being  far  more  readily  excited  in  it 
by  electrical  or  other  stimulation,  in  the  later  than  in  the  earlier  months 
of  pregnancy  ;  and  at  last  this  irritability  seems  to  reach  its  acme,  in 
virtue  of  the  nutritive  changes  which  have  been  progressively  taking 
place  in  it,  and  to  discharge  itself  in  one  powerful  effort.  Certain 
preparatory  changes  are  known  to  be  taking-place  in  the  Uterus  itself, 
during  the  last  two  or  three  weeks  of  gestation ;  for  its  upper  part 
contracts  more  closely  around  its  contents,  as  if  it  were  bracing  itself  up 
for  the  coming  encounter ;  Avhilst  there  is  a  greater  disposition  to  relaxa- 
tion of  its  lower  part,  as  also  in  the  soft  parts  surrounding  the  orifice  of 
the  pelvis,  so  that  the  whole  mass  descends.  It  is  well  known  that  there 
is  far  less  aptitude  for  dilatation  in  the  os  uteri  before  this  change  has 
taken-place ;  so  that  premature  labours  are  frequently  rendered  very  diffi- 
cult and  tedious  by  the  resistance  which  the  foetus  encounters  from  the 
soft  parts,  notwithstanding  that  its  smaller  size  enables  it  to  pass  more 
readily  through  the  pelvic  canal. — That  the  parturient  effort,  however, 
is  not  solely  dependent  upon  the  state  of  development  of  the  uterus, 
appears  from  several  considerations :  and,  in  the  first  place,  from  the  very 
curious  fact  that,  in  cases  of  extra-uterine  foetation,  contractions  resem- 
bling those  of  labour  take-place  in  its  walls.  In  fact,  what  may  be 
termed  the  maturation  not  merely  of  the  Uterus,  but  also  of  its  Em- 
bryonic contents, — a  condition  analogous  to  that  which  precedes  the 
dropping  of  ripe  fruit,  and  which  is  acquired  by  the  completion  of  the 
developmental  process, — appears  to  have  more  influence  in  determining 
the  normal  parturient  effort,  than  any  other  cause  which  can  be  assigned. 
The  Placenta  of  the  fully-developed  foetus,  indeed,  is  somewhat  in  the 
condition  of  the  footstalk  of  a  ripening  fruit ;  that  is,  having  attained  its 
full  evolution  as  an  organ  of  temporary  function,  its  connection  tends  to 
become  dissevered  in  virtue  of  the  further  changes  which  take-place  in 
itself,  quite  irrespectively  of  any  external  agency.*  This  is  very  strikingly 
evinced  by  the  fact,  that  when  the  uterus  contains  two  foetuses,  and  one 
of  them  is  expelled, — either  in  consequence  of  impeded  development  or 
disease  in  itself,  or  because  it  has  attained  its  own  full  term  of  develop- 
ment (as  in  cases  of  superfoetation,  §  774), — the  other,  if  its  development 
at  this  period  is  far  from  complete,  is  often  retained,  and  goes-on  to  its 
full  term,  its  placenta  not  being  detached  in  the  first  parturient  effort, 
because  it  was  not  then  prepared  for  the  separation.  It  is  obvious  that 
this  view  affords  a  rational  explanation  of  the  occurrence  of  uterine 
action  in  cases  of  extra-uterine  foetation ;  for,  if  the  condition  of  the 
placental  attachment  furnish  its  exciting  cause,  it  will  do  so  equally, 
whether  the  placenta  be  attached  to  the  lining  of  the  uterus,  or  to  that  of 
the  Fallopian  tube,  or  to  any  other  organ.  It  is  an  additional  indication 
that  the  immediate  stimulus  to  the  parturient  effort  of  the  uterus  is  given 
by  some  change  in  the  condition  of  its  foetal  connections,  that  the  term  of 
gestation  seems  capable  of  being  prolonged  by  peculiarities  in  the  con- 

*  Such  a  change  may  bo  easily  verified  in  the  Placenta  of  many  of  the  lower 
animals,  such  as  the  Cat,  in  which  the  fcetal  and  maternal  portions  remain  more  dis- 
tinct from  each  other,  than  they  do  in  the  Human  female  ;  for  these  become  far  more 
easily  separable  as  the  period  of  parturition  draws  near,  than  they  are  at  any  previous 
time. 
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stitution  or  rate  of  development  of  the  foetus,  which  are  derived  from  the 
male  parent ;  for  it  was  ascertained  by  the  late  Earl  Spencer,*  that  of  75 
cows  in  calf  by  a  particular  bull,  the  average  period  was  288^  days, 
instead  of  280 ;  none  of  these  having  gone  less  than  281  days,  and  two- 
fifths  of  them  having  exceeded  289  days.f 

771.  Various  states  of  the  constitution,  especially  that  which  is  desig- 
nated as  '  irritability,'  may  induce  the  occurrence  of  the  parturient  effort 
at  an  earlier  period  ;  and  this  constitutes  Premature  Delivery,  or  Abor- 
tion, according  as  the  child  is  or  is  not  viable  (§  772).  There  are  some 
women  in  whom  this  regularly  happens  at  a  certain  month,  so  that  it 
seems  to  be  an  action  natural  to  them ;  but  it  should  always  be  prevented, 
if  possible,  being  injurious  alike  to  the  mother  and  to  the  child ;  and  this 
prevention  is  to  be  attempted  by  rest,  and  tranquillity  of  mind  and  body, 
and  by  a  careful  avoidance  of  all  the  exciting  causes  which  may  produce 
uterine  contractions  by  their  operation  on  the  Nervous  system  (§  7  68). 
Among  the  causes  of  Abortion,  however,  the  death  of  the  foetus,  or  an 
abnormal  state  of  the  placental  structure,  is  one  of  the  most  common ;  and 
thus  we  have  another  very  distinct  proof  of  the  influence  which  the  state 
of  the.  contents  of  the  uterus  has  on  the  induction  of  the  parturient  effort. 

772.  The  question  of  the  extreme  limits  of  the  period  of  Gestation,  is 
one  of  great  importance  both  to  the  Practitioner  and  to  the  MedicalJurist. 
— In  regard  to  the  shortest  period  at  which  Gestation  may  terminate, 
consistently  with  the  viability  of  the  Child,  there  is  still  a  great  degree  of 
uncertainty.  Most  practitioners  are  of  opinion  that  it  is  next  to  impos- 
sible for  a  foetus  to  five  and  grow  to  maturity,  which  has  not  nearly  com- 
pleted its  seventh  month  ;  but  it  is  unquestionable  that  infants  born  at  a 
much  earlier  period  have  lived  for  some  months,  or  even  to  adult  age.  It 
is  rare  in  such  cases,  however,  that  the  date  of  conception  can  be  fixed 
with  sufficient  precision  to  enable  a  definite  statement  to  be  given.  Of 
the  importance  of  the  question,  a  case  which  sometime  since  occurred  in 
Scotland  affords  sufficient  proof.  A  vast  amount  of  contradictory  evidence 
was  adduced  on  this  trial ;  but,  on  the  general  rule  of  accepting  positive 

*  See  Dr.  J.  C.  Hall,  in  "  Medical  Gazette,"  May  6,  1842. 
f  The  very  ingenious  doctrine  has  been  propounded  by  Dr.  Tyler  Smith  ("  Partu- 
rition, and  the  Principles  and  Practice  of  Obstetrics,"  London,  1849),  that  the  exciting 
cause  of  parturition  is  to  be  found  in  the  recurrence  of  the  periodical  excitement  ot 
the  ovary,  acting  by  reflexion  on  the  uterus  through  the  spinal  system  of  nerves,  the 
ovarian  nerves  being  the  excitors,  and  the  uterine  the  motors:  this  excitement  con- 
tinuing during  the  entire  period  of  gestation,  and  giving  a  special  tendency  to  abortion 
at  each  return ;  and  acting  with  such  potency  at  the  eleventh  recurrence,  as  then  to 
induce  the  parturient  effort.     He  assigns  no  other  cause,  however,  why  this  eleventh 
recurrence  should  be  so  much  more  effectual  than  the  rest,  than  that  by  this  time 
there  is  a  much  greater  aptitude  to  contraction  in  the  uterus  itself,  and  an  increa^,e 
readiness  to  be  thrown-off  on  the  part  of  the  placenta,— conditions  which  seem  to  tee 
Author  to  be  in  themselves  adequate  to  account  for  the  result.    Dr.  Tyler  bifflUM 
hypothesis  is  distinctly  negatived  by  the  following  facts  :— 1.  The  period  ot  Sesta"°?' 
although  commonly  a  multiple  of  the  menstrual  interval,  is  by  no  means  consm^Ji 
so ;  the  former  often  remaining  normal,  when  the  latter  is  shorter  or  longer 
usual.    2.  Parturient  efforts  take-place  in  the  uterus,  notwithstanding^  the  PreY 
removal  of  the  lower  part  of  the  spinal  cord.  3.  The  removal  of  the  ovaries  in  ™e™\ 
part  of  gestation  does  not  interpose  the  least  check  to  the  parturient  action,  as i  • 
Simpson  of  Edinburgh  lias  experimentally  ascertained.— The  Author  considers  m  » 
fully  justified,  therefore,  in  asserting  that  this  hypothesis  does  not  possess  the  any 
claim  to  be  entertained  as  even  a  possible  one  ;  and  would  refer,  for  a  more 
examination  of  it,  to  the  "  Brit,  and  For.  Med.  Chir.  Review,"  vol.  iv.  p.  1. 
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i  preference  to  negative  testimony,  it  seems  that  we  ought  to  consider  it 
ossible  that  a  child  may  live  for  some  months,  which  has  been  born  at 
ie  conclusion  of  24  weeks  of  gestation.  In  the  case  in  question,  the 
resbytery  decided  in  favour  of  the  legitimacy  of  an  infant  born  alive 
ithin  25  weeks  after  marriage.*  A  very  interesting  case  is  on  record,! 
>  winch  the  mother  (who  had  borne  five  children)  was  confident  that  her 
3riod  of  gestation  was  less  than  19  weeks ;  the  facts  stated  respecting  the 
3velopment  of  the  child  are  necessarily  very  imperfect,  as  it  was  impor- 
•nt  to  avoid  exposing  his  body,  in  order  that  his  temperature  might  be 
ipt-up  ;  but  three  weeks  after  his  birth,  he  was  only  13  inches  in  length, 
id  his  weight  was  no  more  than  29  oz.  At  that  time,  according  to  the 
Imitation  of  the  mother,  he  might  be  regarded  as  corresponding  with  an 
fant  of  22  weeks  or  5  months ;  but  the  length  and  weight  were  greater 
an  is  usual  at  that  period,  indicating  that  he  was  probably  born  at 
out  the  25th  week.  It  is  an  interesting  feature  in  this  case,  that  the 
lorific  power  of  the  infant  was  so  low,  that  artificial  heat  was  constantly 
eded  to  sustain  it;  but  that  under  the  influence  of  heat  of  the  fire  he 
adently  became  weaker,  whilst  the  warmth  of  a  person  in  bed  rendered 
.  n  lively  and  comparatively  strong.  During  the  first  week  it  was  ex- 
fa  mely  difficult  to  get  him  to  swallow ;  and  it  was  nearly  a  month  before 
i  could  suck.  At  the  time  of  the  report,  he  was  four  months  old,  and 
|]  health  appeared  very  good. — Another  case  of  very  early  viability  has 
tea  more  recently  put  on  record  by  Mr.  Dodd  :J  in  this,  as  in  the  former 
i;tance,the  determination  of  the  child's  age  rests  chiefly  on  the  opinion 
I  he  mother  ;  but  there  appears  no  reason  for  suspecting  any  fallacy. 
I  e  child  seems  to  have  been  born  at  the  26th  or  27th  week  of  gesta- 
1  t ;  and  having  been  placed  under  judicious  management,  it  has  thriven 
LL — One  of  the  most  satisfactory  cases  on  record,  is  that  detailed  by 
fc  Outrepont§  (Professor  of  Obstetrics  at  Wurtzburg),  and  stated  by 
I  Christison  in  his  evidence  on  the  case  first  alluded-to.  The  evidence 
1 3  complete  as  it  is  possible  to  be  in  any  case  of  the  kind  ;  being  de- 
I  id  not  only  from  the  date  assigned  by  the  mother  to  her  conception, 

also  from  the  structure  and  history  of  the  child.  The  gestation 
I  Id  have  lasted  only  27  weeks,  and  was  very  probably  less.  The 
I  ;th  of  the  child  was  13^  inches,  and  its  weight  was  24  oz.    Its  de- 

'pment  was  altogether  slow ;  and  at  the  age  of  eleven  years,  the  child 

led  no  more  advanced  in  body  or  mind,  than  most  other  boys  of 
|  n  years  old.  In  this  last  point,  there  is  a  very  striking  corre- 
\  idence  with  the  results  of  other  observations   upon  premature 

lren,  made  at  an  earlier  age. — A  very  remarkable  case  has  been 
I  3  put  on  record  by  Dr.  Barker  of  Dumfries, [|  in  which  the  child  is 
timed  to  have  been  born  on  the  158th  day  of  gestation,  or  in  the 
vj  He  of  the  twenty -third  week  after  intercourse.    Its  size,  weight,  and 
I  e  of  development  were  conformable  to  the  asserted  period :  for  it 
jjl  hed  only  16  oz.,  and  measured  11  inches ;  it  had  only  rudimentary 

,  and  scarcely  any  hair  except  a  little  of  reddish  colour  on  the  back 

I f  "Report  of  Proceedings  against  the  Rev.  Fergus  Jardine,"  Edinburgh,  1839. 

I  '  "  Edinb.  Med.  and  Surg.  Journal,"  vol.  xi. 

I  !  "Provincial  Medical  and  Surgical  Journal,"  vol.  ii.  p.  474. 

Henke's  "  Zeitschrift,"  Bd.  vi. 

"Medical  Times,"  Sept.  7  and  Oct.  If,  1850. 
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of  the  head ;  the  eyelids  were  closed,  and  did  not  open  until  the  second 
day  ;  the  skin  was  shrivelled.  When  born  it  was  wrapped  up  in  a  box 
and  placed  before  the  fire.  The  child  did  not  suck  properly  until  after 
the  lapse  of  a  month,  and  did  not  walk  until  she  was  nineteen  months 
old.  Three  years  and  a  half  afterwards  this  child  was  in  a  thriving 
state,  and  very  healthy,  but  of  small  make;  she  then  weighed 
291  lbs. 

773.  A  like  uncertainty  exists  with  regard  to  the  degree  of  protraction 
of  which  the  ordinary  duration  of  Gestation  is  capable. — Many  obstetric 
practitioners,  whose  experience  should  give  much  weight  to  their  opinion, 
maintain  that  the  regular  period  of  40  weeks  is  never  extended  by  more 
than  two  or  three  days ;  whilst,  on  the  other  hand,  there  are  numerous 
cases  on  record,  which,  if  testimony  is  to  be  believed  at  all  (and  in  many 
of  these,  the  character  and  circumstances  of  the  parties  place  them  above 
suspicion),  furnish  ample  evidence,  that  Gestation  may  be  prolonged  for 
at  least  three  weeks  beyond  the  regular  term.*  In  one  case,  indeed, 
recorded  by  Liegard,f  pregnancy  was  believed  to  have  lasted  330  days. 
The  English  law  fixes  no  precise  limit ;  and  the  decisions  which  have 
been  given  in  our  courts,  when  questions  of  this  kind  have  been  raised, 
have  been  mostly  formed  upon  the  collateral  circumstances.  The  law  of 
France  provides  that  the  legitimacy  of  a  child  born  within  300  days 
after  the  death  or  departure  of  the  husband  shall  not  be  questioned; 
and  a  child  born  after  more  than  300  days  is  not  declared  a  bastard,  but 
its  legitimacy  may  be  contested.  By  the  Scotch  law,  a  child  is  not  de- 
clared a  bastard,  unless  born  after  the  tenth  month  from  the  death  or 
departure  of  the  husband. — Very  important  evidence  on  this  subject  is 
afforded  by  investigations  on  the  lower  animals,  which  are  free  from  many 
sources  of  fallacy  that  attend  human  testimony.  The  observations  of 
Tessier,  which  were  continued  during  a  period  of  forty  years,  with  every 
precaution  against  inaccuracy,  have  furnished  a  body  of  results  which 
seems  quite  decisive.  In  the  Cow,  the  ordinary  period  of  gestation  is 
about  the  same  as  in  the  Human  female  ;  but  out  of  577  individuals,  no 
less  than  20  calved  beyond  the  298th  day,  and  of  these,  some  went-on 
to  the  321st,  making  an  excess  of  nearly  six  weeks,  or  about  one- 
seventh  of  the  entire  period.  Of  447  Mares,  whose  natural  period  of 
gestation  is  about  335  days,  42  foaled  between  the  359th  and  the  419th 
days,  the  greatest  protraction  being  thus  84  days,  or  just  one-fourth  of 
the  usual  term.  Of  912  Sheep,  whose  natural  period  is  about  151  days, 
96  yeaned  beyond  the  153rd  day ;  and  of  these,  7  went-on  until  the 
157th  day,  making  an  excess  of  6  days.  Of  161  Rabbits,  whose  natural 
period  is  about  30  days,  no  fewer  than  25  Uttered  between  the  32nd  and 
the  35th  ;  the  greatest  protraction  was  here  one-sixth  of  the  whole  period, 
and  the  proportion  in  which  there  was  a  manifest  prolongation  was  also 
nearly  one-sixth  of  the  total  number  of  individuals.  In  the  incubation  | 
of  the  common  Hen,  the  duration  of  which  must  be  entirely  determine 
by  the  rate  of  embryonic  development,  Tessier  found  that  there  was  no 
unfrequently  a  prolongation  to  the  amount  of  three  days,  or  on^ven 
of  the  whole  period. — In  regard  to  Cows,  the  observations  of  less 

*  A  good  collection  of  such  cases  will  he  found  in  Dr.  Montgomery's  . 
work  on  the  "  Signs  of  Pregnancy,"  and  in  Dr.  A.  Taylor's  "  Medical  Junspruae 

t  "  Gaz.  dcs  Hopitaux,"  1859. 
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have  been  confirmed  by  those  of  Earl  Spencer,  who  has  published*  a 
■able  of  the  period  of  gestation  as  observed  in  764  individuals ;  he  con- 
fers the  average  period  to  be  284  or  285  days;  but  no  fewer  than  310 
calved  after  the  285th  day ;  and  of  these,  3  went-on  to  the  306th  day, 
md  1  to  the  313th.  It  is  curious  that  among  the  calves  born  between 
;he  290th  and  300th  days,  there  was  a  decided  preponderance  of  males, 
--these  being  74,  to  32  females ;  whilst  all  of  those  born  after  the  300th 
lay  were  females.  The  additional  series  of  observations  subsequently 
nade  by  Earl  Spencer,  in  regard  to  the  constant  protraction  of  the  period 
n  75  cows  in  calf  by  a  particular  bull,  has  been  already  noticed  (§  770). 
—Another  series  of  observations  has  been  published  by  Mr.  C.  N. 
3ement  of  Albany,  U.S.,j"  who  has  recorded  the  period  of  gestation  of 

12  cows.  The  longest  period  was  336  days;  the  shortest,  213  days. 
Che  average  period  for  male  calves  was  288  days ;  and  for  females  282 
ays. — On  the  whole  it  may  be  considered,  that  in  regard  to  the  Human 
araale,  the  French  law  is  a  very  reasonable  one ;  there  being  quite  sufE- 
ient  analogical  evidence  to  support  the  assertions  of  females  of  good 
haracter,  having  no  motive  to  deceive,  which  lead  to  the  conclusion  that 

protraction  of  at  least  four  weeks  is  quite  possible,  and  that  a  protrac- 
.on  of  six  weeks  is  scarcely  to  be  denied.^ 

774.  There  is  another  question  regarding  the  function  of  the  Female 
i  the  Reproductive  act,  which  is  of  great  interest  in  a  scientific  point  of 
iew,  and  which  may  become  of  importance  in  Juridical  inquiries ; 
imely,  the  possibility  of  Superfostation,  that  is,  of  two  distinct  concep- 
ons  at  an  interval  of  greater  or  less  duration  ;  so  that  two  foetuses  of 
fferent  ages,  the  offspring  perhaps  of  different  parents,  may  exist  in  the 
torus  at  the  same  time. — The  simplest  case  of  Superfcetation,  the  fre- 
uent  occurrence  of  which  places  it  beyond  reasonable  doubt,  is  that  in 
hich  a  female  has  intercourse  on  the  same  day  with  two  males  of  diffe- 
|  :nt  complexions,  and  bears  twins  at  the  full  time ;  the  two  infants 
Lsembling  the  two  parents  respectively.    Thus,  in  the  slave-states  of 
|:  merica,  it  is  not  uncommon  for  a  black  woman  to  bear  at  the  same  time 
liblack  and  a  mulatto  child ;  the  former  being  the  offspring  of  her  black 
■sisband,  and  the  latter  of  her  white  paramour.    The  converse  has  occa- 
Itonally,  though  less  frequently,  occurred  :  a  white  woman  bearing  at  the 
I  me  time  a  white  and  a  mulatto  child.    There  is  no  difficulty  in  account- 
I  g  for  such  facts,  when  it  is  remembered  that  nothing  has  occurred  to 
I  event  the  uterus  and  ovaria  from  being  as  ready  for  the  second  concep- 
I  )n  as  for  the  first ;  since  the  orifice  of  the  former  is  not  yet  closed  up  ; 
I  d,  at  the  time  when  one  ovum  is  matured  for  fecundation,  there  are 
I  ually  more  in  nearly  the  same  condition. — But  it  is  not  easy  thus  to 
I  count  for  the  birth  of  two  children,  each  apparently  mature,  at  an  in- 
I  wal  of  five  or  six  months  ;  since  it  might  have  been  supposed  that  the 
Irerus  was  so  completely  occupied  with  the  first  ovum,  as  not  to  allow 
the  transmission  of  the  seminal  fluid  necessary  for  the  fecundation  of 

1 3  second.    In  cases  where  two  children  have  been  produced  at  the 

*  "Journal  of  the  English  Agricultural  Society,"  1839. 
I  f  "  American  Journal  of  the  Medical  Sciences,"  October,  1845. 

!     Sc0  especially  two  cases,  183  and  184,  detailed  by  Dr.  Murphy  in  his  "  Report  of 
|  Obstetric  Practice  of  University  College  Hospital"  for  1844;  and  another  case 
t  ce  published  by  him  in  the  "  Medical  Gazette"  for  1849,  vol.  xlviii.  p.  683. 
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same  time,  one  of  which  was  fully-formed,  whilst  the  other  was  small 
and  seemingly  premature,  there  is  no  occasion  whatever  to  imagine  that 
the  two  were  conceived  at  different  periods  ;  since  the  smaller  foetus  may 
have  been  '  blighted,'  and  its  development  retarded,  as  not  unfrequently 
happens  in  other  cases.  Nor  is  it  necessary  to  infer  the  occurrence  of 
superfoetation  in  every  case  in  which  a  living  child  has  been  produced  a 
month  or  two  after  the  birth  of  another  ;  since  the  latter  may  have  been 
somewhat  premature,  whilst  the  former  has  been  carried  to  the  full  term. 
But  such  a  difference  can  scarcely  be,  at  the  most,  more  than  or  3 
months;*  and  there  are  several  cases  now  on  record,  in  which  the 
interval  was  from  110  to  170  days,  whilst  neither  of  the  children  pre- 
sented any  indication  of  being  otherwise  than  mature,  y 

775.  Whatever  be  the  precise  nature  and  history  of  the  Fecundating 
process,  there  can  be  no  doubt  that  the  properties  of  the  Germ  depend 
upon  conditions,  both  material  and  dynamical,  supplied  by  both  Parents. 
This  is  most  obviously  shown  by  the  fusion  of  the  characters  of  the 
parents,  which  is  exhibited  by  hybrids  between  distinct  species  or 
strongly-marked  varieties  among  the  lower  animals,  such  as  the  Horse 
and  Ass,  the  Lion  and  Tiger,  or  the  various  breeds  of  Dogs ;  or  in  the 
offspring  of  parents  belonging  to  two  strongly-contrasted  Eaces  of  Men, 
such  as  the  European  on  the  one  hand,  and  the  Negro  or  American  Indian 
on  the  other. — It  has  long  been  a  prevalent  idea  that  certain  parts  of  the 
organism  of  the  offspring'  are  derived  from  the  male,  and  certain  other 
parts  from  the  female  parent ;  and  although  no  universal  rule  can  be  laid 
down  upon  this  point,  yet  the  independent  observations  which  have  been 
made  by  numerous  practical  '  breeders'  of  domestic  animals  (both 
mammals  and  birds),  seem  to  establish  that  such  a  tendency  has  a  real 
existence;  the  characters  of  the  Animal  portion  of  the  fabric  being 
especially  (but  not  exclusively)  derived  from  the  male  parent,  and  those 
of  the  Organic  apparatus  being  in  like  manner  derived  from  the  female 
parent.    The  former  will  be  chiefly  manifested  in  the  external  appear- 
ance, in  the  general  configuration  of  the  head  and  limbs,  in  the  organs  oi 
the  senses  (including  the  skin),  and  in  the  locomotive  apparatus;  whilst 
the  latter  show  themselves  in  the  size  of  the  body  (which  is  primarily 
determined  by  the  development  of  the  viscera  contained  in  the  teunKj, 
and  in  the  mode  in  which  the  vital  functions  are  performed.    Thus  the 
mule,  which  is  the  produce  of  the  male  ass  and  the  mare,  is  essentially  a 
modified  ass,  having  the  general  configuration  of  its  sire  (slightly  ™ne^ 
by  equine  peculiarities),  but  having  the  rounder  trunk  and  larger  size i  o 
its  dam ;  on  the  other  hand,  the  hinny,  which  is  the  offspring  oi 
stallion  and  the  she-ass,  is  essentially  a  modified  horse,  having  the  Sene 
configuration  of  the  horse  (though  with  a  slight  admixture  of  asm 
features),  but  being  a  much  smaller  animal  than  its  sire,  and 
proaching  its  dam  in  size,  as  well  as  in  the  comparative  narrowness  ^ 
trunk.    The  influence  of  the  female  on  the  general  '  const itutl°?>  . 
especially  on  the  fattening,  milking,  and  breeding  qualities  of  the  onsp  fa' 

of  the 


*  For  an  in 

two  foetuses  was 


teresting  case  of  superfoetation,  where  the  difference  in  the  | 
as  about  three  months,  see  a  Report  made  by  Drs.  mney 
to  the  Obstetrical  Society,  "  Lancet,"  vol.  ii.  1862.  Mpilical  Juris' 

t  See  the  Article  'Superfoetation,'  in  Dr.  Beck's  '  Elements oi Medical 
prudence,"  and  R.  B.  Sclinltze  in  the  "  Jenaische  Zeits.'  Band  u.         I  • 
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asserted  to  be  proved  by  the  history  of  several  races  of  sheep  and 
tie,  which  have  been  most  distinguished  in  these  respects.* — But  how- 
=ir  general  this  rule  may  prove  to  be  as  regards  the  lower  animals,  it  is 
no  means  universal ;  for  instances  are  by  no  means  unfrequent,  in 
;ich  the  multiple  progeny  of  one  conception  divide  between  them  the 
iracters  of  the  parents  in  very  different  modes.    Thus,  in  a  case  in 
ich  a  Setter-bitch,  having  been  '  lined '  by  a  Pointer,  bore  three  pups, 
5  of  these  pups  seemed  exclusively  to  resemble  the  father,  appearing 
be  perfect  Pointers  in  configuration,  and  growing-up  with  the  habits 
;hat  race ;  whilst  the  third  seemed  equally  to  resemble  its  mother, 
ng  apparently  a  true  Setter  both  in  structure  and  instinct.    Yet  not- 
hstanding  this  apparent  restriction,  it  subsequently  appeared  that  the 
iter-pups  must  have  had  something  of  the  setter  in  their  constitution, 
the  setter-pup  something  of  the  pointer.    For  one  of  the  Pointer  - 
■  >s  (a  male)  having  been  matched  at  the  proper  age  with  a  Pointer  - 
h  of  pure  breed,  one  of  the  pups  borne  by  the  latter  was  a  true  setter, 
•stly  resembling  its  paternal  grandmother,  and  another  was  setter- 
.  ked ;  and  the  Setter-pup  (a  female)  having  been  lined  by  a  Setter-dog 
;>ure  breed,  there  were  among  its  litter  of  pups  two  pointers  resembling 
r  maternal  grandfather. — The  same  variety  presents  itself  to  even  a 
iter  degree  in  the  human  species.     For  in  almost  every  large  family 
I  sometimes  even  Avhere  there  are  no  more  than  two  children^),  it 
:  be  observed  that  the  likeness  to  the  father- predominates  in  some  of 
;  children,  and  the  resemblance  to  the  mother  in  others.    Still  it  is 
1 1  to  meet  with  instances  in  which  some  distinctive  traits  of  both  parents 
L:  not  be  traced  in  the  offspring ;  these  traits  often  showing  themselves 
L  ■eculiarities  of  manner  and  gesture,  in  tendencies  of  thought  or 
jag,  in  proneness  to  particular  constitutional  disorders,  &c,  even 
re  there  is  no  personal  resemblance,  and  where  there  has  been  no 
i  bility  that  these  peculiarities  should  have  been  gained  by  imitation. 

even  when  they  are  overborne,  as  it  were,  in  the  immediate  progeny, 
!  ie  stronger  influence  derived  from  the  other  side,  they  will  often 
-I- Dear  in  a  subsequent  generation  (as  in  the  case  just  cited),  con- 
I  ting  the  phenomenon  known  as  Atavism. 

i  6.  The  influence  of  both  Parents  on  the  constitution  of  the  Offspring 
3|  ikingly  manifested,  not  merely  in  the  admixture  of  their  characters 
dually  displayed  by  the  latter,  but  also  in  the  tendency  to  the  heredi- 

htransmission  of  perverted  modes  of  functional  activity  which  may 
been  habitual  to  either.  The  diseases  which  are  usually  considered 
rl  most  prone  thus  to  reappear  in  successive  generations,  are  Scrofula, 

1 ,  Syphilis,  and  Insanity  ;  but  it  can  scarcely  be  doubted  that  many 

ftliee  Walker  'On  Intermarriage;'  Orton  on  'The  Physiology  of  Breeding,'  in 
HI  Newcastle  Chronicle,"  March  10,  1854 ;  and  Dr.  Alex.  Harvey  'OntheKela- 
fil  ifluence  of  the  Male  and  Female  Parents  in  the  Keproduction  of  the  Animal 
Jt  s,'  in  "  Edinh.  Monthly  Journ.,"  Aug.  1854  ;  and  especially  Darwin  "  On  the 
tf  l  ion  of  Species  under  Domestication,"  1868. 

^  I  ne  of  the  most  remarkable  cases  of  this  kind  known  to  the  Author,  is  that  of 
M  sters,  who  seem  to  resemble  each  other  in  no  one  point  of  configuration  or 
in!  l  aracter  *'  Dllt  of  whom  one  bears  a  most  striking  resemblance,  both  in  person  and 
oil  ^eT  Filler ;  whilst  the  other  no  less  Btrikingly  resembles  her  Mother.  The 
jl  culiaritieg  which  at  all  indicate  their  relationship,  are  a  gouty  diathesis  which  they 
k  |  merit  from  their  father,  and  an  idiosyncrasy  in  regard  to  opium,  of  which  neither 
I  to  take  even  a  small  dose  (in  any  form  whatever)  without  violent  vomiting. 


862 


of  generation:  ACTION  of  the  female. 


others  might  be  added  to  this  list.*    The  predisposition  may  have  be 
congenital  on  the  part  of  the  parents,  or  it  may  have  been  acquired  b 
themselves ;  and  in  no  case  is  this  more  obvious,  than  in  the  influence 
Alcoholic  excesses  on  the  part  of  one  or  both  parents,  in  producin 
Idiocy,  a  predisposition  to  Insanity,  or  weakness  and  instability  of  Min 
in  the  children,  this  being  especially  the  case  where  both  parents  hav 
thus  transgressed.    Thus  out  of  359  Idiots,  the  condition  of  whose  pr 
genitors  could  be  ascertained,  it  was  found  that  no  fewer  than  99  we 
the  children  of  absolute  drunkards  ;  and  there  was  reason  to  believe  th 
a  large  proportion  of  the  parents  of  the  remainder  were  more  or  le 
intemperate,  only  about  a  quarter  of  the  whole  number  of  idiots  havin 
been  found  to  be  the  children  of  parents  who  were  known  to  be  te 
perate.f    And  it  is  perfectly  well  known  to  those  who  are  conversa 
Avith  Insanity,  that  of  all  the  '  predisposing  causes'  of  that  disorder,  habi 
of  intemperance  on  the  part  of  either  or  both  parents  are  among  the  mo 
frequent. — The  intensification  which-  almost  any  kind  of  perversion 
Nutrition  derives  from  being  common  to  both  parents,  is  most  remarkabl 
evinced  by  the  lamentable  results  which  too  frequently  accrue  from  th 
marriage  of  individuals  nearly  related  to  each  other,  and  partaking  of  tli 
same  '  taint.'    Such  results  must  have  fallen  within  the  knowledge 
almost  every  one  possessing  an  extended  field  of  observation ;  but  the 
are  brought-out  with  fearful  vividness  by  the  unerring  test  of  properly 
collected  Statistics.    For  out  of  the  359  idiots  just  referred-to,  17  werl 
known  to  have  been  the  children  of  parents  nearly  related  by  blood ;  anil 
this  relationship  was  suspected  to  have  existed  in  several  other  cases,  it 
which  positive  information  could  not  be  obtained.    On  examining  intJ 
the  history  of  the  17  families  to  which  these  individuals  belonged,  it  wal 
found  that  they  had  consisted,  in  all,  of  95  children ;  that  of  these  nj 
fewer  than  44  were  idiotic,  12  others  were  scrofulous  and  puny,  1  wal 
deaf,  and  1  was  a  dwarf.  In  some  of  these  families,  all  the  children  werj 
either  idiotic,  or  very  scrofulous  and  puny ;  in  one  family  of  8  children! 
5  were  idiotic. J — But  it  does  not  seem  requisite  for  the  production  o 
very  imperfect  offspring  from  the  intermarriage  of  near  relations,  thai 
any  decided  'taint'  should  exist  in  the  parents;  for  the  Author's  owij 
observations  and  inquiries  lead  him  to  conclude  that  the  same  dangej 
results  when  there  is  any  strong  personal  or  mental  '  idiosyncrasy,  suctf 
as  is  often  seen  to  run  through  the  members  (both  male  and  female)  oi  ;j 
particular  family,  causing  them  to  be  at  once  recognized  as  belongm;! 


*  See  the  very  interesting  and  suggestive  Chapter  'On  Hereditary  Disease,  in  bi 
H.  Holland's  "  Medical  Notes  and  Inflections."  „ 
t  See  Dr.  Howe's  "  Report  on  Idiocy  to  the  Legislature  of  Massachusetts,  18»- 
J  See  Dr.  Howe's  Report,  p.  90.   An  abstract  of  this  Report  is  given  in  m 
"  Amer.  Journ.  of  Med.  Sci.,"  April,  1849.— The  following  works  may  also  be  reiermj 
to  as  containing  information  upon  the  important  subject  of  the  effects  up ' 
offspring  of  marriages  of  consanguinity  :—M.  Boudin  in  the  "  Annates  d  txjgv  , 
vol.  xviii.  pp.  6-82,  who  observes  that  the  deaf-mutes  of  consanguineous  ""S''^ 
from  twelve  to  fifteen  times  as  numerous  as  they  would  be  if  the  lnnnnuy  ^  ^ 
equally  distributed  among  the  offspring  of  consanguinoous  and  othcrmarnage '  ]jeL 

?  Psychological  Medicine"  for  1857,  p.  368, 


Bemiss  in  the  "  Journal  of  Psychological  . 

facts  and  arguments  against  sucli  marriages  ;  Dr.  Mitchell  in  the 
Journ."  for  1862,  p.  872,  wlio  considers  idiocy  to  be  an  especially  dt0 th 

quence  of  the  marriage  of  blood-relations,  and  agrees  with  M.  Boudm  in  rog» 
frequency  of  deaf-mutism  in  the  offspring;  M.  Cadiot  in  the  "  Comptes  Bona 
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to  it,  by  those  who  have  been  familiar  with  other  members.*  This 
liability  probably  does  not  exist  to  nearly  the  same  degree,  where  the 
parents,  although  nearly  related,  differ  widely  in  physical  and  in 
psychical  characters,  through  the  predominance  of  elements  which  have 
been  introduced  by  their  non-related  parents ;  as,  for  example,  when  a 
man  strongly  resembles  his  father  rather  than  his  mother,  marries  the 
daughter  of  his  mother's  brother,  who,  on  her  part,  resembles  her  own 
nother  rather  than  her  father.  But  the  case  previously  cited  (§  775) 
nves  warning  that  even  here  the  '  family  idiosyncrasy '  may  exist  in  a 
Dowerfol  degree,  though  in  a  latent  form,  and  may  seriously  affect  the 
jonstitution  of  the  offspring.    It  is  quite  as  common  to  meet  with  Atavism 

n  the  transmission  of  hereditary  disease,  as  in  the  reproduction  of 

family  likeness.' 

777.  Attention  has  recently  been  directed  to  a  very  curious  class  of 
menomena,  which  show  that  where  the  mother  has  previously  borne  off- 
pring,  the  influence  of  its  father  may  be  impressed  on  her  progeny  after- 
.  vard3  begotten  by  a  different  parent :  as  in  the  well-known  case  of  the 
transmission  of  Quagga-marks  to  a  succession  of  colts,  both  whose  parents 
[  /ere  of  the  species  Horse,  the  mare  having  been  once  impregnated  by 
Quagga  male; "J"  and  in  the  not  unfrequent  occurrence  of  a  similar 
henomenon  in  the  Human  species,  as  when  a  widow  who  marries  a 
;.  econd  time,  bears  children  strongly  resembling  her  first  husband.  Some 
f  these  cases  appear  referable  to  the  strong  mental  impression  left  by  the 
p  rst  male  parent  upon  the  female  :  but  there  are  others  which  seem  to 
;nder  it  more  likely  that  the  blood  of  the  female  has  imbibed  from  that 
f  the  foetus,  through  the  placental  circulation,  some  of  the  attributes 
|  hich  the  latter  has  derived  from  its  male  parent ;  and  that  the  female 
j  lay  communicate  these,  with  those  proper  to  herself,  to  the  subsequent 
Fspring  of  a  different  male  parentage.^ — This  idea  i3  borne-out  by  a 
I  'eat  number  of  important  facts ;  and  it  serves  to  explain  the  circum- 
rance  well  known  to  practitioners,  that  secondary  syphilis  will  often 

[  »l  n.  1803,  p.  978 ;  M.  Angelon  in  idem,  vol.  i.  1864,  p.  166;  and  Dr.  E.  Dally  in 
I  «  "Anthropological  Review"  for  May,  186-4.    Amongst  the  Editor's  own  imme- 
1  ate  relations  there  have  been  five  marriages  between  first  cousins,  from  which  have 
I  oceeded  thirty  three  children  ;  of  these  eight  have  died,  one  from  teething,  two  from 
j  'Up,  and  <>-.<<;  froril  hooping-coagh  (all  injudiciously  fed),  one  from  accident,  one  from 
£  anosis,  and  two  from  well-marked  scrofulous  disease  ;  the  last  two  occurred  in  the 
I  me  family,  and  were  the  only  offspring  of  an  extremely  obese  father  and  a  highly 
I  rofulous  mother.    The  surviving  children  are  of  unusually  healthy  and  fine  growth. 
I  ie  Editor  therefore,  from  these  and  other  observations,  fully  accords  with  the  obser- 
J  tions  of  Dr.  G.  W.  Childs  in  the  "  Medico-Chir.  Review"  for  1862,  vol.  i.  p.  461, 
I  »o  in  criticizing  Dr.  Bemiss's  Essay,  remarks  that  the  marringes  of  blood-relations 
I  tve  no  tendency,  per  se,  to  produce  degeneration  of  race,  though  they  have  a  ten- 
I  ncy  to  strengthen  and  develope  in  the  offspring  individual  peculiarities  of  the 
1  rents,  both  mental  and  physical,  whether  morbid  or  otherwise. 
I  *  A  most  lamentable  instance  of  this  kind,  which  happened  some  years  ago  in  a 
j  nily  well  known  to  the  Author,  was  the  occasion  of  his  first  directing  his  attention 
I  ;cially  to  this  point.    Two  first-cousins,  possessing  a  strong  '  family  idiosyncrasy,' 
I  t  no  definite  'taint,'  having  married,  four  children  were  born,  each  of  which  was 
I  tmguished  by  some  marked  defect  of  organization  or  perversion  of  function ;  one 
I  "8  deaf  and  dumb,  another  scrofulous,  a  third  idiotic,  and  a  fourth  epileptic. 
I  T  "rhilosophicalTransactions,"  1821.  _ 

Pi See  an  interesting  discussion  of  this  question,  by  Dr.  Alex.  Harvey,  in  the 
I  •amb.  Monthly  Journ.,"  Oct.  1849,  and  Oct.  and  Nov.  1850  ;  and  in  his  pamphlet 
■       Remarkable  Effect  of  Cross-breeding,"  Edinb.,  1851. 
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appear  in  a  female  during  gestation  or  after  parturition,  who  has  never 
had  primary  symptoms,  whilst  the  father  of  the  child  shows  no  recent 
syphilitic  disorder.  For  if  he  have  communicated  a  syphilitic  taint  to  the 
fcetus,  the  mother  may  become  inoculated  with  it  through  her  offspring, 
in  the  manner  just  described.  As  this  is  a  point  of  great  practical 
importance,  it  may  be  hoped  that  those  who  have  the  opportunity  of 
bringing  observation  to  bear  upon  it,  will  not  omit  to  do  so. 

778.  There  seems  good  reason  to  believe,  moreover,  that  the  attributes 
of  the  Germ  are  in  great  degree  dependent,  not  merely  upon  the  habitual 
conditions  of  the  Parents  which  have  furnished  its  original  components, 
but  even  upon  the  condition  in  which  those  parents  may  be  at  the  time 
of  sexual  congress.  Of  this  we  have  a  remarkable  proof  in  the  phenomenon 
Avell  known  to  breeders  of  animals,  that  a  strong  mental  impression  made 
upon  the  female  by  a  particular  male,  will  give  the  offspring  a  resemblance 
to  him,  even  though  she  has  had  no  sexual  intercourse  with  him  ;*  a 
circumstance  for  which  there  is  no  difficulty  in  accounting,  on  the  hypo- 
thesis already  put  forth  regarding  the  dynamical  relation  of  mental  states 
to  the  Organic  processes  (Chap.  xvn.).     And  there  is  no  improbability, 
therefore,  in  the  idea  that  the  offspring  of  parents  ordinarily  healthy  and 
temperate,  but  begotten  in  a  fit  of  intoxication  on  both  sides,  would  be 
likely  to  suffer  permanently  from  the  abrogation  of  the  reason,  which  they 
have  temporarily  brought  upon  themselves. f — On  the  whole,  then,  we 
seem  entitled  to  conclude,  that  the  attributes  of  the  embryo  will  be 
inlluenced  in  a  most  important  degree  by  the  entire  condition  (as  relates 
both  to  the  organic  and  the  psychical  fife)  of  both  parents  at  the  time  of 
the  sexual  congress ;  and  it  is  probably  on  account  of  the  perpetual 
changes  taking-place  in  the  bodily  and  mental  state  of  each  individual 
(his  condition  at  any  one  time  being  the  general  resultant  of  all  those 
changes),  that  we  almost  constantly  witness  marked  differences  between 
children  born  at  successive  intervals,  however  strong  may  be  the  '  family 
likeness '  among  them  ;  whilst  the  resemblance  between  twins  is  almost 
invariably  much  closer  .J 

779.  When  it  is  borne  in  mind  that  during  the  entire  period  of 
gestation,  the  Embryo  is  deriving  its  nutriment  exclusively  from  the 
blood  of  the  Mother,  and  that  the  condition  of  this  fluid  in  relation  to 
her  own  processes  of  Nutrition  and  Secretion,  is  subject  to  a  very  marked 
influence  from  her  own  mental  states  (Chap,  xvn.),  it  cannot  fairly  be 
thought  improbable,  that  the  developmental  processes  of  the  Embryo  should 
be  powerfully  affected  by  strong  Emotional  excitement  on  her  part. 
Among  the  facts  of  this  class,  there  is,  perhaps,  none  more  striking  than 
that  quoted  by  Dr.  A.  Combe§  from  Baron  Percy,  as  having  occurred 
after  the  siege  of  Landau  in  1793.  In  addition  to  a  violent  cannonading 
which  kept  the  women  for  some  time  in  a  constant  state  of  alarm, 
arsenal  blew-up  with  a  terrific  explosion,  which  few  could  hear  with  un- 

*  See  Harvey,  loc.  cit.  •  „i  T/uiih«L" 

f  See  a  case  of  this  kind  related  by  Mr.  G.  Combe  in  the  "  Phrenological  Journ.  , 

vol.  viii.  p.  471.  ,     ,      f  tue  Jissi- 

t  Where  twins  are  very  unlike  one  another,  it  will  usually  be  found  tnaM  fthose 

milarity  is  due  to  the  predominance  of  the  characters  of  the  father  m  one,  j  ™   .  iy 

of  the  mother  in  the  other ;  as  in  the  case  of  the  Pointer  and  better  pre 

cited  (§  775). 

§  "On  the  Management  of  Infancy,"  p.  76. 
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shaken  nerves.    Out  of  92  children  born  in  that  district  within  a  few 
months  afterwards,  Baron  Percy  states  that  16  died  at  the  instant  of  birth  ; 
33  languished  for  from  eight  to  ten  months,  and  then  died ;  8  became 
idiotic,  and  died  before  the  age  of  five  years ;  and  2  came  into  the  world 
with  numerous  fractures  of  the  bones  of  the  limbs,  probably  caused  by 
irregular  uterine  contractions.    Here,  then,  is  a  total  of  59  children  out 
of  92,  or  within  a  trifle  of  2  out  of  every  3,  actually  killed  through  the 
medium  of  the  Mother's  alarm,  and  the  natural  consequences  upon  her 
own  organization ;  an  experiment  (for  such  it  is  to  the  Physiologist) 
upon  too  large  a  scale  for  its  results  to  be  set  down  as  mere  '  coincidences.' 
— No  soundly-judging  Physiologist  of  the  present  day  is  likely  to  fall 
into  the  popular  error  of  supposing  that  '  marks'  upon  the  Infant  are  to 
be  referred  to  some  transient  though  strong  impression  upon  the  imagi- 
nation of  the  Mother ;  but  there  appear  to  be  a  sufficient  number  of  facts 
on  record,  to  prove  that  habitual  mental  conditions  on  the  part  of  the 
'Mother  may  have  influence  enough,  at  an  early  period  of  gestation,  to  pro- 
luce  evident  bodily  deformity,  or  peculiar  tendencies  of  the  mind  (§  733). 
The  error  of  the  vulgar  notion  on  this  subject,  lies  in  supposing  that  a 
Hidden  fright,  speedily  forgotten,  can  exert  such  a  continual  influence  on 
he  nutrition  of  the  Embryo,  as  to  occasion  any  personal  peculiarity.* 
The  view  here  stated,  is  one  which  ought  to  have  great  weight,  in  making 
p  nanifest  the  importance  of  careful  management  of  the  health  of  the  Mother, 
)  >oth  corporeal  and  mental,  during  the  period  of  pregnancy ;  since  the 
iltimate  constitution  of  the  offspring  so  much  depends  upon  the  influences 
lihen  operating  upon  its  most  impressible  structure. 


4.  Development  of  the  Embryo. 

780.  The  history  of  the  evolution  of  the  Germ,  from  its  first  appear - 
nce  as  a  single  cell  lying  in  the  midst  of  the  yolk,  to  the  time  when  it 
resents  the  form  and  structure  characteristic  of  its  parent-species,  and  is 
apable  of  maintaining  an  independent  existence, — including  the  details 
f  the  progressive  development  of  each  separate  organ,  from  its  first 
ppearance  as  an  aggregation  of  simple  cells  formed  by  the  duplicative 
ubdivision  of  the  primordial  vesicle,  to  that  stage  of  completeness  in  which 
:  is  able  to  bear  a  part  in  the  vital  economy  of  the  new  being, — and 
I  mbracing,  also,  the  succession  of  changes  in  the  provisions  for  the  nutri- 
|  on  of  the  embryo  in  the  successive  phases  of  its  existence,  and  the 
daptations  of  its  general  organization  to  each  respectively, — constitutes 
no  of  the  most  interesting  departments  of  Physiological  Science,  and  one 
I  'hich  has  of  late  years  received  a  peculiar  degree  of  attention.    It  is  a 
|  ranch  of  the  inquiry,  however,  which  has,  and  seems  likely  to  have, 
i«ss practical  bearing  than  any  other ;  for  neither  as  regards  the  preser- 

I"  *  For  some  valuable  observations  on  this  subject,  see  Montgomery  "  On  the  Signs 
|i  Pregnancy."— Numerous  cases  were  recorded  a  few  years  since  (especially  in  the 
I  Lancet"  and  "  Provincial  Medical  Journal"),  in  which  malformations  in  the  Infant 
|->peared  distinctly  traceable  to  strong  impressions  made  on  the  mind  of  the  Motber 
I  -me  months  previously  to  parturition  ;  these  impressions  having  been  persistent 
I  iring  the  remaining  period  of  pregnancy,  and  giving  rise  to  a  full  expectation  on  the 
I  «"t  of  the  Mother,  tbat  the  child  would  bo  affected  in  the  particular  manner  which 
I  Anally  occurred.  Of  one  very  striking  case  of  this  kind,  the  Author  is  personally 
'gnizant,  it  having  occurred  in  the  family  of  a  near  connexion  of  his  own. 
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vation  of  the  body  in  health,  nor  its  restoration  from  disease,  is  it  easy 
to  see  what  direct  benefit  the  most  exact  knowledge  of  Embryonic 
Development  is  likely  to  afford.  The  chief  subject  on  which  it  throws 
light,  is  that  of  Congenital  Malformations  and  Deficiencies ;  many  of 
which  are  now  distinctly  traceable  to  arrest  or  irregularity  of  the  de- 
velopmental processes ;  some  of  them,  indeed,  to  excess  (§  357).  For 
these  reasons,  the  topic  before  us  will  be  passed-over  much  more  lightly 
in  the  present  Treatise,  than  its  scientific  importance  might  seem  to  de- 
mand ;  and  all  that  will  be  here  attempted,  will  be  a  mere  sketch  of  the 
mode  in  which  the  evolution  of  the  germ  takes-place,  this  being  followed 
in  the  first  instance  as  a  whole,  whilst  its  principal  organs  will  be  after- 
wards separately  considered  as  they  successively  present  themselves. — 
This  sketch,  however,  will  serve  to  convey  an  idea  of  the  nature  of  the 
process,  and  to  illustrate  its  conformity  in  Man  to  that  great  law  of  pro- 
gress from  the  general  to  the  special,  which  is  equally  manifested  in  the 
development  of  every  other  organized  being. 

781.  When  we  first  discern  the  primordial  cell  which  is  to  evolve 
itself  into  the  Animal  organism,  we  can  trace  nothing  that  essentially 
distinguishes  it  from  that  which  might  give  origin  to  any  other  form  of 
organic  structure ;  its  condition,  in  fact,  being  alike  in  all,  and  perma- 
nently represented  by  the  humblest  single-celled  Plants  and  Animals. 
The  earliest  stage  of  its  development  consists  in  simple  multiplication  by 
'  duplicative  subdivision'  of  its  contents,  so  that  a  mass  of  cell-like  bodies 
comes  to  be  produced,  amidst  the  several  components  of  which  no  dif- 
ference can  be  traced ;  and  this  also  finds  its  parallel  among  the  simpler 
organisms  of  both  kingdoms.  Soon,  however,  this  homogeneous  condition 
gives  rise  to  a  heterogeneous  one ;  the  further  changes  which  different 
parts  of  this  mass  undergo,  not  being  of  the  same  uniform  character,  so 
that  a  marking-out  of  organs,  or  instrumental  parts  adapted  for  different 
purposes  in  the  economy,  comes  to  be  discernible.  A  marked  divergence 
occurs,  however,  at  a  very  early  period,  according  to  whether  the  whole 
contents  of  the  ovum  undergo  segmentation,  and  are  directly  converted 
into  the  growing  embryo,  or  whether  only  a  portion  is  thus  segmented, 
the  remainder  forming  a  bag  over  which  vessels  are  developed,  effecting 
the  absorption  of  its  contents,  and  thus  enabling  it  indirectly  to  partici- 
pate in  the  process  of  development.     Animals  in  which  the  former 
arrangement  holds  are  termed  holoblastic,  and  are  represented  by  Mam- 
mals generally,  Batrachia  and  Cyclostomata  amongst  the  Vertebrate, 
and  by  the  simpler  forms  of  Crustacea  and  Arachnida,  the  Annelida, 
lower  Mollusca,  Entozoa,  and   Radiata   amongst  the  Invertebrate- 
The  animals  in  which  the  latter  arrangement  holds  are  termed  m!f  °~ 
blastic,  and  are  represented  by  the  Monotremata,  Birds,  scaly  Amphibia, 
Plagiostomous  and  Teleostian  fishes  amongst  the  Vertebrata,  and  by  the 
higher  orders  of  Crustacea  and  Arachnida,  and  by  Cephalopoda  amongs^ 
the  Invertebrata.    In  the  fowl,  according  to  His  (loc.  cit.  p.  39), 
whole  of  the  nervous  system,  the  whole  of  the  muscular  system, 
striated  and  unstriated,  the  true  epithelial  structures  and  the i  glands i  p 
ceed  from  the  development  of  the  morphological  elements  of  the  cic 
cula,  whilst  the  blood  and  the  connective  tissues  proceed  from  the 
yolk.    The  organs  whose  distinctness  first  becomes  apparent,  a  ^ 
(for  the  most  part)  those  which  we  trace  in  the  completed  structm  , 
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have  a  merely  temporary  character  ;  being  evolved  either  as  a  sort  of 
scaffolding  or  frame-work  for  the  building  up  of  the  more  permanent 
parts,  or  with  a  view  to  the  nutrition  of  the  embryo  during  the  evolu- 
tion of  these.  Although  the  first  indications  of  heterogeneousness  in 
the  general  mass  are  of  nearly  the  same  kind  in  all  animals, — con- 
sisting in  the  formation  of  a  blastodermic  membrane  (composed,  however, 
of  nothing  else  than  layers  of  cells)  upon  its  exterior,  which  serves  as  a 
sort  of  temporary  stomach,  whilst  a  large  part  of  the  included  mass  un- 
dergoes liquefaction,  and  serves  as  the  nutrient  material  for  the  tissues 
which  are  to  be  evolved  from  it, — yet  indications  are  very  speedily 
manifested,  of  the  primary  division  of  the  Animal  Kingdom  of  which  the 
new  being  is  a  member ;  thus,  in  the  case  of  the  Human  embryo,  as  of 
that  of  all  Vertebrated  animals,  the  first  outline  of  the  permanent  orga- 
nization is  shown  in  the  1  primitive  trace'  which  marks-out  the  line  of 
the  vertebral  column  (Plate  II.,  Fig.  11);  and  in  this  we  very  soon 
discern  the  foundations  of  the  separate  vertebrae  (Fig.  12,  c).  But  there 
is  nothing  at  this  period  to  distinguish  the  germ  of  Man  from  that  of 
any  other  Vertebrated  animal,  this  early  part  of  the  developmental  process 
being  carried-on  upon  the  same  plan  in  every  member  of  that  sub- 
kingdom  ;  and  it  is  not  until  we  meet  with  indications  of  one  of  the 
plans  which  are  peculiar  to  the  respective  classes  of  that  sub-kingdom, 
that  we  can  discover  whether  the  germ  in  course  of  evolution  is  to 
become  a  Mammal,  Bird,  Eeptile,  or  Fish.  So,  even  when  it  has  been 
recognized  as  belonging  to  the  Mammalian  class,  there  is  at  first 
lothing  to  distinguish  it  from  that  of  any  other  Mammal ;  and  it  is 
;nly  with  the  advance  of  the  developmental  process  that  indications 
uccessively  present  themselves,  which  enable  us  to  distinguish,  one 
ifter  another,  the  characters  of  the  order,  the  family,  the  genus,  the 
pecies,  the  variety,  the  sex,  and  the  individual, — the  more  special 
eatures  progressively  evolving  themselves  out  of  the  more  general,  which 
s  the  expression  of  the  law  of  development  common  to  all  Organized 
»eings. 

782.  With  this  progressive  alteration  in  the  condition  of  the  embryo 
tself,  a  very  remarkable  series  of  alterations  is  proceeding,  pari  passu, 
n  the  mode  in  which  it  is  supplied  with  nutrient  material,  and  in  the 
)rovisions  for  the  aeration  of  its  circulating  fluid. — The  first  evolution 
>fthe  germ  takes-place  entirely  at  the  expense  of  the  yolk:  of  which, 
lowever,  the  store  contained  in  the  Mammalian  ovum  is  very  small, 
"he  whole  of  this  is  very  speedily  incorporated  in  the  substance  of  the 
;erm,  by  the  peculiar  process  to  be  presently  described ;  and  there  is 
lo  residual  store  of 1  food-yolk,'  such  as  that  which,  in  the  Bird,  serves 
or  the  nutrition  of  the  embryo  during  the  whole  remainder  of  the 
[  evelopmental  process,  by  being  gradually  absorbed  into  the  substance  of 
r.e  blastodermic  membrane,  and  there  converted  into  blood.  The 
I  lammalian  ovum,  however,  from  the  time  it  reaches  the  Uterus,  is 
!  n-nished  with  a  new  supply  of  nourishment,  in  the  fluid  secreted  by 
I  ie  Decidual  membrane  (§  759) ;  and  for  the  absorption  of  this,  it  ia 
i  articularly  adapted  by  the  villosities  which  develope  themselves  from 
•s  own  external  envelope.    These,  at  first  entirely  destitute  of  blood - 
essels,  are  subsequently  penetrated  at  a  certain  part  of  the  surface,  by 
ie  foetal  capillaries  brought  to  them  by  an  organ,  the  Allantois,  which 
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is  developed  in  Birds  as  the  temporary  instrument  of  respiration ;  and 
thus  is  originated  the  foetal  portion  of  the  Placenta,  of  whose  formation 
an  account  will  be  presently  given  (§  789).  From  the  time  that  this 
organ  is  completed,  up  to  the  birth  of  the  Infant,  the  embryo  draws  its 
nutrient  materials  direct  from  the  maternal  blood,  though  not  receiving 
that  blood  as  such  into  its  own  organism ;  and  it  is  through  the  same 
medium  that  the  aeration  of  its  own  blood  is  effected,  its  pulmonary 
apparatus  being  as  yet  inoperative.  Its  circulating  system,  arranged  in 
accordance  with  these  requirements,  presents  many  peculiarities  which 
mark  its  foetal  character ;  and  the  alteration  in  the  course  of  the  blood, 
which  takes  place  as  soon  as  the  respiratory  organs  come  into  play,  con- 
stitutes the  essential  difference  between  intra-uterine  and  extra-uterine 
life.  If,  as  sometimes  happens,  the  lungs  of  the  new-born  infant 
expand  but  imperfectly  or  scarcely  at  all,  the  circulation  continues 
to  be  carried  on  in  a  greater  or  less  degree,  upon  its  intra-uterine  plan  ; 
and  this,  when  the  placenta  is  no  longer  capable  of  supplying  the  needed 
aeration,  is  incompatible  with  the  persistence  of  life. 

783.  Our  knowledge  of  the  first  stages  of  the  developmental  process 
in  the  Mammalian  ovum  is  in  many  respects  incomplete ;  and  it  is  re- 
quisite to  interpret  what  has  been  obscurely  seen  in  the  ova  of  this 
class,  by  the  clearer  views  derived  from  observation  of  those  of  the 
lower  animals.* — As  already  stated  (§  757),  the  germinal  vesicle  dis- 
appears at  or  about  the  time  of  fecundation  ;  but  its  disappearance  is  not 
a  result  of  fecundation,  since  it  also  takes-place  in  the  unimpregnated 
egg,  in  consequence  (it  may  be  presumed)  of  the  completion  of  its  term 
of  life,  and  of  those  operations  which  it  was  developed  to  perform.  Its 
place  is  seen  to  be  occupied,  at  an  early  period  after  fecundation,  by  a 
new  and  peculiar  cell,  the  origin  of  which  is  obscure,  but  the  destina- 
tion of  which  is  most  important ;  for  it  is  by  the  1  duplicative  sub- 
division' of  this  cell,  first  into  2,  then  into  4,  then  into  8,  and  so  on,  and 

*  The  researches  of  Kathke  "  On  the  Development  of  the  Snake,"  1839,  and  of  the 
Tortoise,  1848— of  Kolliker  (Muller's  "  Archiv,"  1843,  p.  68)  and  Bagge  ("De 
Evolut.  Strongyli  et  Ascarid.,  Diss.  Inaug.,"  1841)  on  the  ova  of  Entozoa, — KolHker's 
"  Entwickelnngsgeschichte  des  Menschen,"  1861, — those  of  v.  Bar  "On  the  De- 
velopment of  the  Fish,"  1835—  those  of  Mr.  Newport  ("Philos.  Transact.,"  1851) 
and  Duges  ("Kecherches  surles  Batraciens,"  1835)  on  the  ova  of  Batracha,-— 
those  of  Bisckoff  ("  Entwickelungsgesckichte  des  Hundes-eies,"  1845)  on  the  ova  of  the 
Bitch,— those  of  Remak  on  the  Vertebrata  ("  Untersuch.  iiber  die  Entwickel.  der  Wir- 
belthiere,"  Berlin,  1855)— of  Reichert  on  the  Guinea-pig  ("  Beitrage  zur  Entwicke- 
lnngsgeschichte des  Meerschweinchens"),  Monatsbericht  d.  Akad.  Berlin,  1860,  ot 
Leuckart  contained  in  Wagner's  "  Handwbrterbuch  der  Physiologie,"  art.  'Zengung. 
— of  Allen  Thomson  in  the  art.  'Ovum,'  in  the  supplementary  volume  to  Todd  s 
"Cyclop,  of  Anatomy  and  Physiology,"  1859—  of  Huxley  in  the  Croonian  Lecture 
for  1858,  and  in  his  "  Lectures  on  the  Elements  of  Comparative  Anatomy,"  J,864' 
of  Coste,  ("Histoire  G6n6r.  et  Partic.du  De'veloppement  des  Corps  Organised,  1847 
1859),— of  Pander,  "Beitrage  zur  Entwick.  d.  Huhnchens,"— and  lastly  o  •  ij-is, 
"  Untersuchungen  iiber  die  erste  Anlage  des  Wirbelthierleibes,"  Leipzig,  l°b°. 
are  among  the  most  valuable  which  we  at  present  possess.     The  several  car' 
stages  of  the  formation  of  the  embryo  in  the  chick,  are  thus  succinctly  and  cl0~v 
given  by  His.     1st  stago.  —  Formation  of  the  inner  or  inferior  germinal  lojt 
(mucous  layer)  out  of  the  sub-germinal  processes,  and  commencement  ot  its  s p 
ration  (about  the  8th  hour).    2nd  stage.— Incipient  folding  of  the  cicatncula ,  ior 
tion  of  the  primitive  groove,  of  the  central  transverse  groove,  and  ol  the  germma 
(about  the  12th  hour).    3rd  stage.— Sharp  differentiation  of  the  germinal  zo> e :  ii 
the  cxtornal  zone;  separation  of  the  muscle-laminre  commencing;  organization  o 
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by  the  metamorphoses  which  its  progeny  undergo,  that  the  whole 
embryonic  fabric  is  gradually  evolved.  Hence  this  cell  may  be  termed 
the  embryo-cell*  At  the  same  time,  a  peculiar  change  begins  to  take 
place  in  the  yolk,  the  whole  sphere  of  which  at  first  contracts,  is  then 
marked-out  by  a  furrow  into  two  hemispheres,  and  is  at  last  com- 
pletely divided  by  the  extension  of  this  fission  to  the  centre  ;  each  half  is 
again  furrowed  and  then  cleft  in  the  same  manner,  and  thus  the  entire 
yolk  is  broken  up  into  a  mass  of  segments  (Fig.  236).  This  '  segmen- 
tation' takes  place  pari  passu  with  the  multiplication  of  the  embryo-cells, 
each  of  which  is  surrounded  by  a  distinct  portion  of  the  yolk ;  and 
there  seems  every  probability  that  it  is  determined  by  that  multiplication, 
and  that  each  cell  of  the  pair  that  is  formed  by  the  duplicative  sub- 
division of  its  predecessor,  draws  around  itself  its  proper  share  of  the 
nutritive  material. — These  changes  take-place,  in  the  Mammalian  Ovum, 


Progressive  stages  in  the  Segmentation  of  the  Yolk  of  the  Mammalian  Ovum : — a,  its  first 
division  into  two  halves ;  b,  subdivision  of  each  half  into  two  ;  C,  further  subdivision,  pro- 
ducing numerous  segments. 

uring  its  transit  along  the  Fallopian  tube  to  the  uterus  ;  so  that,  by 
he  time  of  its  arrival  there,  the  whole  cavity  of  the  Zona  pellucida  is 

iternal  germinal  wall  (about  the  16th  hour).    4th  stage. — Incipient  constriction  of 
ie  cephalic  extremity  of  the  germ ;  separation  of  the  germinal  zone  into  a  central 
xile  portion  and  a  parietal  portion  ;  protrusion  of  the  medullary  plates,  and  formation 
f  the  first  prevertebra  (about  the  20th  hour).    5th  stage. — Continued  constriction  of 
ie  germ ;  closure  of  the  medullary  tube  and  articulation  of  the  prevertebr£e  ;  formation 
fid  first  action  of  the  heart;  coalescence  of  the  products  of  the  secondary  germ  in  the 
antral  portion  of  the  cicatricula  (about  the  24th  hour).  6th  stage. — Completion  of  the 
|  itire  primitive  vascular  system  ;  commencing  activity  of  the  heart ;  formation  of  the 
i  rcrenal  ducts ;  protrusion  of  the  eye-vesicle  (from  the  30th  to  the  36th  hour).  7  th  stage. 
-'Segmentation  of  the  brain ;  constricting-off  of  the  eye-vesicles;  formation  of  the 
I'litory  vesicles;  lateral  curvature  of  the  heart ;  investment  of  the  cephalic  extremity 
the  embryo  by  the  amnion  (36th  to  48th  hour).    8th  stage.— Occurrence  of  the 
|  :phalic  downward  curvature ;  formation  of  the  lens,  and  of  the  three  anterior  branchial 
j  wires  (48th  to  the  60th  hour).    9th  stage.— Formation  of  the  posterior  branchial 
'suros,  and  of  the  aortic  arches  ;  complete  closure  of  the  amnion  ;  incipient  constrict- 
g  off  of  the  posterior  extremity  of  the  body  (60lh  to  the  72nd  hour).  10th  stage  (corre- 
I  ending  to  the  4th  day  of  incubation).— First  appearance  of  the  allantoic,  and  of  the  ex- 
emities;  formation  of  the  liver,  of  the  pancreas,  and  commencingprotrusion  of  the  lungs. 
I  *  The  embryo-cell  has  not  yet  been  clearly  made-out  in  the  Mammalian  ovum  ;  but 
I  om  the  conformity  of  the  subsequent  appearances  to  those  which  are  seen  in  the  ova 
I  the  lower  animals,  there  is  every  reason  to  believe  that  the  formation  of  either  a 
I  mpletc  cell,  or  of  a  nucleus  having  the  samo  essential  endowments,  is  a  preliminary 
f  the  cleavage  of  the  yolk. 
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occupied  by  minute  spherules  of  yolk,  each  containing  a  transparent  vesi- 
cle,* the  aggregation  of  which  gives  it  a  mulberry-like  aspect  (Fig.  237, 
a)  ;  and  by  a  continuance  of  the  same  process  of  subdivision,  the  com- 
ponent segments  becoming  more  and  more  minute,  the  mass  comes  to 
present  a  finely-granular  aspect  (b).  A  rotation  of  the  yolk  at  this 
period,  for  which  the  presence  of  oxygen  appears  to  be  a  necessary  con- 
dition, j-  was  observed  by  Dr.  Eansom  in  the  ova  of  the  Gasterosteus, 
and  was  soon  after  noticed  in  the  Pike  by  Eeichert,  in  the  Frog  by 
Ecker,  and  subsequently  in  the  Eabbit  and  Guinea-pig  by  Bischoff. 

Fig.  237. 
A  B 


Later  stage  in  the  Segmentation  of  the  Yolk  of  the  Mammalian  Ovum : — at  a  is  shown  the 
'  mulberry-mass'  formed  by  the  minute  subdivision  of  the  vitelline  spheres ;  at  B,  a  further 
increase  has  brought  its  surface  into  contact  with  the  vitelline  membrane,  against  which  the 
spherules  are  flattened. 

The  cause  of  this  singular  movement  is  still  unknown,  and  though 
Bischoff  stated  that  he  had  seen  cilia  in  the  rabbit  on  the  outer  surface 
of  the  yolk,  he  was  unable  to  satisfy  himself  of  their  presence  in  the 
guinea-pig. 

784.  At  this  stage,  it  does  not  appear  that  the  several  segments  ot 
the  yolk  have  a  distinct  enveloping  membrane  ;  but  an  envelope  is  now 
formed  around  each  of  them,  converting  it  into  a  cell,  of  which  the  in- 
cluded vesicle  constitutes  the  nucleus,  and  of  which  the  portion  oi 
the  yolk  surrounding  this  forms  the  contents.    This  happens  first  to 
the  peripheral  portions  of  the  mass  ;  and  as  its  cells  are  fully  developed, 
they  arrange  themselves  at  the  surface  of  the  yolk  into  a  kind  of  mem- 
brane, and  at  the  same  time  assume  a  pentagonal  or  hexagonal  shape 
from  mutual  pressure,  so  as  to  resemble  pavement-epithelium  (Plate  1., 
Fig.  5).    As  the  globular  masses  of  the  interior  are  gradually  converte 
into  cells,  they  also  pass  to  the  surface  and  accumulate  there,  thus  in- 
creasing the  thickness  of  the  membrane  already  formed  by  the  more 
superficial  layer  of  cells,  while  the  central  part  of  the  mass  remains 
occupied  only  by  a  clear  fluid.    By  this  means  the  exterior  of  *he.^Jn 
is  speedily  converted  into  a  kind  of  secondary  vesicle,  situated  wi 


(as 
when 

oil-globule.  „  i 

t  See  Dr.  Ransom,  Humphry  and  Turner's  "  Journal  of  Anatomy, 
p.  237. 
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he  Zona  pellucida,  and  named  by  Bischoff  the  blastodermic  vesicle.  This 
reside,  very  soon  after  its  formation,  presents  at  one  point  an  opaque,  at 
irst  hemispherical,  but  subsequently  discoid  mass  (Plate  I.,  Fig.  5), 
vhich  is  produced  by  an  accumulation  of  the  original  segmentary 
pheres  that  have  not  yet  been  developed  into  cells  like  the  rest  of  the 
rolk  mass.    The  blastodermic  vesicle  increases^  rapidly  in  size,  and 
•ecomes  filled  with  fluid  furnished  by  the  uterus.    When  it  has  at- 
ained  to  £,"  in  the  ovum  of  the  Eabbit,  a  round  spot  begins  to  be  dis- 
tnguished  by  its  white  opaque  appearance ;  this  is  the  Area  germinativa 
Plate  I.,  Fig.  6).     The  Area  germinativa  continually  increases  in 
extent  and  thickness  by  the  formation  of  new  cells ;  and  subdivides  into 
>vo  layers  (Plate  I.,  Fig.  7),  which  although  both  at  first  composed  of 
ells,  soon  present  distinctive  characters,  and  are  concerned  in  very  dif- 
>rent  ulterior  operations.    Whilst  this  is  progressing  the  fine  membrane 
avering  and  enclosing  the  blastodermic  vesicle  begins  to  show  small 
lammillary  eminences,  whence  the  name  which  has  been  suggested  for 
lis  membrane,  of  Chorion  primitivum  or  Membrana  ovi  externa.  The 
iwuni  at  this  period,  therefore,  consists  of  the  external  villous  membrane 
L-  r  primitive  chorion ;   of  the  blastodermic  vesicle,  composed  of  two 
•■  yers ;  and  of  the  cellular  yolk.     The  division  of  the  blastodermic 
esicle  into  two  layers,  is  at  first  most  evident  in  the  neighbourhood  of 
le  Area  germinativa ;  but  it  soon  extends  from  this  point  and  impli- 
ites  nearly  the  whole  of  the  germinal  membrane.    The  outer,  or  as  it 
as  sometimes  been  termed  the  serous  layer  of  the  blastodermic  vesicle, 
mains  single,  but  the  inner  or  mucous  layer  soon  subdivides  into 
her  lamina?,  of  which  the  more  external  (sp,  Fig.  238)  is  composed  of 
Iweral  strata,  whilst  the  internal  (dd)  resembles  an  epithelium. 

785.  The  Area  Germinativa  at  its  first  appearance  has  a  rounded 
|Tm ;  but  it  soon  loses  this,  first  becoming  oval,  and  then  pear-shaped 
tf^late  II.,  Fig.  11).  While  this  change  is  taking-place  in  it,  there 
ifeadually  appears  in  its  centre  a  clear  space,  termed  the  area  pellucida 
-I));  and  this  is  bounded  externally  by  a  more  opaque  circle,  that 
Resents  a  shallow  groove,  and  whose  opacity  is  due  to  the  greater  accu- 
mulation of  cells  and  nuclei  in  that  part  than  in  the  area  pellucida 

744).    The  first  ap- 
l  iaranceof  the  embry-  Fig.  238. 

lie  structure,  known 
the  primitive  trace, 
I  nsists  in  a  shallow 
oove   (c,  Plate  II., 
g.  11,  and  Pv,  Fig. 
p8),  subsequently 
»ossed  by  another  at 
>§;ht  angles,  lying  be- 
fjpeen  two  masses  (b, 
rate  II.,  Fig.  11,  and 
I '  and  m,  Fig.  238), 
il  own  as  the  laminm 
ij^aa/es,  whose  form 
•  langes  with   that  of 
|  J  area  pellucida,  being  at  first  oval,  then  pyriform,  and  at  last  be- 


SB 


Transverse  section  through  the  Embryo  of  the  Chick  at 
the  close  of  the  first  day  01  incubation,  magnified  about  100 
diameters  :—ch,  chorda  dorealis:  h,  external  serous  or  corneal 
layer;  m,  medullary  portion  of  serous  layer;  Pv,  primitive 
groove  between  the  dorsal  lamina?  i^and  m;  dd,  intestinal  epi- 
thelial or  glandular  layer  (mucous  layer);  utvp,  prevertebral 
mass,  in  which  the  primary  or  protovertebrte  are  formed,  nnd 
which  is  continuous  with  tbe  middle  lamina,  tp;  uwh,  fissuro  in 
the  middle  lamina,  presenting  the  first  indication  of  the  pleuro- 
peritoneal  cavity,  and  of  the  subsequent  division  of  the  middle 
lamina  into  two  layers. 
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coming  guitar-shaped;  they  also  rise  more  and  more  from  the  surface 
of  the  area  pellucida,  the  marginal  portions  of  which  (A)  are  called  the 
corneal  layers,  so  as  to  form  two  ridges  of  higher  elevation,  with  a 
deeper  groove  between  them  ;  and  the  summits  of  these  ridges  tend  to 
approach  each  other,  and  gradually  unite  from  before  backwards,  so  as 
to  convert  the  groove  into  a  tube.  At  the  same  time,  the  anterior 
portion  of  the  groove  dilates  into  three  recesses  or  vesicles  (Plate  II., 
Fig.  12,  b),  which  indicate  the  position  of  the  three  principal  divisions 
of  the  Encephalon,  afterwards  to  be  developed  as  the  prosencephalon, 
the  mesencephalon,  and  the  epencephalon  (§  808).  Of  the  two  blasto- 
dermic layers  the  upper,  external  or  animal  layer  (A)  furnishes  the 
cerebro-spinal  nervous  system  with  the  organs  of  special  sense,  the 
striated  muscles,  the  Wolffian  bodies,  with  the  parts  of  the  sexual  appa- 
ratus in  connection  with  them,  the  kidney,  and  the  epidermis  with  its 
epithelial  prolongations  into  the  mouth  and  cloaca.  The  lower  or  vege- 
tative layer  furnishes  the  chorda  dorsalis,  the  system  of  sympathetic 
nerves,  the  whole  of  the  unstriated  muscular  tissue,  and  the  epithelial 
and  glandular  organs  connected  with  the  internal  mucous  membranes. 
Further  stratification  of  these  layers  subsequently  occurs,  the  animal 
layer  dividing  into  a  superior  or  limiting  lamina,  and  an  inferior  or 
striated-muscle  lamina,  and  the  mucous  layer  dividing  into  a  superior 
or  unstriated  muscle  lamina,  and  an  inferior  intestinal -glandular  lamina ; 
whilst  between  the  two  last  mentioned  laminae,  and  as  a  product  of  the 
former,  the  vascular  layer  is  gradually  developed  from  without  inwards. 

786.  Before  these  new  structures  are  produced,  a  very  remarkable 
3hange  takes-place  in  that  part  of  the  blastodermic  vesicle  which 


Fig.  239. 


Fig.  240. 


Fig.  239.— Plan  of  early  Uterine  Ovum.  Within  the  external  ring,  or  zona  pellucida,  are 
the  serous  lamina,  a ;  the  yolk,  b  ;  and  the  incipient  embryo,  c.  , 

Fig.  240. — Diagram  of  Ovum  at  the  commencement  of  the  formation  of  the  Amnion : — a,  cho- 
rion ;  6,  yolk-sac ;  c,  embryo ;  d,  and  e,  folds  of  the  serous  layer  rising-up  to  form  the  amnion. 

surrounds  the  area  pellucida,  the  cornea  or  outermost  lamina  {af. 
Fig.  243),  uniting  with  a  portion  of  the  middle  parietal  layer  (hp),  a°d 
rising  up  on  either  side  in  two  folds  (Fig.  240,  d,  e) ;  these  gradually 
approach  one  another,  and  ultimately  meet  in  the  space  between  the 
general  envelope  and  the  embryo,  thus  affording  an  additional  ^vest- 
ment to  the  latter  (Figs.  239,  240,  241,  243,  244).  As  each  tola 
contains  two  layers  of  membrane,  the  investment  thus  formed  is  douWjj, 
of  this,  the  outer  lamina  adheres  to  the  general  envelope ;  whilst  tn 
inner  remains  as  a  distinct  sac,  to  which  the  name  of  Amnion  is  give  • 


FIRST  MARKING-OUT  OF  FORM  OF  EMBRYO. 
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This  takes-place  during  the  third  day  in  the  Chick ;  the  date  at  which 
it  occurs  in  the  Human  ovum  is  difficult  to  be  ascertained,  owing  to  the 

Fig.  242. 


Fecundated  Egg,  showing  formation 
of  Amnios  and  Allantois  : — a,  Umbili- 
cal vesicle;  b,  amniotic  cavity;  c, 
allantois. 


Fecundated  Egg  of  Fowl  with  Allantois 
nearly  completed : — 1,  Inner  laminaof  am- 
niotic fold ;  b,  outer  lamina  of  the  same ; 
c,  point  where  the  amniotic  folds  come 
in  contact  with  each  other;  the  allantois 
is  seen  penetrating  between  the  inner  and 
outer  lamina?  of  the  amniotic  fold. 


Fig.  243. 


small  number  of  normal  specimens  which  have  come  under  observation 
at  a  sufficiently  early  stage.  A  microscopic  examination  of  the  Amniotic 
membrane  in  the  Human  subject  shows  that  it  consists  of  an  inner  layer 
of  tessellated  epithelium,  and  an 
outer  layer,  which  even  at  the  fourth 
week  presents  spindle-formed  cor- 
puscles, and  at  the  seventh  week  has 
become  well-marked  connective 
tissue.  In  some  animals  it  is  pro- 
vided with  muscular  fibres,  and  per- 
forms distinct  movements ;  but  it 
never  in  any  species  possesses 
proper  vessels.  The  Amnion  is 
directly  continuous  with  the  skin  of 
the  embryo,  and  the  Amniotic 
liquor  in  which  the  foetus  floats 
occupies  the  space  between  the  inner 
layer  and  the  skin. 

787.  As  the  development  of  the 
embryo  progresses,  the  walls  of  the 
abdomen  and  the  coats  of  the  intes- 
tines begin 


Transverse  section  of  the  Embryo  of  a  Fotol 
at  the  beginning  of  the  third  day  of  incuba- 
tion x  90— 100: — ch,  chorda  doraalis;  wwh,  posi- 
tion of  a  thinning  or  cavity  in  the  proto- 
vertebral  mass,  dividing  it  into  an  anterior 
and  posterior  portion ;  hp,  parietal  lamina ;  <//', 
intestinal  fibrous  lamina;  dd,  intestinal  glan- 
dular lamina;  dr,  primitive  intestinal  groove; 
h,  corneal  lamina  (the  line  in  the  drawing  ex- 
tending a  little  too  far) ;  mr,  medullary  tube 
(spinal  cord) ;  m,  muscular  lamina;  p,  pleuro- 
peritoneal  cavity ;  af,  fold  of  the  amnios  ;  ao, 
primitive  aorta ;  vc,  vena  cardinalia  ;  mm,  Wolf- 
flan  body ;  ung,  duct  of  the  Wolffian  body. 


to  be  formed  by  the 
bending  downwards  and  forwards 
of  the  lateral  portions  of  the  blastodermic  vesicle.  In  Fig.  244, 
the  mode  of  the  development  of  the  abdominal  cavity  is  seen,  its 
parietes  being  formed  by  the  external  or  parietal  portion  of  the  middle 
lamina?  (hp),  whilst  within  it  the  deep  groove  of  the  intestines  (d) 
appears,  the  walls  of  which  are  composed  of  two  laminse,  the  intestinal 
fibrous  lamina  (df),  and  the  intestinal  glandular  layer  (d),  passing  into 
the  corresponding  lamina?  of  the  blastodermic  vesicle,  which  already 
form  the  vitelline  sac.  The  incipient  intestine  is  maintained  in  its 
place  by  the  mesentery,  which  begins  to  be  formed  out  of  a  prolongation 
of  the  mass  lying  in  front  of  the  chorda  dorsalis,  in  which  lie  the  now 
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Fig.  244. 


unsymmetrical  aorta  (so)  and  the  cardinal  vein  (vc),  and  which  is 
obviously  only  a  thickened  portion  of  the  connecting  band  between 

the  parietal  lamina  and  the  intestinal  fibrous  layer  (nip,  Fig.  125).  

During  the  same  period,  a  very  im- 
portant provision  for  the  future  support 
of  the  embryo  begins  to  be  made,  by 
the  development  of  Blood-vessels  and 
the  formation  of  Blood.  Hitherto,  the 
embryonic  structure  has  been  nourished 
by  direct  absorption  of  the  alimentary 
materials  supplied  to  it  by  the  yolk ; 
but  its  increasing  size,  and  the  necessity 
for  a  more  free  communication  between 
its  parts  than  any  structure  consisting 
of  cells  alone  can  permit,  call  for  the 
development  of  vessels  through  which 
the  nutritious  fluid  may  be  conveyed. 
These  vessels  are  first  seen  in  that  part 
of  the  Vascular  lamina  of  the  germinal 
membrane,  which  immediately  surrounds 
the  embryo.*  In  their  earliest  stage  of 
development  these  vessels  appear  as  two 
arcus  aorta,  proceeding  from  the  an- 
terior part  of  the  heart,  that,  after  a 
short  course  in  the  forward  direction, 
bend  downwards  and  backwards  to  unite 
in  a  single,  short,  unsymmetrical  aortic 
tube,  from  which  again  two  branches 
almost  immediately  arise,  the  arteries 
vertebrales posteriorcs,  or  primitive  aortse. 
These,  lying  beneath  the  chorda  dorsalis, 
extend  to  the  posterior  part  of  the  body 
of  the  embryo,  dividing  ultimately  into  the  omphalo-mesenteric,  nieseraic, 
or  Vitelline  vessels  (Figs.  249,  250,  q,  r),  which  form  a  close  network, 
bounded  by  a  circular  channel  termed  the  Vena  or  Si7ius  terminahs. 
This  network  or  vascular  area  (Plate  n.,  Fig.  13)  soon  extends  itself, 
and  the  vessels  finally  spread  over  the  whole  of  the  membrane  that  con- 
tains the  yolk.  At  the  anterior  part  of  the  embryo  the  Uvo  extremities 
of  the  circular  channel  form  the  Vena?  omplialo-mesentericoe,  which  dis- 
charge their  contents  into  the  back  part  of  the  heart. — At  this  period 
the  Yolk-sac  is  entirely  separated  in  the  Mammalia,  by  a  constriction 
of  the  portion  which  is  continuous  with  the  abdomen  of  the  embryo 
(Fig.  248,  b) ;  and  it  is  known  from  that  time  under  the  name  of  the 
Umbilical  Vesicle  (Plate  I.,  Fig.  10,  i).  The  communication,  however, 
remains  open  for  a  time  through  the  '  vitelline  duct ;'  and  even  after  this 
has  been  cut-off,  the  trunks  which  connect  the  circulating  system  of  the 

*  According  to  His  (loc.  cit.  p.  95),  Wolff,  and  Pander,  in  the  chick  a  Peri?^e^ 
vessel  around  the  germinal  area,  and  others  in  the  area  opaca,  first  appear,  w.uls 
various  points  small  coloured  masses,  surrounded  hy  a  membrane  or  blood-islanas, 
developed.    Both  the  vessels  and  the  blood  proceed  directly  from  the  white  or  gei  - 
yolk.    The  formation  of  the  vessels  precedes  that  of  the  heart,  and  is  quite  indepei  - 
dent  of  it. 


Transverse  section  made  through  the 
body  of  the  Embryonic  Fowl,  near  the 
umbilicus,  on  the  fifth  day  of  incuba- 
tion:  ,  sheath  of  the  chorda;  h, 
corneal  lamina ;  am,  amnios  completely 
closed ;  ta,  secondary  aorta ;  vc,  vena 
cardinalit ;  mo,  muscular  lamina;  spinal 
ganglion ;  v,  anterior  root  of  the  spinal 
nerve :  hp,  parietal  lamina ;  up,  prolonga- 
tion of  the  protovertobra  into  the  abdo- 
minal wall  (protovertebral  lamina  of 
Remak,  visceral  lamina  of  Reichert) ;  /,/; , 
primitive  wall  of  the  abdomen,  composed 
of  the  external,  serous,  or  corneal  lamina, 
and  of  the  parietal  lamina ;  df,  lamina  in 
which  the  fibrous  membranes  of  the  in- 
testines are  developed  ;  d,  intestinal  glan- 
dular layer.  The  mass  around  the  chorda 
is  that  in  which  the  protovertebra?  are 
developed;  it  contains  the  vessels  an- 
teriorly, and  in  front,  in  the  middle  line, 
is  prolonged  as  the  mesentery. 


FORMATION  OF  FIRST  BLOOD-VESSELS. 
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embryo  with  that  of  the  vascular  area  are  discernible.  The  two  first 
veins,  then,  that  are  developed,  are  the  Vena?  omphalo-mesenterica?,  which, 
belong  not  to  the  body  of  the  embryo  itself,  but  to  the  germinal  area,  and 
open  by  a  short  tube  common  to  both  into  the  posterior  extremity  of  the 
Heart  (Fig.  245,  i,  om).  Subsequently  by  the  extension  of  their 
branches  over  the  yolk-sac 

they  become  the  vitelline  ves-  Fig.  245. 

sels,  still  opening  by  two 
veins  into  the   heart,  and 
effecting  the  absorption  of 
the  yolk.    "With  the  forma- 
tion of  the  intestine,  how- 
ever, the  vessel  of  the  right 
side  disappears,  the  left  alone 
remaining  (Fig.  245,  2,  om"), 
which  is  soon  joined  by  a 
:  small  mesenteric  vessel  from 
:the  intestine  (Fig.  245,  3, 
m).    Before  this  is  accom- 
plished, however,  the  Allan- 
;ois  has    been  developed, 
:.Tom  which  two  Vena?  ura- 
^ilicales  pass  forwards  and 
ppen  into  the  common  trunk 
■  )f  the  Vena*  omphalo-mesen- 
ericae,  (Fig.  245,  1,  u'u"). 
The  Vena?  umbilicales  ra- 
bidly increase  in  size,  pre- 
ponderating so  much  over 
1  he   only   remaining  Vena 
■mphalo-mesenterica,  into 
•  vdiich  they  originally  dis- 
charged their  contents,  that 

lie  latter  now  appears  to  be     appearance  of  the  umbilicales  and  the  commencement  of 
,  the  omphalo-mesentericse.    2.  At  the  time  of  the  first 

lerely  a  tributary  branch, 
bis  the  Liver  becomes  de- 
j  eloped  it   surrounds  the 

runk  of  the  umbilical  vein 

Pig.  245,  3),  which  soon 

inns  a  twofold  system  of 

ibes  within  that  gland,  the 
I  ae  conveying  the  blood  to 

hie  liver,  the  Vena?  hepatica?  advehentes ;  the  others  return  the  blood 
l  orn  the  gland  substance  to  the  umbilical  vein  again,  constituting 
l  ie  Vena?  hepatica?  revehentes.  The  right  umbilical  vein  now  dis- 
[  )pears,  and  the  blood  returning  from  the  placenta  altogether  traverses 
lie  left  vein,  which  soon  takes  up  a  median  position  ;  the  remains  of  the 
I  nphalo-mesenteric  vessel  (om,  Fig.  245,  4),  together  with  branches  (in) 
I  ;rived  from  the  intestine,  ultimately  come  to  open  into  the  right  Vena 
Ypatica  advehens  of  the  umbilical  vein,  and  thus  constitute  the  origin 
I   the  portal  vein.    That  portion  of  the  umbilical  vein  which  lies  be- 


Diagram  of  the  formation  of  the  Venm  Omphalo-mesen- 
tericcB  and  Umbilicales: — 1.  At  the  time  of  the  first 


appearance  of  the  branches  to  and  from  the  fiver,  and  the 
diminution  of  the  omphalo-mesenteric  vessels.  3,  4.  At 
the  period  of  complete  foetal  circulation  in  1,  omphalo- 
mesenteric trunk  ;  in  2,  H,  remains  of  it ;  in  4,  vein  of  the 
yolk-sac  alone ;  om'  l  ight  and  om"  left  vena  omphalo- 
mesentericse;  u,  trunk  of  the  umbilical  vein ;  u'  right  and 
u"  left  vena  umbificalis ;  dc,  ductus  Cuvieri;  j,  jugularis ; 
e,  cardinalis  ;  I,  liver ;  ha,  hepaticse  advehentes  ;  hr,  hepa- 
ticse  revehentes;  m,  mesenteric® ;  da,  ductus  venosus 
Arantii ;  ci,  cava  inferior ;  p,  vena  portte  ;  I,  lienalis  ; 
m,  mesenterica  superior. 
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tween  the  two  systems  of  liepatic  branches  just  mentioned,  remains 
throughout  the  whole  of  fetal  life,  and  is  termed  the  Ductus  venosus 
Arantii.  It  was  formerly  believed  that  the  nutrient  matter  of  the  yolk 
passes  directly  through  the  vitelline  duct,  into  the  (future)  digestive 
cavity  of  the  embryo,  and  is  from  it  absorbed  into  its  structure ;  but 
there  can  now  be  little  doubt,  that  the  vitelline  vessels  are  the  real 
agents  of  its  absorption,  and  that  they  convey  it  through  the  general 
circulating  system,  to  the  tissues  in  process  of  formation.  They  corre- 
spond, in  fact,  to  the  Mesenteric  veins  of  Invertebrated  animals,  which 
are  the  sole  agents  in  the  absorption  of  nutriment  from  their  digestive 
cavity ;  and  the  blastodermic  vesicle  is  to  be  regarded  as  the  temporary 
stomach  of  the  embryo, — remaining  as  the  permanent  stomach  in  the 
Radiated  tribes.* 

788.  The  first  rudiment  of  the  Heart,  which  is  the  earliest  of  the  per- 
manent organs  of  the  embryo  that  comes  into  functional  activity,  consists 
of  an  aggregation  of  cells,  forming  a  thickening  of  the  fibrous  coat  of  the 
anterior  portion  of  the  intestinal  canal  J  the  innermost  cells  of  which 
becoming  detached,  float  in  the  newly-formed  cavity  as  the  first  blood- 
corpuscles,  whilst  the  outer  remain  to  constitute  its  walls,  y    For  a  long 

time  after  it  has  distinctly  com- 
Fia.  246.  menced  pulsating,  and  is  obviously 

exerting  a  contractile  force,  its  walls 
retain  the  cellular  character,  and 
only  become  muscular  by  a  pro- 
gressive histological  transformation. 
The  first  appearance  of  the  Heart 
in  the  Chick  is  at  about  the  27th 
hour  ;  the  time  of  its  formation  in 
Mammalia  has  not  been  distinctly 
ascertained.  In  its  earliest  form,  it 
has  the  same  simple  character 
which  is  presented  by  the  central 
impelling  cavity  of  the  lower  In- 
vertebrata ;  being  a  mere  prolonged 
canal,  which  at  its  posterior  ex- 
tremity receives  the  veins,  and  at 
its  anterior  sends-forth  the  arteries.     About  the  15-I8th  day  in  the 

*  Previously  to  the  ninth  day  of  incubation  (in  the  Fowl's  egg),  a  series  of  folds  arc 
formed  by  the  lining  membrane  of  the  yolk-bag,  which  project  into  its  cavity;  these 
become  gradually  deeper  and  more  crowded,  as  the  bag  diminishes  in  size  by  the  ab- 
sorption of  its  contents.    The  vitelline  vessels  that  ramify  upon  the  yolk-bag,  send 
into  these  folds  (or  valvules  conniventes)  a  series  of  inosculating  loops,  which  im- 
mensely increase  the  extent  of  this  absorbing  apparatus.    But  these  minute  vesse  s 
are  not  in  immediate  contact  with  the  yolk;  for  there  intervenes  between  them  las 
was  first  noticed  by  Mr.  Dalrymple)  a  layer  of  nucleated  cells,  which  is 
away.  (See  Dr.  Baly's  Translation  of  Miiller's  "  Physiology,"  pp.  1557-1  ob X)  i  ww 
from  the  colour  of  these,  communicated  to  the  vessels  beneath,  that  Haller  te,  raen]o|ir 
latter  vasa  lutea ;  when  the  layer  is  removed,  the  vessels  present  their  usual  c :  ■ 
There  seems  good  reason  to  believe  that  these  cells,  like  those  of  the  intest.in*'  tf 
in  the  adult  (§  128),  are  the  real  agents  in  the  process  of  absorbing  ami  as81^  b° 


A.  Heart  of  the  Embryo  of  a  Rabbit  seen  from 
before: — ta,  truncus  arteriosus;  I,  left  ventricle; 
r,  right  ventricle ;  a,  auricle ;  v,  venous  sinus. 

u .  The  same  heart  seen  from  behind : — a,  vena; 
omphalo-mesentericte ;  d,  right  auricle ;  e,  bul- 
bus  aortoe ;  f,  the  six  aortic  arches ;  c,  atrium ; 
b,  auricula;. 


the  nutritive  matter  of  the  yolk  ;  and  that  they  deliver  this  up 


themselves  undergoing  rupture  or  dissolution,  being  replaced  by  new  layer  .  ^ 

t  Its  ganglionic  nerves  are  developed  from  the  axile  portion  of  the  cicatnc.  . 
Bird,  and  becomo  laterally  displaced  to  approximate  the  heart.    His,  loc.  en.,  i  ■ 
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Human  Embryo  it  becomes  doubly  bent  upon  itself  (Plate  II.,  Fig.  13,  <2, 
and  Fig.  246,  a,  b),  one  loop  corresponding  to  the  arterial,  the  other  to 
the  venous  portion.  After  this,  two  slight  enlargements  (b)  are  observed 
in  the  venous  bend ;  and  the  arterial  bend  separates  into  two  parts  by  a 
long  line  of  division.  The  two  enlargements  represent  the  auricles,  and 
receive  the  venae  omphalo-mesentericas  (a).  Above,  they  open  into  the 
atrium  (c),  which  leads  to  the  right  ventricle  (d),  and  this  again  into 
the  bulbus  aorta?.  The  circulation  is  at  first  carried-on  exactly  upon 
the  plan  which  is  permanently  exhibited  by  Fishes.  The  Aorta  sub- 
divides on  either  side  of  the  neck  into  five  or  six  arches  (Figs.  249,  250, 
e,  e'j  e"),  which  are  separated  by  fissures  much  resembling  those  forming 
the  entrances  to  the  gill-cavities  of  Cartilaginous  Fishes ;  and  these  arches 
re-unite  to  form  the  descending  aorta,  which  transmits  branches  to  all 
parts  of  the  body.  The  fluid  which  is  at  first  propelled  to  and  fro  by 
the  heart  is  clear,  colourless,  and  free  from  any  morphological  elements. 
— Such  is  the  first  phase  or  aspect  of  the  Circulating  Apparatus,  which 
is  common  to  all  Vertebrata  during  the  earliest  period  of  their  develop- 
ment, and  which  may,  therefore,  be  considered  as  its  most  general  form. 


Fig.  247. 


Fig.  248. 


Fig.  2-17.— Diagram  of  an  early  Human  Ovum,  showing  the  Amnion  in  process  of  formation 
and  the  Allantoic  beginning  to  appear  :— a,  chorion  ;  b,  vitelline  mass  surrounded  by  tne 
blastodermic  vesicle ;  c,  embryo ;  d,  e,  and/,  external  and  internal  folds  of  the  serous  layer, 
forming  the  amnion ;  or,  incipient  allantois.  ... 

Fig.  248.— Diagram  of  a  Human  Ovum  in  seoond  month,  showing  the  completion  ot  tne  sac 
of  the  Amnion,  and  a  further  development  of  the  Allantois  :—a  1,  smooth  portion  of  chorion  ; 
a  2,  villous  portion  of  chorion;  k,  k,  elongated  villi,  beginning  to  collect  into  Placenta,  ;0, 
vitelline  or  umbilical  vesicle  ;  c,  embryo amnion  (inner  layer)  ;  g,  allantois ;  A,  outer  layer 
of  amnion,  coalescing  with  chorion. 

i  remains  permanent  in  the  class  of  Fishes  ;  and  in  them  the  vascular 
/stem  undergoes  further  development  on  the  same  type,  a  number  of 
mute  tufts  being  sent-forth  from  each  of  the  arches,  which  enter  the 
■amenta  of  the  gills,  and  are  thus  subservient  to  the  aeration  of  the 
ood.  In  higher  Vertebrata,  however,  the  plan  of  the  circulation  is 
forwards  entirely  changed,  as  will  be  presently  described,  by  the  forma- 
on  of  new  cavities  in  the  heart,  and  by  the  production  of  new  vessels  ; 
is  incorrect,  therefore,  to  speak  of  the  vascular  arches  m  their  necks  as 
•anchial  arches,  since  no  branchiae  or  gills  are  ever  developed  from 
'em.    The  clefts  between  them  may  be  very  distinctly  seen  in  the 
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Human  Foetus  towards  the  end  of  the  first  montli ;  during  the  second 
they  usually  close-up  and  disappear. 

789.  With  the  evolution  of  a  Circulating  apparatus,  adapted  to  absorb 
nourishment  from  the  store  prepared  for  the  use  of  the  Embryo,  and  to 
convey  it  to  its  different  tissues,  it  becomes  necessary  that  a  Respiratory 
apparatus  should  also  be  provided,  for  depurating  the  blood  from  the  car- 
bonic acid  with  which  it  becomes  charged  during  the  course  of  its  circu- 
lation. The  temporary  Respiratory  apparatus  now  to  be  described,  bears 
a  strong  resemblance  in  its  own  character,  and  especially  in  its  vascular 
connections,  to  the  gills  of  the  Mollusca ;  which  are  prolongations  of  the 
external  surface  (usually  near  the  termination  of  the  intestinal  canal),  and 
almost  invariably  receive  their  vessels  from  that  part  of  the  system.  This 
apparatus,  which  is  termed  the  Alla?itois,  sprouts-forth  from  the  middle 
layer  of  the  blastoderm  of  the  anterior  and  lower  part  of  the  belly  wall  of 
the  embryo,  at  first  as  a  little  mass  of  cells,  which  soon  exhibits  a  cavity 
(probably  originating  in  the  liquefaction  of  the  cells  of  the  internal  part), 
so  that  a  vesicle  is  formed  (Figs.  247,  248,  g),  which  looks  like  a  diverti- 
culum from  the  lower  part  of  the  digestive  cavity.  This  vesicle,  in  Birds, 
has  been  shownbyVulpian*to  be  possessed  of  a  distinct  contractile  power, 
and  soon  becomes  so  large  as  to  extend  itself  around  the  whole  yolk- 
sac,  intervening  between  it  and  the  membrane  of  the  shell,  and  coming 
through  the  latter  into  relation  with  the  external  air ;  but  in  the  embryo 
of  Mammalia,  the  allantois,  being  early  superseded  by  another  provision 
for  the  aeration  of  the  blood,  seldom  attains  any  considerable  dimensions. 
Its  chief  office  here  is  to  convey  the  vessels  of  the  embryo  to  the  Chorion ; 
and  its  extent  bears  a  pretty  close  correspondence  with  the  extent  of  sur- 
face through  which  the  Chorion  comes  into  vascular  connection  with  the 
decidua.    Thus,  in  the  Carnivora,  whose  placenta  extends  like  a  band 
around  the  whole  ovum,  the  allantois  also  lines  nearly  the  whole  inner 
surface  of  the  chorion  ;  on  the  other  hand,  in  Man  and  the  Quadrumana, 
whose  placenta  is  restricted  to  one  spot,  the  allantois  is  small,  and  conveys 
the  fcetal  vessels  to  one  portion  only  of  the  chorion.    When  these  vessels 
have  reached  the  chorion,  they  ramify  in  its  substance,  and  send  filaments 
into  its  villi ;  and  in  proportion  as  these  villi  form  that  connection  with 
the  uterine  structure  which  has  been  already  described  (§§762,  763),  do 
the  vessels  increase  in  size.    They  then  pass  directly  from  the  foetus  to 
the  chorion ;  and  the  allantois,  being  no  longer  of  any  use,  shrivels-up, 
and  remains  as  a  minute  vesicle  only  to  be  detected  by  careful  examina- 
tion.   The  same  thing  happens  in  regard  to  the  umbilical  vesicle,  from 
which  the  entire  contents  have  been  by  this  time  withdrawn  ;  and  from 
henceforth  the  foetus  is  completely  dependent  for  the  materials  of  its  growth 
upon  the  supply  it  receives  through  the  Placenta,  which  is  conducted  to 
it  by  the  vessels  of  the  umbilical  cord.   This  state  of  things  is  represented 
in  Figs.  249,  250,  n  n',  o  o'. — The  Allantois  is  commonly  said  to  give 
origin  to  the  Urinary  Bladder;  but  this  organ  is  really  formed  by  an 
enlargement  of  the  upper  part  of  the  uro-genital  sinus  (§  799),  witfl 
which  the  allantois  communicates  by  a  duct  which  gradually  shrivels, 
only  a  vestige  of  it  remaining  permanent,  to  form  the  Urachus  or  sus- 
pensory ligament  of  the  bladder,  by  which  this  is  connected  with  tne 
umbilicus.    Before  this  takes-place,  however,  the  Allantois  is  the 
*  "  Journ.  de  la  Physiologie,"  torn.  i.  p.  619  et  seq. 
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ceptacle  for  the  secretion  of  the  Corpora  Wolffiana,  and  also  for  that 
of  the  true  Kidneys,  when  they  are  formed  (§  797). 

790.  It  will  be  seen  from  the  succeeding  diagram,  that  the  Amnion 
forms  a  kind  of  tubular  sheath  around  the  umbilical  cord  ;  it  is  continuous 
at  the  umbilicus  with  the  integument  of  the  foetus ;  and  at  the  point  where 
the  cord  enters  the  placenta,  it  is  reflected  over  its  internal  or  fcetal  surface. 
It  thus  forms  a  shut  sac,  resembling  that  of  the  pleura,  arachnoid,  &c. ; 
and  it  contains  a  fluid,  known  as  the  liquor  amnii,  which  consists  of  water 
holding  in  solution  a  small  quantity  of  casein,  kreatin,  lactic  acid,  grape 
sugar,*  and  saline  matter,  and  resembling,  therefore,  very  diluted  serum. 
During  the  first  two  months  of  gestation,  the  amnion  and  the  inner  lining 
of  the  chorion  (which  is  really  the  reflected  layer  of  the  amnion,  Fig.  248,  h, 


Fig.  249.  Fig.  250. 


Fig.  249.— Diagram  of  the  Circulation  in  the  Human  Embryo  and  its  Appendages,  as  seen 
in  profile  from  the  right  side,  at  the  commencement  of  the  formation  of  the  Placenta. 

Fig.  250. — The  same,  as  seen  from  the  front  -.—a,  venous  sinus,  receiving  all  the  systemic 
veins;  b,  right  auricle;  b',  left  auricle;  c,  right  ventricle ;  c',  left  ventricle ;  d.bulbus  aorticus; 
subdividing  into  e,  e',  e",  branchial  arches;/,/',  arterial  trunks  formed  by  their  confluence ; 
g,g ,  vena  azygos  superior;  h,  h',  confluence  of  the  superior  and  inferior  azygos;  J,  vena 
cava  inferior ;  k,  k',  vena  azygos  inferior;  m,  descending  aorta;  n.  n,  umbilical  arteries 
proceeding  from  it ;  o',  o,  umbilical  veins;  q,  omphalo-mesenterio  vein;  r,  omphalo-mesen- 
teric  artery,  distributed  on  the  walls  of  the  vitelline  vesicle,  t ;  v,  ductus  venosus ;  y,  vitel- 
line duct ;  z,  chorion. 

ist  as  the  lining  of  the  abdominal  cavity  is  formed  by  the  peritoneum) 
re  separated  by  a  gelatinous-looking  substance ;  which  probably  aids  in 
ie  nutrition  of  the  embryo,  previously  to  the  formation  of  the  placenta, 
his  is  absorbed  during  the  second  month  ;  and  the  amnion  is  then  found 
nmediately  beneath  the  chorion. — In  the  Umbilical  Cord,  when  it  is 
*  Hoppe-Seyler,  "  Handbuch  der  Chcm.  Anal.,"  1867,  p.  502. 
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completely  formed,  the  following  parts  may  be  traced.  1.  The  tubular 
sheath  afforded  by  the  Amnion.  2.  The  Umbilical  Vesicle  (Fig.  249  t) 
with  its  pedicle,  or  vitelline  duct.  3.  The  Vasa  Omphalo-Meseraica  (;,Vj§ 
or  mesenteric  vessels  of  the  embryo,  by  which  the  yolk  was  absorbed  into' 
its  body  ;  these  accompany  the  pedicle.  4.  The  Urachus,  and  remains  of 
the  Allantois.  5.  The  Vasa  Umbilicalia  (n  n,  6),  which  in  the  later 
period  of  gestation,  constitute  the  chief  part  of  the  Cord.  These  last 
vessels  consist  in  Man  of  two  arteries  and  one  vein.  The  arteries  are 
the  main  branches  of  the  Hypogastric  ;  and  they  convey  to  the  placenta 
the  blood  which  has  to  be  aerated  and  otherwise  revivified,  by  being 
brought  into  relation  with  that  of  the  mother.  The  vein  returns  this  to 
the  foetus,  and  discharges  a  part  of  it  into  the  Vena  Portse,  and  a  part 
directly  through  the  Ductus  Venosus  into  the  Vena  Cava. 

791.  A  change  in  the  type  of  the  Circulating  system  of  the  fetus,  from 
that  at  first  presented  by  it  (§  787),  takes-place  at  a  very  early  period. 

Fig.  251. 


1.  Trillions  arteriosus,  with  one  pair  of  aortic  arches,  and  dotted  outlines  indicating  the 
future  position  of  the  second  and  third  pairs.  2.  Truncus  arteriosus,  with  four  pairs  of  aortic 
arches  and  indications  of  the  fifth.  3.  Truncus  arteriosus,  with  the  three  posterior  pairs  of 
aortic  arches,  from  which  the  permanent  vessels  of  the  embryo  are  developed,  with  dotted 
outlines  showing  the  position  of  the  two  (now)  obliterated  anterior  arches,  4.  Permanent 
arterial  trunks  in  their  primitive  form,  the  obliterated  portions  still  shown  in  dotted  outline, 
1 — 5,  primitive  aortic  arches;  a,  aorta;  p,  pulmonary  artery ;  p',p",  branches  to  the  lungs; 
aw',  root  of  thoracic  aorta  (ad)  on  left  side;  aw,  obliterated  root  springing  from  right  side; 
s'  «",  subclavian  artery ;  v,  vertebral ;  ax,  axillary ;  e,  common  carotid ;  cf,  external  carotid; 
c",  internal  carotid. 

Between  the  fourth  and  eighth  week  the  venous  portion  of  the  heart  be- 
comes much  enlarged,  and  a  septum  begins  to  be  formed  which  gradually 
divides  the  single  ventricular  cavity  into  two,  the  separation  being  com- 
pleted at  the  seventh  week.  The  septum  of  the  auricles  commences  in 
the  eighth  week,  but  remains  incomplete  throughout  the  whole  of  foetal 
life,  the  opening  being  termed  the  foramen  ovale.  Contemporaneously 
with  the  formation  of  these  septa,  a  transformation  occurs  in  the  arrange- 
ment of  the  Arterial  trunks  proceeding  from  the  heart,  which  ends  in  their 
assumption  of  the  form  they  present  until  the  end  of  Foetal  life ;  and  tins 
undergoes  but  a  slight  alteration,  when  the  plan  of  the  circulation  is 
changed  at  the  moment  of  the  first  inspiration.  The  number  of  aortic 
arches  on  each  side,  which  was  five  at  first,  soon  becomes  reduced  in A -M 
Mammalia  to  three,  by  the  obliteration  of  the  two  highest  pairs.  l«e 
Bulbus  Aorticus  is  subdivided  by  the  adhesion  of  its  walls  at  opposi  e 
points  into  two  tubes,  of  which  one  becomes  the  origin  of  the  aorta,  an 
the  other  that  of  the  pulmonary  artery,  and  of  the  three  remaining  pa^ 
of  vascular  (branchial)  arches,  the  third  being  connected  with  the  ao 
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rank,  contributes,  with  portions  of  the  two  highest  pairs,  to  the  formation 
>f  the  external  and  internal  carotid  arteries  ;  whilst  of  the  second  pair, 
he  arch  on  the  right  side  forms  the  innominate  and  the  beginning  of  the 
ight  subclavian,'  and  the  other  becomes  the  arch  of  the  aorta,  and  con- 
ributes  to  form  the  left  subclavian.  The  lowest  pair  is  entirely  oblite- 
rated on  the  right  side.  On  the  left  it  gives-off  the  pulmonary  artery, 
iid  remains  throughout  foetal  life  in  communication  with  the  aorta,  as 
he  Ductus  Arteriosus.* — A  knowledge  of  these  different  stages  in  the 
levelopment  of  the  Heart  and  Arterial  system  enables  us  to  explain 
nany  of  the  malformations  which  they  occasionally  present  in  Man ; 
hese  being  for  the  most  due  to  arrest  of  development,  whereby  the 
irculating  apparatus  is  permanently  fixed  in  conditions  that  are  pro- 
erly  characteristic  of  cold-blooded  animals.  And  it  is  interesting  to 
amark,  too,  that  the  varieties  which  not  unfrequently  present  them- 
jlves  in  the  arrangement  of  the  principal  trunks  given-off  from  the 
.orta,  find  their  analogues  in  the  arrangements  that  are  normally  cha- 
icteristic  of  some  or  other  of  the  Mammalia. 

792.  The  Venous  system  of  the  body  generally,  undergoes  changes 
I  hich  are  even  more  remarkable  than  those  of  the  arterial  trunks.    In  its 
irliest  condition,  it  has  been  ascertained  by  Eathkef  to  present  essentially 
ie  same  type  in  the  embryoes  of  all  Vertebrated  animals  ;  the  peculiari- 
es  of  each  group  being  acquired  by  a  process  of  subsequent  transforma- 
on.  There  is  at  first  a  pair  of  anterior  venous  trunks  (Figs.  249,  250,  g,  g'), 
ceiving  the  blood  from  the  head,  and  a  pair  of  posterior  trunks  (k,  k'), 
rmed  by  the  confluence  of  the  veins  of  the  trunk,  of  the  Wolffian  bodies, 
c. ;  the  former  are  persistent  as  the  jugular  veins ;  the  latter  remain 
parate  in  most  Fishes,  where  they  are  designated  the  cardinal  veins ;  but 
Man  (as  in  warm-blooded  Vertebrata  generally),  they  are  only  repre- 
nted  by  the  vence  azygos,  major  and  minor. ;f  which  coalesce  into  a  com- 
:>n  trunk  for  a  considerable  part  of  their  length.    One  of  the  anterior 
inks  and  one  of  the  posterior  unite  on  either  side,  to  form  a  canal  which 
\\  known  as  the  Ductus  Cuvieri ;  and  the  ducts  of  the  two  sides  coalesce 
! :  form  a  shorter  main  canal,  which  enters  the  auricle,  at  that  time  an  un- 
f  vided  cavity.     This  common  canal  is  absorbed  into  the  auricle  at  an 
I rly  period,  in  all  Vertebrata  above  Fishes;  and  after  the  septum  auri- 
l  lorum  is  formed,  the  two  Cuvierian  ducts  separately  enter  the  right 
wricle.    This  arrangement  is  persistent  in  Birds  and  the  inferior  Mam- 
Ids,  in  which  we  find  two  Vena?  Cavae  superiores,  entering  the  right 
rricle  separately ;  but  in  the  higher  Mammalia  and  in  Man,  the  left  duct 
•obliterated,  and  the  right  alone  remains  as  the  single  Vena  Cava  superior, 
Jjfcransverse  communicating  branch  being  formed,  to  bring  to  it  the 
Slood  of  the  left  side.§    The  double  Vena  Cava  sometimes  presents  itself 
|ia  monstrosity  in  the  Human  subject.    As  the  anterior  extremities  are 
I  f eloped,  the  subclavian  veins  are  formed  to  return  the  blood  from  them ; 
1  1  these  discharge  themselves  into  the  jugulars.  The  Omphalo-Mesen- 

I  '  Kolliker,  "  Entwickclnngsgeschiclite  dcs  Menschen,"  p.  409. 

I '  "Ucber  den  Bau  und  die  Entwickelung  des  Venensystems  der  Wirbelthicre,"  1838. 

See  Miiller's  "  Vergleichende  Anatomie  der  Myxinoiden,"  Berlin,  1840. 
i  |  -  Sec  the  elaborate  Memoirs  '  On  the  Development  of  the  Great  Anterior  Veins  of 
|i  and  Mammalia'  ("Phil.  Trans.,"  1850),  by  Mr.  J.  Marshall ;  who  has  further 
wn  that  eome  vestiges  of  the  original  arrangement  may  be  traced  even  in  the 
nial  condition  of  the  venous  system  in  the  adult. 

3  L 
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Fig.  252. 


Diagram  of  the  Fcetal  Circulation: — 1.  The  um- 
bilical cord,  consisting  of  the  umbilical  vein  and 
two  umbilical  arteries,  proceeding  from  the  pla- 
centa (2).  3.  The  umbilical  vein  dividing  into 
three  branches ;  two  (4,  4)  to  be  distributed  to 
the  liver,  and  one  (5),  the  ductus  venosus,  which 
enters  the  inferior  vena  cava  (6).  7.  The  portal 
vein,  returning  the  blood  from  the  intestines,  and 
uniting  with  the  right  hepatic  branch.  8.  The 
right  auricle ;  the  course  of  the  blood  is  denoted 
by  the  arrow  proceeding  from  8,  to  9,  the  left 
auricle.  10.  The  left  ventricle ;  the  blood  follow- 
ing the  arrow  to  the  arch  of  the  aorta  (11),  to  be 
distributed  through  the  branches  given-off  by 
the  arch  to  the  head  and  upper  extremities. 
The  arrows  12  and  13  represent  the  return  of 
the  blood  from  the  head  and  upper  extremities  through  the  jugular  and  subclavian  veins  to  ino 
superior  vena  cava  (14),  to  the  right  auricle  (8),  and  in  the  course  of  the  arrow  through  tne  ngu 
ventricle  (15),  to  the  pulmonary  artery  (16).  17.  The  ductus  arteriosus,  which  appears  io 
a  proper  continuation  of  the  pulmonary  artery;  the  offsets  at  each  side  are  the  right  aim  mi  p 
 t.  j.  -tr    mL/j...!  "Li.  .---t-i   j„„  .i;  i .,  lis   18).  which  divides 


teric  vein  (Fig.  249,  q),  which  has 
been  already  (§  787)  shown  to  be 
formed  by  the  confluence  of  the 
veins  of  the  yolk-bag  and  intestinal 
canal,  passes  by  itself,  with  the  two 
Cuvierian  ducts,  into  the  auricle. 
The  upper  part  of  this  remains  to 
constitute  the  upper  part  of  the 
Inferior  Cava  (Figs.  249,  250,,;'), 
the  lower  portion  of  which  arises 
between  the  Wolffian  bodies,  and 
originally  enters  the  omphalo-me- 
senteric  vein  above  the  liver.  The 
Inferior  Cava,  which  receives  the 
hepatic  vein,  is  gradually  enlarged 
by  the  reception  of  most  of  the 
veins  from  the  inferior  part  of  the 
trunk  and  the  lower  extremities, 
and  the  Vena  Azygos  is  reduced  in 
the  same  proportion  ;  in  some  rare 
cases  of  abnormal  formation,  how- 
ever, the  vena  cava  fails  to  be  de- 
veloped, and  then  the  blood  from 
the  lower  parts  of  the  body  is 
conveyed  to  the  superior  cava 
through  the  system  of  the  vena 
azygos. 

793.  The  following  is  the  course 
of  the  Circulation  in  the  mature 
Foetus. — The  fluid  brought  from 
the  Placenta  by  the  umbilical  vein, 
is  partly  conveyed  at  once  to  the 
ascending  Cava  by  means  of  the 
ductus  venosus,  but  chiefly  flows 
through  the  vena  porta?  into  the 
Liver,  whence  it  reaches  the  as- 
cending Cava  by  the  hepatic  vein. 
Having  thus  been  transmitted 
through  the  great  depurating  organ, 
the  Placenta,  and  the  great  assi- 
milating organ,  the  Liver  *  it  is  m 


monary  arteries  cut  off.  The  ductus  arteriosus  joins  the  descending  aorta  (18,  18),  which 
into  the  common  iliacs,  and  these  into  the  internal  iliacs,  which  become  the  umbilical  ariei  ie  .  . 
and  return  the  blood  along  the  umbilical-cord  to  the  placenta,  and  the  external  iliacs  (-<>  .  » 
are  continued  into  the  lower  extremities.  The  arrows  at  the  termination  ot  tuese  vessew 
the  return  of  the  venous  blood  by  the  veins  to  the  inferior  cava 


getically 
blood  appesi 
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the  condition  of  arterial  blood ;  but,  being  mixed  in  the  great  vessels 
with  that  which  has  been  returned  from  the  trunk  and  lower  extremi- 
ties, it  loses  this  character  in  some  degree,  by  the  time  that  it  arrives 
at  the  Heart.    In  the  right  auricle,  which  it  then  enters,  it  would  be 
also  mixed  with  the  venous  blood  brought  thither  by  the  descending 
Cava;  were  it  not  that  a  very  curious  provision  exists  to  prevent  (in 
great  degree,  if  not  entirely)  any  such  further  dilution.   The  Eustachian 
valve  has  been  found,  by  the  experiments  of  Dr.  J.  Keid,*  to  serve  the 
purpose  of  directing  the  arterial  blood,  which  flows  upwards  from  the 
ascending  Cava,  through  the  foramen  ovale,  into  the  left  auricle,  whence 
it  passes  into  the  left  ventricle ;  whilst  it  also  directs  the  venous  blood, 
that  has  been  returned  by  the  descending  Cava,  into  the  right  ven- 
tricle.    When  the  ventricles  contract,  the  arterial  blood  which  the 
left  contains  is  propelled  into  the  ascending  Aorta,  and  supplies  the 
branches  that  proceed  to  the  head  and  upper  extremities,  before  it 
undergoes  any  admixture;    whilst  of  the  venous  blood  contained  in 
the  right  ventricle,  part  is  transmitted  by  the  Pulmonary  artery  to  the 
lungs,  but  another  (and  probably  by  far  the  larger)  part  finds  its  way 
through  the  Ductus  Arteriosus  into  the  descending  Aorta,  mingling  with 
the  arterial  current  which  that  vessel  previously  conveyed,  and  passing 
thus  to  the  trunk  and  lower  extremities.  Hence  the  head  and  superior 
extremities,  whose  development  is  required  to  be  in  advance  of  that  of  the 
lower,  are  supplied  with  blood  nearly  as  pure  as  that  which  returns  from 
h,he  placenta ;  whilst  the  rest  of  the  body  receives  a  mixture  of  this  with 
what  has  previously  circulated  through  the  system  ;  and  of  this  mixture 
i  portion  is  transmitted  to  the  placenta,  to  be  renovated  by  coming  into 
•elation  with  the  maternal  fluid. — At  birth  the  course  of  the  current  is 
■ntirely  changed  by  the  cessation  of  the  circulation  through  the  Placenta, 
ind  by  the  enormous  increase  in  the  quantity  transmitted  to  the  Lungs, 
vhich  takes-place  immediately  on  the  first  inspiration :    the  Ductus 
Yenosus  and  Ductus  Arteriosus  soon  shrivel  into  ligaments  ;  the  Fora- 
i  nen  Ovale  becomes  closed  by  its  valve ;  and  the  circulation  which  was 
efore  carried  on  upon  the  plan  of  that  of  the  higher  Eeptiles,  now  be- 
omes  that  of  the  complete  Bird  or  Mammal,  j1    It  is  by  no  means  unfre- 
uent,  however,  for  some  arrest  of  development  to  prevent  the  completion 
f  these  changes;  and  various  malformations,  involving  an  imperfect 
ischarge  of  the  function,  may  hence  result.    From  the  above  descrip- 
|  ion  it  is  obvious  that  the  chief  propelling  power  in  the  circulation  of  the 
'cetus  is  the  right  heart;  tne  force  of  the  left  heart  being  chiefly 
^ent  in  effecting  a  due  supply  of  blood  to  the  head  and  upper  ex- 

['  *  "Edinb.  Med.  and  Surg.  Journal,"  vol.  xliii. ;  and  "Anat.,  Physiol.,  and  Pathol. 
I  esearches,"  chap.  ix. 

t  H  has  been  argued  by  Dr.  Peaslee  (of  Dartmouth  College,  U.S.),  that  the^  above 
[  :count  is  incorrect,  since  the  diameter  of  the  Ductus  Arteriosus  is  so  small  in  pro- 
i  >rtion  to  that  of  the  Pulmonary  arteries,  that  it  can  serve  no  other  purpose  than  that 
I  a  •  waste-pipe'  to  carry-off  the  superfluous  blood  which  they  cannot  receive.  But 
I  '  supposes  the  amount  of  blood  transmitted  through  these  vessels  respectively,  to  be 
1  liefly  or  entirely  determined  by  their  respective  diameters ;  and  takes  no  account  of 
1  e  numerous  facts  which  prove  that  the  quantity  of  blood  transmitted  to  the  lungs 
1  fore  birth,  is  extremely  small  in  proportion  to  that  which  they  receive  so  soon  as 
I  e  respiratory  function  'is  fully  established.  See  his  1  Monograph  on  the  Foetal  Cir- 
■uation,'  in  "  American  Medical  Monthly,"  May,  1854. 
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tremities :  and  a  curious  observation  of  Langer*  is  in  accordance 
with  this,  for  he  has  shown  that  the  walls  of  the  right  ventricle  in  the 

foetus  are  as  thick 


Fig«  253. 


as 


those  of  the  left,  whilst 
those  of  the  right  auricle 
are  even  thicker  and 
more  muscular  than 
those  of  the  left  auricle. 
This  condition  lasts  for 
some  days  after  birth, 
when  the  left  heart  gra- 
dually attains  the  supe- 
riority in  thickness  which 
is  usual  in  adults. 

794.  The  Alimentary 
Canal  has  been  shown 
(§787)  to  have  its  origin 
in  the  blastodermic  vesi- 
cle ;  being  a  portion 
pinched  off"  (as  it  were) 
from  that  part  of  it 
which  is  just  beneath 
the  spinal  column  of  the 
embryo,  whilst  the  re- 
mainder, which  is  at  that 
time  the  largest  part  of 
it,  forms  the  vitelline  or 
umbilical  vesicle;  In  its 
earliest  form  it  is  merely 

part  of  a  long  narrow  tube  (Fig.  253,  in),  nearly  straight,  and  com- 
municating with  the  umbilical  vesicle  (??,  n)  at  about  the  middle  of  its 
length  ;  thus  it  may  be  regarded  as  composed  of  the  union  of  two  divi- 
sions, an  upper  and  a  lower.  At  first,  neither  mouth  nor  anus  exists ; 
bnt  these  are  formed  early  in  the  second  month,  if  not  before.  The 
tube  gradually  manifests  a  distinction  into  its  special  parts,  oesophagus, 
stomach,  small  intestine,  and  large  intestine ;  and  the  first  change  in  its 
position  occurs  in  the  stomach,  which,  originally  disposed  in  the  line  of 
the  body,  afterwards  takes  an  oblique  direction.  The  curves  of  the 
large  and  small  intestine  present  themselves  at  a  later  period.  It  is  at 
the  lower  part  of  the  small  intestine,  near  its  termination  in  the  large, 
that  the  entrance  of  the  vitelline  duct  persists ;  and  a  remnant  of  this 
canal  is  not  unfrequently  preserved  throughout  life,  in  the  form  ol  a 
small  pouch  or  diverticulum  from  that  part  of  the  intestine. 

795.  In  immediate  connection  with  the  intestinal  tube,  we  find  tae 
first  rudiments  of  the  Liver,  which  is  formed  in  the  third  week  by  the 
thickening  of  the  cells  in  the  wall  of  the  canal,  at  the  spot  at  which  the 
hepatic  duct  is  subsequently  to  discharge  itself.  This  tn'c^em,U^a1u-(j 
creases,  so  as  to  form  a  projection  upon  the  exterior  of  the  canal, 
soon  afterwards  the  lining  membrane  of  the  intestine  dips-down  into  i  , 
so  that  a  kind  of  caacum  is  formed,  surrounded  by  a  mass  of  ceils,  .  - 

*  'Zur  Anatomic  der  Fotalen  Kreislauforgane,'  "Zeits.  der  Gesell.  d.  Wien,  x"1- 
p.  328. 


Embryo  ofZ)  a,  25  days  after  lust  copulation :—  a,  a,  nostrils; 
b,  b,  eyes;  c,  c,  lirst  visceral  arches,  forming  the  lower  jaw; 
d,  </,  second  visceral  arches;  e,  right  auricle;  /;  left  auricle; 
(/,  right  ventricle ;  h,  left  ventricle;  t,  aortic  bulb;  k,  k,  liver, 
between  the  two  lobes  of  which  is  seen  the  divided  orifice  of 
the  oinpha'o-mesenteric  vein  ;  I,  stomach;  m, intestine,  commu- 
nicating with  the  umbilical  vesiclo,  n,n ;  o,  o,  corpora  Wolffiana; 
p,  allantois ;  q,  q,  anterior  extremities  ;  r,  r,  posterior  extre- 
mities. 
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Origin  of  the  Liver  from  the  intestinal  wall,  in  the 
embryo  of  the  Fowl,  on  the  fourth  day  of  incubation  : 
— a,  heart;  b,  intestine;  c,  everted  portion  giving 
origin  to  liver ;  d,  liver  j  e,  portion  of  vitelline  vesicle. 


hown  in  Fig.  254.  The  increase  of  the  organs  seems  to  take-place  by 
i  continual  new  budding-forth  of  cells  from  its  peripheral  portion ;  and 
>  considerable  mass    is  thus 

brmed,  before  the  caecum  in  its  Fig.  254. 

nterior  undergoes  any  exten- 
sion by  ramifications  into  it. 
Gradually,  however,  the  cells  of 
he  exterior  become  metamor- 
)hosed  into  fibrous  tissue  for 
i  he  investment  of  the  organ ; 
hose  of  the  interior  break-down 
nto  ducts,   which    are  de- 
/eloped  in  continuity  with  the 
cecum  derived  from  the  intes- 
ine,  and  which  are  lined  by 
muscular   and    fibrous  tissues 
'eveloped  from  the  primitive 

.  ellular  blastema ;  whilst  those  which  occupy  the  intervening  space, 
L,nd  which  form  the  bulk  of  the  gland,  give  origin  to  the  proper 
ecreting  cells,  which  are  now  to  come  into  active  operation.    As  this 
1 3  going-on,  the  hepatic  mass  is  gradtially  removed  to  a  distance  from 
>he  wall  of  the  alimentary  canal;   and  the  caecum  is  narrowed  and 
Bngthened,  so  as  to  become  a  mere  connecting  pedicle,  forming,  in  fact, 
lhe  main  trunk  of  the  hepatic  duct. — In  the  Human  embryo,  the  for- 
mation of  the  Liver  begins  at  about  the  third  week  of  intra-uterine 
i  xistence ;  the  organ  is  from  the  first  of  very  large  size,  when  com- 
p  ared  with  that  of  the  body  ■  and  between  the  third  and  the  fifth  weeks, 
;  is  one-half  the  weight  of  the  entire  embryo.    It  is  at  that  period 
i  ivided  into  several  lobes.   By  the  third  lunar  month,  the  liver  extends 

early  to  the  pelvis,  and  almost  fills  the  abdomen ;  the  right  side  now 
e  egins  to  gain  upon  the  left :  the  gall-bladder  makes  its  first  appearance 

:  this  time.  The  subsequent  changes  chiefly  consist  in  the  consolida- 
|  on  of  the  viscus,  and  the  diminution  of  its  proportional  size.  Up  to 
I  ie  period  of  birth,  however,  the  bulk  of  the  liver,  relatively  to  that  of 
h  ie  entire  body,  is  much  greater  than  in  the  adult ;  the  proportion  being 
M  1  to  18  or  20  in  the  new-born  child,  whilst  it  is  about  1  to  36  in  the 
I  lult ;  and  the  difference  between  the  right  and  left  lobes  is  still  incon- 
b  derable.  During  the  first  year  of  extra-uterine  life,  however,  a  great 
I  bange  takes  place ;  the  right  lobe  increases  a  little  or  remains  stationary, 

hilst  the  left  lobe  undergoes  an  absolute  diminution,  being  reduced 
t  early  one-half ;  and  as,  during  the  same  period,  the  bulk  of  the  rest  of 
I  me  body  has  been  rapidly  increasing,  the  proportion  is  much  more  re- 
h  uced  during  that  period,  than  in  any  subsequent  one  of  the  same  length, 
f  -ccording  to  Meckel,  the  liver  of  the  newly-born  infant  weighs  one- 
I  )urth  heavier  than  that  of  a  child  eight  or  ten  months  old ;  and  as 

ie  weight  of  the  whole  body  is  more  than  doubled  during  the  same 
I  -me,  it  is  obvious  that  the  change  in  the  proportion  of  the  two  must 
J  e  principally  effected  at  this  epoch.  The  liver  seems  to  be  en- 
I  aged  during  foetal  life,  in  the  depuration  of  the  blood  (as  appears 
I  -om  the  accumulation  of  meconium,  which  is  chiefly  altered  bile,  in 

ie  intestinal  canal  at  birth)  ;  but  at  the  same  time  it  is  serving 
I  s  a  blood-making  organ  (§  178),  and  this  is  probably  its  prin- 
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cipal  function  before  birth.  The  general  history  which  has  just  been 
given  of  the  development  of  the  Liver,  seems  equally  applicable  to  the 
other  glands  that  are  evolved  from  the  parietes  of  the  Alimentary  canal 
such  as  the  Salivary  glands  and  Pancreas ;  since  they  all  seem  to  com- 
mence in  little  masses  of  cells,  formed  by  an  increased  development,  al 
certain  spots,  of  the  layer  of  blastema  which  originally  constitutes  its 
wall ;  and  whilst  some  of  these  cells  give  origin  to  the  proper  vesicles  of 

each  gland,  others  form  its  ducts  and  tubuli  by  their  deliquescence.  

The  development  of  the  Spleen  and  of  the  Supra-Renal,  Thymus,  and 
Thyroid  bodies,  has  been  already  described  (§§  152-157). 

796.  The  Lungs  are  also  developed  in  immediate  relation  with  the 
upper  part  of  the  Alimentary  canal,  their  first  rudiments  shooting-forth 
as  a  pair  of  bud-like  processes  (Fig.  255,  a)  from  its  oesophageal  portion. 
These  were  originally  described  by  Von  Bar  as  hollow,  and  as  being  in 
reality  diverticula  from  the  tube  itself.  But  most  later  observers  agree 
in  Btating  that  the  bud-like  processes  .are  not  at  first  hollow,  but  are 
solid  aggregations  of  cells,  formed  by  a  multiplication  of  the  cells  con- 
stituting the  external  wall  of  the  alimentary  tube,  into  which  its  internal 
tunic  is  not  prolonged.  These  gradually  increase  in  size,  extending 
downwards  by  the  multiplication  of  their  component  cells  in  that  direc- 
tion; and  cavities  are  formed  in  them  (probably,  as  in  the  preceding 
instances,  by  the  deliquescence  or  fusion  of  some  of  the  cells  of  their 

interior),  which  at  first  com- 
Fjo.  255.  municate  with  the  pharynx  by 

separate  apertures ;  these,  how- 
ever, coalesce  into  one,  as  the 
channels  are  elongated  into  tubes, 
and  the  pulmonary  organs  are 


removed  to  a  distance  from  their 
point  of  exit. — The  first  appear- 
ance of  the  Lungs,  in  the  Human 
embryo,  takes-place  at  about  the 

First  appearance  of  the  Lungs:— a,  in  a  Fowl  at  r>.i  Wf>pk  it  which  time  they  are 
four  days  ;  b,  in  a  Fotol  at  six  days;  c,  termination     bm  weeK>  at  wllltu  ' liu,c       J  , 

of  bronchus  in  a  very  young  pig.  simple  elevations  of  the  external 

layer  of  the  oesophageal  wall; 
from  this,  however,  they  are  soon  removed;  each  rudimentary  lunghaving 
its  own  bronchial  tube,  connecting  it  with  a  trachea  common  to  both 
(Fig.  255,  b).    Their  surface  becomes  studded  with  numerous  little  wart- 
like projections,  which  are  caused  by  the  formation  of  corresponding  en- 
largements of  their  cavity ;  these  enlargements  soon  become  prolonged,.™ 
develope  corresponding  bud-like  enlargements  from  their  sides;  an  m 
this  manner  the  form  of  the  organs  is  gradually  changed,  a  progressive  in- 
crease in  their  bulk  taking-place  from  above  downwards,  in  consequent 
of  the  extension  of  the  bronchial  ramifications  of  the  single  tube  at^ 
apex.  At  the  same  time,  however,  a  corresponding  increase  in  the  ^ 
of  the  parenchymatous  tissue  of  the  lung  is  taking  place  ;  for  this  i 
posited  in  all  the  interstices  between  the  bronchial  ramification s,  ^ 
might  be  compared  with  the  soil  filling-iip  the  spaces  amongst  the 
a  tree.    It  is  in  this  parenchyma  that  the  pulmonary  vessels  aie 
buted ;  and  the  portion  of  it  which  extends  beyond  the  termination  ^ 
bronchial  tubes,  seems  to  act  as  the  nidus  for  their  iurther  extension, 
be  easily  shown  thai  ,  up  to  a  late  period  of  the  development  oi 


e 
can 
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the  dilated  terminations  of  the  bronchi  constitute  the  only  air-cells, 
(Fig.  255,  c)  ;  but,  as  already  mentioned,  the  parenchyma  subsequently 
lias  additional  cavities  formed  within  it. — It  is  a  fact  of  some  interest 
as  an  example  of  the  tendency  of  certain  diseased  conditions  to  produce 
a  return  to  forms  which  are  natural  to  the  foetal  organism,  or  which 
present  themselves  in  other  animals,  that  up  to  a  late  period  in  the  de- 
velopment of  the  Human  embryo,  the  lungs  do  not  nearly  fill  the  cavity 
of  the  chest,  and  the  pleuraof  each  side  contains  a  good  deal  of  serous  fluid. 

707.  The  embryological  development  of  the  Urinary  organs  in  Ver- 
tebrated  animals  is  a  subject  of  peculiar  interest ;  owing  to  the  corre- 
spondence which  may  be  traced  between  the  transitory  forms  they  pre- 
sent in  the  higher  classes,  and  their  permanent  condition  in  the  lower. 
In  this  respect,  there  is  an  evident  analogy  with  the  Respiratory  system. 
The  first  appearance  of  anything  resembling  a  Urinary  apparatus  in  the 
Chick,  is  seen  on  the  second-half  of  the  third  day.    The  form  at  that 
time  presented  by  it,  is  that  of  a  long  canal,  extending  on  each  side  of  the 
spinal  column,  from  the  region  of  the  heart,  towards  the  allantois  (Fig. 
253,  o,  o,  seen  also  in  transverse  section  in  Fig.  243,  ung) ;  on  the  sides  of 
this  are  a  series  of  elevations  and  depressions,  indicative  of  the  incipient 
development  of  cseca.  On  the  4th  day,  the  Corpora  Wolffiana,  as  they  are 
then  termed,  are  distinctly  recognized  as  composed  of  a  series  of  ca?cal 
appendages,  which  are  attached  along  the  whole  course  of  the  first-men- 
tioned canal,  opening  into  its  outer  side  (Fig.  256,  a),  and  clearly  deve- 
loped from  the  middle  lamina  of  the  blastodermic  vesicle  (Figs.  243,  258). 
On  the  5th  day  these  appendages  are  convoluted,  and  the  body  which 
they  form  acquires  increased  breadth  and  thickness ;  they  evidently  then 
possess  a  secreting  function,  and  the  fluid  which 
they  separate  is  poured  by  their  long  straight 
:anals  (b,      known  as  Midler's  ducts,  into  the 
iloaca ;  and  between  their  component  shut  sacs, 
cumbers  of  small  points  appear,  which  consist 
)f  little  clusters  of  convoluted  vessels,  exactly 
inalogous  to  the  Corpora  Malpighiana  of  the 
;rue  kidney.    These  bodies  remain  as  the  per- 
manent urinary  organs  of  Fishes ;  but  in  the 
figher  Vertebrata  they  give  place  to  the  true 
Sidneys,  the  development  of  which  commences 
n  the  Chick  about  the  6th  day.    These  when 
irst  seen,  are  lobulated  greyish  masses  (c),  which 
seem  to  sprout  from  the  outer  edges  of  the 
►Volffian  bodies,  but  which  are  really  indepen- 
lent  formations,  springing   from   a  mass  of 
blastema  behind  them ;  and  as  they  gradually 
ncrease  in  size  and  advance  in  development,  the 
W  olffian  bodies  retrograde  ;  so  that  at  the  end 
>f  foetal  life,  the  only  vestige  of  them  is  to  be 
ound  as  a  shrunk  rudiment,  situated  (in  the 
»ale)  near  the  testes,  to  which  their  excretory  ducts  serve  as  the 
Hitlets,  becoming  the  1  vasa  deferentia.'  —  The  history  of  the  deve- 
opment  of  the  Urinary  organs  in  the  human  embryo,  seems  to  cor- 
respond closely  with  the  foregoing.     The  Wolffian  bodies  begin  to 
!  appear  towards  the  end  of  the  first  month  ;  and  it  is  in  the  course  of 


Fig.  256. 


State  of  the  Urinary  and 
Genital  Apparatus  in  the  early 
embryo  of  the  Bird : — a,  oor- 
pora  Wolfllana ;  b,  h,  their  ex- 
cretory ducts;  c,  kidneys;  d, 
ureter;  e,  e,  testes. 
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the  7th  week,  that  the  true  Kidneys  first  present  themselves.  When  at 
their  greatest  development,  the  Corpora  Wolffiana  are  the  most  vascular 
parts  of  the  body  next  to  the  liver;  four  or  five  branches  from  the  aorta  are 
distributed  to  each,  and  two  veins  are  returned  from  each  to  the  vena 
cava.  The  upper  arteries  and  their  corresponding  veins  are  afterwards 
converted  into  the  Renal  or  emulgent  vessels ;  and  the  lower  into  the 
Spermatic  vessels.  From  the  beginning  of  the  3rd  month,  a  diminution 
takes-place  in  the  size  of  the  Wolffian  bodies,  pari  passu  with  the  in- 
crease of  the  Kidneys ;  and  at  the  time  of  birth  scarcely  any  traces  of 
the  former  can  be  found.  At  the  end  of  the  3rd  month,  the  Kidneys 
consist  of  seven  or  eight  lobes,  the  future  pyramids ;  their  excretory 
ducts  still  terminate  in  the  canal,  the  sinus  urogenilalis,  which  receives 
those  of  the  Wolffian  bodies  (subsequently  to  become  the  vasa  deferentia), 
and  of  the  Fallopian  tubes;*  and  this  opens,  with  the  rectum,  into  a 
sort  of  Cloaca,  analogous  to  that  which  is  permanent  in  the  oviparous 
Vertebrata.  The  Kidneys  are  at  this  time  covered  by  the  Supra-Benal 
capsules,  which  equal  them  in  size ;  about  the  6th  month,  however, 
these  have  decreased,  Avhilst  the  kidneys  have  increased,  so  that  their 
proportional  weight  is  as  1  to  2£.  At  birth,  the  weight  of  the  Kidneys 
is  about  three  times  that  of  the  Supra-Renal  capsules,  and  they  bear  to 
the  whole  body  the  proportion  of  1  to  80  ;  in  the  adult,  however,  they 
are  no  more  than  1  to  240.  The  lobulated  appearance  of  the  kidney 
gradually  disappears;  partly  in  consequence  of  the  condensation  of  the 
areolar  tissue  which  connects  its  different  portions,  and  partly  through 
the  development  of  additional  tubuli  in  the  interstices. — The  Urinary 
Bladder  is  formed  quite  independently  of  the  secreting  apparatus,  being 
an  enlargement  of  a  portion  of  the  pars  urinaria  of  the  '  uro-genital 
sinus'  (§  799). 

798.  The  essential  parts  of  the  Generative  Apparatus,  namely  the 
Testes  in  the  male,  and  the  Ovaria  in  the  female,  are  first  developed  in 
such  immediate  proximity  with  the  Corpora  Wolffiana  (Fig.  256,  e,  e), 
that  they  have  been  supposed  to  sprout-forth  from  them  ;  this,  however, 
is  not  really  the  case,  as  they  have  an  independent  origin  in  a  mass  of 
blastema  peculiar  to  themselves.  They  make  their  first  appearance  m 
the  Chick,  as  delicate  stria?  on  the  Wolffian  bodies,  about  the  fourth  day; 
at  which  period  no  difference  can  be  detected  between  the  Testes  and  the 
Ovaria,  which  originate  in  precisely  the  same  manner.  In  the  Human 
embryo,  the  rudiments  of  the  sexual  organs, — whether  testes  or  ovaria, 
first  present  themselves  soon  after  the  kidneys  make  their  appearance, 
that  is,  towards  the  end  of  the  7th  week.  They  are  originally  much  pro- 
longed, and  seem  to  consist  of  a  kind  of  soft,  homogeneous  blastema,  m 
which  the  structure  characteristic  of  each  organ  subsequently  developes 
itself.  The  Testis  gradually  assumes  its  permanent  form ;  the  epididymis 
appears  in  the  tenth  week  ;  and  the  gubernaculum  (a  membranous  pro- 


*  Although  it  has  heen  usually  considered  that  the  Vasa  Deferentia  of  the  ^ 
and  the  Fallopian  tubes  of  the  female  are  homologous  organs,  yet  this  does  u  ^ 
really  to  be  the  case;  for  the  former  are  derived  from  the  excretory  auo  ^ 
Wolffian  bodies,  whilst  the  latter  are  independent  formations  which  <yc  °"  female 
exist  with  seminal  ducts  at  an  early  period  of  development,  alike  u 
embry 
d  nets 
most 
and  Fig. 
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■ess  from  the  filamentous  tissue  of  the  scrotum,  analogous  to  the  round 
igament  arising  from  the  labium  and  attached  to  the  ovary  in  the  female), 
vhich  is  originally  attached  to  the  vas  deferens,  gradually  fixes  itself  to 
he  lower  end  of  the  testis  or  epididymis.    The  Testes  begin  to  descend  at 
ibout  the  middle  period  of  pregnancy;  at  the  seventh  month  they  reach 
h«  inner  ring;  in  the  eighth  they  enter  the  passage  ;  and  in  the  ninth 
hey  usually  descend  into  the  scrotum.    The  cause  of  this  descent  is  not 
rery  clear  :  it  can  scarcely  be  due  merely,  as  some  have  supposed,  to  the 
:ontraction  of  the  gubernaculum ;  since  that  does  not  contain  any  fibrous 
tructure  until  after  the  lowering  of  the  testes  has  commenced.    It  is 
veil  known  that  the  testes  are  not  always  found  in  the  scrotum  at  the 
ime  of  birth,  even  at  the  full  period.    Upon  an  examination  of  97  new- 
iorn  infants,  Wrisberg  found  both  testes  in  the  scrotum  in  67,  one  or 
>oth  in  the  canal  in  17,  in  8  one  testis  in  the  abdomen,  and  in  3  both 
estes  within  the  cavity.    Sometimes  one  or  both  testes  remain  in  the 
bdomen  during  the  whole  of  life ;  but  this  circumstance  does  not  seem 
d  impair  their  function.*  This  condition  is  natural,  indeed,  in  the  Ram. 
-The  Ovary  undergoes  much  less  alteration,  either  in  its  intimate 
tructure,  or  in  its  position.    Its  efferent  canal  (which,  as  just  stated,  is 
ot  the  representative  of  the  vas  deferens  of  the  male)  remains  detached 
•om  it,  having  a  free  terminal  aperture,  and  thus  constituting  the  Fal- 
>pian  tube.  The  Uterus  (which  was  formerly  supposed  to  be  formed  by 
ie  coalescence  of  the  Fallopian  tubes),  is  now  known  to  be  derived,  like 
le  Vagina,  from  the  genital  portion  of  the  '  uro-genital  sinus'  (§  799), 
hich  is  formed  exactly  on  the  same  plan  in  both  sexes  alike,  at  an  early 
iriod  of  foetal  development,  and  receives  at  its  upper  extremity  the  ter- 
ination  of  the  Fallopian  tubes.    In  the  Female,  this  canal  increases  in 
ze ;  and  a  marked  separation  is  established  between  its  lower  or  vaginal 
irtion  and  its  upper  or  uterine  portion.     The  former  opens  into  the 
idivided  portion  of  the  uro-genital  sinus,  which  also  receives  the  ter- 
inations  of  the  urethra  and  of  the  Wolffian  ducts,  and  which  remains 
prmanently  unclosed.    In  the  Male,  on  the  other  hand,  the  sinus 
nitalis  makes  no  advance  in  development,  and  diminishes  in  relative 
|«e ;  so  that  at  the  period  of  foetal  maturity,  it  is  only  discoverable  as 
I  e  vesicula  prostatica,  which  has  been  supposed  until  recently  to  be  an 
I'pendage  to  the  prostate  gland.  A  transverse  constriction  in  this  canal 
larks-out  its  vaginal  from  its  uterine  portion  ;  the  former  having  exactly 
I  e  same  relation  as  in  the  female  to  the  terminations  of  the  urethra  and 
the  Wolffian  ducts  (vasa  defer entia)  in  the  1  uro-genital  sinus,'  which 
I  subsequently  closed-in,  however,  so  as  apparently  to  form  a  continua- 
pn  of  the  urethral  canal ;  and  the  latter,  in  those  Mammals  whose 
Inales  have  a  1  uterus  bicornis,'  exhibiting  a  bke  divarication  into  two 
eral  halves.  J 

■  799.  The  history  of  the  development  of  the  external  Organs  of  Gene- 
|  !wn  in  the  two  sexes,  presents  matter  of  great  interest,  from  the  light 

I  :  A  case  occurred  within  the  Author's  knowledge,  in  which  both  testes  remained 
1  -he  abdomen  until  the  tenth  year,  and  then  descended. 

I  '  See  Prof.  E.  Weber's  "  Zusatze  zur  Lehre  vom  Baue  und  den  Vernchtungen  der 
I  whlechtnorgane,"  Leipzig,  1846  ;  and  Dr.  Leuckart's  Art.  '  Vesicula  Prostatica'  in 
I  yclop.  of  Anat.  and  Physiol.,"  vol.  iv.— It  was  supposed  by  Prof.  Weber,  that  the 
I  tcula  prostatica  is  the  homologuc  of  the  uterus  alone  ;  but  the  Author  considers  it 
I  have  been  satisfactorily  established  by  the  researches  of  Dr.  Lcuckart,  that  it 
I  wers  to  the  uterus  and  vagina  conjointly. 
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which  is  thrown  by  a  knowledge  of  it  upon  the  malformations  of  these  I 
organs,  which  are  among  the  most  common  of  all  departures  from  the 
normal  type  of  Human  organization. — Not  only  is  the  distinction  of 
sexes  altogether  wanting  at  first ;  but  the  conformation  of  the  external 
parts  of  the  apparatus  is  originally  the  same  in  Man  and  the  higher  ! 
Mammalia  as  it  permanently  is  in  the  Oviparous  Vertebrata.  For,  about 
the  5th  or  6th  week  of  embryonic  life,  the  opening  of  a  cloaca  may  be 
seen  externally,  which  receives  the  termination  of  the  intestinal  canal 
the  ureters,  and  the  efferent  ducts  of  the  sexual  organs ;  but  at  the  10th 
or  11th  week,  the  anal  aperture  is  separated  from  that  of  the  genito- 
urinary canal  or  '  uro-genital  sinus,'  by  the  development  of  a  transverse 
band  ;  and  the  uro-genital  sinus  itself  is  gradually  separated  by  a  like 
process  of  division,  into  a  'pars  urinaria'  and  a  'pars  genitalis,'  the 
former  of  which,  extending  towards  the  urachus,  is  converted  into  the 
urinary  bladder.    A  partial  representation  of  this  phase  of  development 
is  found  in  the  permanent  condition  of  the  Struthious  Birds  and  of  the  j 
Implacental  Mammalia.    The  external  opening  of  this  canal  is  soon  ob- 
served to  be  bounded  by  two  folds  of  skin,  the  rudiments  of  the  iabia 
majora  in  the  female,  and  of  the  two  halves  of  the  scrotum  in  the  male ; 
whilst  between  and  in  front  of  these,  there  is  formed  an  erectile  body, 
surmounted  by  a  gland,  and  cleft  or  furrowed  along  its  under  surface. 
This  body  in  the  female  is  retracted  into  the  genito-urinary  canal,  and 
becomes  the  clitoris,  whilst  the  margins  of  its  furrow  are  converted  into  i 
the  nymphas  or  labia  minora  ;  and  these  bound  the  '  atrium  vaginae'  or  i 
'  vestibule,'  which  receives  the  orifices  of  the  urethra,  of  the  vagina,  and  I 
of  Gaertner's  canals  when  they  are  present,  and  which  exactly  represents,  I 
therefore,  the  '  sinus  genitalis' of  the  early  embryo.    In  the  male,  on  the  I 
other  hand,  this  sinus  is  nearly  closed-in  at  a  very  early  period,  by  the  I 
adhesion  of  the  two  folds  of  integument  which  bound  it,  forming  that  I 
portion  of  the  genito-urinary  canal  (improperly  termed  the  '  urethra,')  I 
which  receives  the  orifices  of  the  vesical  or  true  urethra,  of  the  genital 
sinus  (vesicula  prostatica),  and  of  the  vasa  deferentia ;  the  erectile  body  J 
increases  in  prominence,  and  becomes  the  penis  ;  whilst  the  margins  of  I 
the  furrow  at  its  under  surface  unite  (at  about  the  14th  week),  to  form  j 
the  anterior  continuation  of  the  now-contracted  genito-urinary  canal, 
which  is  commonly  termed  the  spongy  portion  of  the  urethra.  The 
following  table,  extracted  from  the  admirable  thesis  of  Dr.  W.  M.  Banks  * 
gives  clearly  the  origin  and  homologies  of  the  several  parts  of  the  urino- 
genital  system  in  the  two  sexes : — 


THE  WOLFFIAN  BODY  ITSELF. 

In  the  Female.  In  the  Male. 

Fragmentary  tubes  and  canalicules   dis-  Organ  of  Giraldes  and  some  of  the  tubules 

posed  in  the  neighbourhood  of  the  Par-  adhering  to  excretory  duct,  forming  me 

ovarium.  vasa  aberranlia. 

NEW  STRUCTURE  ON  SUMMIT  OF  WOLFFIAN  BODY. 
Parovarium.  Globus  major. 


*  Prize  Thesis,  Edinburgh,  1864.  "  On  the  Wolffian  bodies  of  the  Fa-jus,  and 
their  remains  in  the  Adult,  including  the  Development  of  the  Generative  bjstem. 
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muller's  DUCTS. 
In  the  Female.  In  the  Male. 

Ampulla  forms  the  fimbriated  end  of  the  Ampulla  forms  the  hydatid  of  Morgagni. 
Fallopian  tube. 

From  ampulla  to  round  ligament  forms  the  From  ampulla  to  gubernaculum  forms  small 
Fallopian  tube  itself.  cysts  running  from  the  hydatid  of  Mor- 

gagni down  the  side  of  the  epididymis. 

From  round  ligament  to  genital  cord  forms  From  gubernaculum  to  genital  cord  forms 
the  cornua  uteri.  cornua  of  the  organ  of  Weber. 

When  united  in  genital  cord  they  form  When  united  in  genital  cord  they  form  the 
the  uterus  and  vagina.  organ  of  Weber. 

EXCRETORY  DUCTS. 

Gaertuer's  canals.  Vas  deferens,  body  and  globus  minor  of 

epididymis. 

Diverticula  in  them.  Broad  and  sacculated  ends  of  the  vasa  de- 

ferentia. 

EXTERNAL  ORGANS. 
Clitoris.  Penis. 
Pars  intermedia.  Corpus  spongiosum. 

Labia  majora.  Scrotum. 
Bulbus  vestibuli.  Bulb. 

Labia  minora.  Cutaneous  covering  of  the  urethra. 

SINUS  URO-GENITALIS. 
Vestibulum  vaginae.  Membranous  portion  of  the  urethra,  and  a 

small  part  of  the  prostatic. 

800.  Now  in  a  large  proportion  of  cases  of  so-called  Hermaphrodism, 
there  has  been  either  a  want  of  completeness  in  the  development  of  the 
Male  organs,  so  that  they  present  a  greater  or  less  degree  of  resemblance 
to  those  of  the  female  ;  or  the  developmental  process  has  gone-on  to  an 
abnormal  extent  in  the  Female  organs,  so  that  they  come  to  present  a  cer- 
tain degree  of  resemblance  to  those  of  the  male. — One  of  the  most 
common  malformations  of  the  male  organ  is  '  hypospadias,'  or  an  ab- 
normal opening  of  the  urethra  at  the  base  of  the  penis,  arising  from  in- 
completeness in  the  closure  of  the  edges  of  its  original  furrow.  But 
when  the  developmental  process  has  been  checked  at  an  earlier  period, 
the  uro-genital  sinus  may  retain  more  nearly  its  original  character,  and 
may  have  a  wide  external  opening  beneath  the  root  of  the  penis,  so  as  to 
resemble  the  female  vagina,  whilst  the  penis  is  itself  destitute  of  any  trace 
of  the  urethral  canal ;  in  some  of  these  cases,  again,  the  testes  have  not 
descended  into  the  scrotum ;  whilst  the  absence  of  beard,  the  shrillness 
of  the  voice,  and  the  fulness  of  the  mammae,  have  contributed  to  impart 
a  feminine  character  to  these  individuals,  their  male  attributes,  however, 
being  determined  by  the  seminiferous  character  of  the  essential  organs, 
the  testes.* — In  the  female  organs,  on  the  other  hand,  a  greater  or  less 
degree  of  resemblance  to  those  of  the  male  may  be  produced  by  the  en- 
largement of  the  clitoris,  by  its  furrowing  or  complete  perforation  by  the 
Urethra,  by  the  closure  of  the  entrance  of  the  vagina  and  the  cohesion  of 
"f'  labia,  so  as  to  present  a  likeness  to  the  unfissured  perineum  and 
scrotum  of  the  male,  by  the  descent  of  the  ovaries  through  the  inguinal 
"ing  into  the  position  of  the  male  testes,  and  by  the  imperfect  develop- 

*  The  vesicula  prostatica  has  presented  an  unusual  development  in  some  of  these 
•ases;  see  Prof.  Weber  (loc.  cit.),  and  Prof.  Theilo's  'Account  of  a  Case  of  Hypo- 
xias,' in  Muller's  "  Archiv,"  1847. 
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ment  of  the  uterus  and  mammae ;  with  these  abnormalities  are  usually 
associated  roughness  of  the  voice  and  growth  of  hair  on  the  chin,  and  a 
psychical  character  more  or  less  virile. — True  Hermaphrodism,  in  which 
there  is  an  absolute  combination  of  the  essential  male  and  female  organs 
in  the  same  individual,  is  comparatively  rare.  It  may  occur  under  the 
forms  of  lateral  hermaphrodism,  in  which  there  is  a  genuine  ovary  on  one 
side  and  a  testis  on  the  other,  in  which  case  the  external  organs  are 
usually  those  of  a  hypospadic  male ;  transverse  hermaphrodism,  in  which 
the  external  and  internal  organs  do  not  correspond,  the  former  being 
male  and  the  latter  female,  or  vice  versd  ; — and  double  or  vertical  herma- 
phrodism, m  which  the  proper  organs  characteristic  of  one  sex  have 
existed,  with  the  addition  of  some  of  those  of  the  other ;  this  is  the 
rarest  of  all,  and  it  is  not  certain  that  the  coexistence  of  testes  and  ovaria 
on  the  same  side  has  ever  been  observed  in  the  Human  species.* 

801.  "We  have  now  to  follow  the  course  of  the  development  of  the 
principal  organs  of  Animal  life  ;  and  shall  first  notice  that  of  the  Skeleton. 
The  first  differentiation  of  parts  that  occurs  in  the  middle  lamina  of  the 
blastodermic  vesicle  (§  784)  is  the  formation  of  a  solid  cartilaginous  rod, 
termed  the  notochord  or  chorda  dorsalis  (c/t,  Fig.  257),  which  extends 
throughout  the  whole  length  of  the  future  vertebral  column,  and  along 
the  base  of  the  cranium  as  far  as  the  space  between  the  auditory  cap- 
sules, or  even  to  that  point  which  subsequently  becomes  the  pituitary 
fossa.  The  chorda  dorsalis  is  originally  composed  of  nucleated  cells, 
that  in  the  first  instance  lie  in  contact  with  one  another,  but  are  soon 

separated  by  the  de- 
Fio.  2  57 .  velopment  of  intercellu- 

lar substance  or  matrix, 
the  whole  being  en- 
closed by  a  delicate 
sheath.  The  chorda 
dorsalis,  though  perma- 
nent in  the  lowest 
fishes,  is  only  a  transi- 
tory structure  in  Man 
and  all  the  higher  Ver- 
tebrata.  Soon  after  the 
laying  down  of  this 
cartilaginous  rod,  the 
portion  of  the  middle 
lamina  which  immedi- 
ately surrounds  it  (uwp,  Fig.  257,  uw,  Fig. 258)  becomes  detached:  and 
in  the  portion  so  separated  the  first  rudiments  of  the  vertebra  aPPea* 
the  form  of  rings  surrounding  the  chorda  dorsalis.  More  external^  ^ 
middle  layer,  passing  outwards  and  downwards,  and  forming  w  _q 
known  as  the  Ventral  Lamina,  subdivides  into  two  by  a  split  or  ^ 
(ap),  which  is  the  first  indication  of  the  pleuro-pentoneal  ^^'^j, 


Transverse  section  through  the  Embryo  of  the  Chick  at 
the  close  of  the  first  day  of  incubation,  magnified  about  100 
diameters: — eh,  chorda  dorsalis:  h,  external  serous  or  corneal 
layer;  m,  medullary  portion  of  serous  layer;  Pv,  primitive 
groove  between  the  dorsal  laminae  Rf  and  m;  dd,  intestinal  epi- 
thelial or  glandular  layer  (mucous  layer) ;  uwp,  prevertebral 
mass,  in  which  the  primary  or  protovertebree  are  formed,  and 
which  is  continuous  with  the  middle  lamina,  sp;  wvh,  fissure  in 
the  middle  lamina,  presenting  the  first  indication  of  the  pleuro- 
peritoneal  cavity,  and  of  the  subsequent  division  of  the  middle 
amina  into  two  layers. 


r. 


external  or  parietal  layer  (hpl)  forming  the  walls  of  the  abdomen  ^ 
their  contained  structures,  and  ultimately  meeting  on  the  me a u 

i    •     ,-i      i  i        -i  +u„  wnv  that  the  uw«** 


and  enclosing  the  abdominal  cavity  in  the  same  way 

*  On  this  subject,  see  Prof.  Simpson's  Article  'Hermaphrodism'  in  the 
of  Anat.  and  Phys.,"  vol.  ii. 
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aminffi  enclose  the  spinal  cord,  whilst  the  inner  or  fibrous  layer  (df)  de- 
velops the  muscular  and  fibrous  layers  of  the  intestinal  canal,  the  inner- 
uost  layer  (dd)  producing  the  proper  epithelium  and  the  several  glands 
;onnected  with  the  intestine.  At  this  period  the  primitive  aortae  (ao)  and 
he  first  urinary  organs  or  Wolffian  bodies  (awh)  begin  to  be  formed. 
Chese  are  developed  in  the  material  situated  externally  to  the  chorda 
tcrsalis,  constituting  a  portion  of  the  middle  lamina  of  the  blastodermic 
•esicle  («u>,  Fig.  258),  which  now  becomes  separate  and  distinct  from  the 
emainder  of  the  middle  lamina.    Soon  after  this  period  the  prevertebral 
lasses  (tnv)  extend  themselves  so  as  to  embrace  the  chorda  dorsalis 
elow  and  the  spinal  cord  above  ;  the  part  where  the  two  sides  unite 
bove  being    called  by 
lathke  the  membrana  re- 
niens  superior,  or  mem- 
branous vertebral  arch.  A 
ortion  of  the  prevertebral 
,iass  also  insinuates  itself 
etween  the  chorda  dor- 
I  ilis  and  the  spinal  cord, 
!  >  that  the  former  is  en- 

■  rely  invested  by  it,  and  a 
j'  >mplete  vertebral  column 
||  formed,  though  still  only 
'  t mbranous, presenting  two 
|  bes,  the  one  posterior, 
r  rmed  by  the  arches,  and 

closing  the  spinal  cord,  the  other  anterior,  investing  the  chorda  dor- 
■i  lis.  In  the  membranous  arches  an  histological  differentiation  takes 
In  ace,  by  which,  on  the  other  hand,  the  cartilaginous  arches  are  de- 
I  doped,  and  on  the  other  the  anterior  and  posterior  roots  of  the  spinal 
•■•.rves  (v,  g,  Fig.  244). 

802.  The  formation  of  cartilage  constitutes  the  second  stage  of  the 
1  velopment  of  the  vertebral  column.  It  commences  about  the  6th 
I.  7th  week  of  foetal  life,  and  rapidly  extends  over  the  bodies  of  the 
•ltture  vertebra?,  so  that  already  in  the  8th  week,  a  complete  cartilaginous 
I  lumn  with  the  membranous  intervertebral  ligament  is  formed ;  the 

I  orda  dorsalis  now  becomes  attenuated  and  begins  to  disappear  in  the 
cli  dies  of  the  vertebra?  (Fig.  259),  whereas  it  still  remains  distinct  in 

I  3  Ligamenta  intervertebralia,  and  consequently  presents  a  moniliform 
!  |*pearance.    The  formation  of  cartilage,  which,  according  to  Robin,* 

I I  everywhere  developed  before  the  substance  of  the  brain  and  spinal 
1 1  :d,  takes  place  much  more  slowly  in  the  vertebral  arches,  not  being 
it>re  advanced  at  the  8th  week  than  is  shown  in  Fig.  260;  so  that  at 
>  I  s  period  the  medulla  spinalis  and  its  ganglia  are  only  covered  by  the 

I I  smbrana  reuniens  superior.  The  arches  first  meet  and  enclose  the 
[  I  dulla  in  the  dorsal  region  ;  in  the  4th  month  this  is  completed  through- 

I  t  the  column,  and,  except  in  the  coccygeal  region,  where  no  arches^are 

■  I  ^eloped,  the  form  of  the  future  vertebrae,  in  which  ossification  has 
j  I  eady  commenced,  is  perfect.  The  development  of  the  atlas  is  irre- 
:  I  Jar,  its  body,  which  is  originally  traversed  by  the  chorda  dorsalis,  as 

*  Kobin'8  «  Journal  dc  1' Anatomic,"  vol.  i.  1864,  pp.  274-299. 


Fig.  258. 


Transverse  section  made  through  the  Embryo  of  a 
Fowl  at  the  thirty-sixth  hour  of  incubation  x  100: — ch, 
chorda  dorsalis;  A,  external  lamina;  tar,  medullary  tube 
(spinal  cord) ;  dd,  intestinal  glandular  layer ;  aw,  preverte- 
bral mass ;  awh,  incipient  cavity  in  the  same;  sp,  split  in 
the  middle  lamina,  dividing  it  into  an  external  or  parietal 
lamina,  hpl,  and  an  internal  or  fibrous  layer,  df,  which  are 
connected  by  a  median  lamina,  mp.  The  position  of  the 
Wolffian  bodies  is  represented  by  ung,  and  of  the  primitive 
aorta  by  ao. 
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Fig.  259. 


Fjg.  260. 


cv 


eh 


Fig.  259. — Diagram  showing  the  attenuation  of  the  Chorda  Dorsalit  in 
the  middle  of  the  bodies  of  the  vertebrre  whilst  preserving  its  original 
diameter  in  the  invertebral  spaces: — ch,  chorda  dorsali»;  v,  body  of  ver- 
tebra ;  It,  intervertebral  substance. 

Fig.  260. — Diagram  showing  the  position  of  the  chorda  dorsalis  in  the 
body  of  the  vertebra  and  the  formation  of  the  neural  arohes  : — ch,  chorda 
dorBalis;  cv,  body  of  the  vertebra;  a,  neural  arch  or  neurapophysis ; 
c,  rib  j  pr,  transverse  process. 


shown  by  Rathke  and  Eobin,  becoming  connected,  not  with  its  proper 
arch,  but  with  the  body  of  the  axis  forming  the  odontoid  process  of  this 

vertebra.  The 
ossification  of  the 
vertebra  begins  at 
the  end  of  the  2nd 
or  the  beginning 
of  the  3rd  month, 
with  three  centres 
for  each  vertebra, 
one  for  the  body 
and  one  for  the 
arch  on  each  side. 
These  parts,  how- 
ever, do  not  unite 
till  the  second  year 
after  birth.  Ac- 
cessory centres  of 
ossification  are 
subsequently 
formed  at  the  tips 
of  the  spinous  and 

transverse  processes,  and  in  the  form  of  thin  leaves  at  the  upper  and  lower 
surfaces  of  the  bodies,  which  resemble  the  epiphyses  of  the  long  bones. 
The  cartilages  of  the  ribs  do  not  develope  at  once  in  their  whole  length, 
but  gradually  from  the  spine  towards  the  sternum.  Their  ossification  pro- 
ceeds contemporaneously  with  those  of  the  vertebra  from  one  centre  for 
each  rib,  the  anterior  extremities  of  the  upper  seven  uniting  together  to 
form  a  broad  cartilaginous  band,  which  constitutes  one  lateral  half  of  the 
sternum,  the  two  halves  subsequently  uniting  from  above  downwards. 
An  arrest  of  this  mode  of  development  explains  the  monstrosity  called 
'  Fissura   Sterni,'  a  case  of  which,  in  the  person  of  M.  Grovix,  ex- 
cited so  much  interest  in  this  country.     The  morphological  relations 
of  the  several  parts  constituting  the  shoulder  girdle  in  man  appear, 
according  to  the  investigations  of  Mr.  Parker,*  to  be  as  follows.  Be- 
ginning with  the  scapula,  the  thin  epiphyseal  ossification  running  along 
the  vertebral  border  is  the  supra-scapular  bone,  well  shown  as  segmented 
from  the  scapula  in  the  ray  and  sturgeon,  and  large,  but  not  quite  seg- 
mented off  from  the  scapula  proper  in  the  frogs.  The  whole  infra-spinous 
portion  of  the  bone  represents  the  scapula  proper,  forming  the  greater 
portion  of  the  scapula  of  the  bird,  but  best  differentiated  as  ;i  distinct 
bone  in  the  iguana  and  turtle.  The  acromion  process,  with  the  whole  ol 
the  spinous  process  constitutes  the  meso-scapula,  which  is  seen  partly  seg- 
mented from  the  body  of  the  scapula  in  the  pangolins,  but  is  well  shown 
also  in  the  iguana.  The  neck  of  the  bone,  and  the  articular  facet  forming 
the  glenoid  region  have  a  separate  internal  ossification  in  the  frog  and  toad. 
The  coracoid  process  forms  a  large  separate  bone  in  the  ovipara,  and  m 
monotremes,  of  which  only  the  part  corresponding  to  the  head  is  developed 

*  See  his  important  and  extensive  series  of  observations  in  the  '  Monograph  on  the 
Structure  and  Development  of  the  Shoulder  Girdle  and  Sternum  in  the  Verteuraia, 
1868,  published  by  the  Kay  Society. 
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in  the  human  subject,  which  speedily  coalesces  with  the  other  elements 
forming  the  scapula.  The  portion  of  bone  around  the  coracoid  notch, 
with  the  fore  part  of  the  supra-spinous  fossa  is  the  pras-scapula.  It  is  well 
seen  as  a  distinct  bar  above  the  glenoid  cavity  in  certain  lizards,  and 
exists  as  a  separate  cartilage,  even  in  the  cat.  The  cartilaginous  ex- 
tremities of  the  clavicle  are  remnants  of  a  primary  rod  of  cartilage 
developed  independently  of  the  clavicles.  The  outer  or  meso-scapular 
segment,  becomes  attached  to  the  acromion  by  fibrous  tissue,  and  an  im- 
perfect synovial  articulation.  The  inner  segment  divides  into  two,  of 
which  the  outer  portion  becomes  attached  to  the  true  clavicle,  whilst 
the  internal  portion,  corresponding  to  the  omosternum  (or  so-called  epi- 
•  sternum)  of  frogs,  becomes  converted  into  fibro-cartilage.  The  clavicle 
itself  is  a  parosteal  bar  which  has  grafted  itself  on  a  delicate  rod  of 
cartilage.* 

803.  In  order  to  facilitate  the  comprehension  of  terms  now  very  gene- 


v 

la 

Elements  of  a  Vertebra  according  to  Prof.  Owen:— a,  ideal  typical  vertebra: — b,  actual 
thoracic  vertebra  of  aBird :— c,  centrum,  giving-offi,  d.the  diapophyses,  andp,p,theparapo- 
physes ;  the  neural  arch,  enclosing  tbe  spinal  cord,*  is  formed  by  n,  n,  the  neurapophy3es,  and 
n»,  the  neural  spine;  the  hsemal  arch,  enclosingthe  great  centres  of  the  circulation,  is  formed 
by  h,  h,  the  hsemapophyses,  and  h  s,  the  hsemal  spine.  From  both  tbe  neurapophyses  and 
hffimapophysesmay  be  given-off  the  zygapophyses,  e,  z.  The  lateral  arches,  which  may  enclose 
the  vertebral  arteries  o  o,  are  completed  by  thepleurapophyses,  pi;  these  in  b  are  bent  down- 
wards, so  as  to  form  part  of  the  hsemal  arch,  and  give-off  the  diverging  appendages  a,  a. 

ally  employed  both  in  Human  and  Comparative  Anatomy  in  regard  to 
tie  parts  of  a  vertebra,  the  following  description  is  here  appended, 
'he  complete  typical  vertebra  (Fig  261,  a)  essentially  consists  ac- 
ording  to  Prof.  Owen,f  of  the  ventrum,  around  which^  are  arranged 
Jur  arches  enclosed  by  processes  in  connection  with  it — viz.,  superiorly, 
ie  neural  arch,  which  encloses  the  neural  axis,  and  is  formed  by  a  pair 
f  'neurapophyses'  (n,  n)  and  a  neural  spine   (ns) ;   inferiorly  the 

*  Mr.  Parker  differentiates  three  kinds  of  ossification— "  endostosis,"  occurring  in 
ie  substance  of  hyaline  cartilage ;  "  ectostosis,"  when  the  bony  deposit  occurs  in  the 
most  structureless  inner  layer  of  the  periosteum;  and  "parostosis,"  when  the 
ine  is  formed  in  the  skin,  subcutaneous  fibrous  mesh,  or  in  aponeuroses. 
,  T  See  his  "  Archetype  Skeleton,"  his  "  Lectures  on  Comparative  Anatomy,"  and 
is  "Discourse  on  the  Nature  of  Limbs." 
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hcBinal  arch,  which  is  in  like  special  relation  with  the  centres  of  the 
circulation,  but  may  be  expanded  around  the  Visceral  cavity  generally 
and  which  is  formed  of  a  pair  of  '  haemapophyses'  (/*,  h)  and  the  '  haemal 
spine'  (hs)  ;  and  two  lateral  arches,  enclosing  vascular  canals,  which  ar 
bounded  by  the  1  diapophyses'  (d,  a1)  and  the  '  parapophyses'  (j>,  p),  and 
are  completed  by  the  '  pleurapophyses'  (pi,  pi).    Of  these  elements,  the 
centrum  is  the  most  constant ;  and  next  to  these  are  the  neural  arches 
which  we  find  in  every  part  of  the  vertebral  column  through  which  the 
neural  axis  passes,  and  which  are  enormously  developed  in  the  cranial 
segments,  in  accordance  with  the  high  development  of  their  nervous  mass. 
The  haemal  arches  are  often  almost  entirely  deficient,  as  in  the  cervical 
and  lumbar  vertebrae  of  Man  and  the  Mammalia ;   but  in  the  dorsal 
vertebrae  they  are  very  largely  developed,  and  the  elements  of  the  lateral 
arches  are  brought  into  connection  with  them,  so  as  to  form  the  inclosure 
of  the  visceral  cavity  (Fig.  261,  b).  From  the  pleurapophyses  are  occa- 
sionally developed  a  pair  of  '  diverging  appendages'  (o,  a),  which  are  well) 
seen  in  the  ribs  of  Birds ;  and  these  are  considered  by  Prof.  Owen  to  be 
the  fundamental  elements  of  the  bones  of  the  '  extremities'  or  '  limbs,'  I 
those  of  the  anterior  extremity  being  on  his  view  the  diverging  appendages 
of  the  occipital  vertebra,  and  those  of  the  posterior  extremity  standing 
in  the  same  relation  to  one  of  the  sacral  vertebrae.    The  number  of  the 
segments  analogous  to  Vertebrae  entering  into  the  skull  has  been  a  sub- 
ject of  much  discussion  among  those  who  adopt  the  '  vertebral  theory' 
of  its  composition  ;  but  Prof.  Owen  agrees  with  Goethe  and  Oken  (the 
original  propounders  of  that  theory)  in  fixing  the  number  at  four,  which 
corresponds  with  the  points  of  ossification,  succeeding  each  other  in  a 
linear  series,  that,  though  absent  in  the  earlier,  are  apparent  in  the  later 
stages  of  the  development  of  the  Encephalon,  namely  (proceeding  from 
behind  forwards),  the  Epencephalon,  the  Mesencephalon,  the  Prosen- 
cephalon, and  the  Rhinencephalon  (Fig.  267) ;  and  also  corresponding 
with  the  number  of  the  nerves  of  special  sense,  the  Auditory,  Gustatiye, 
Optic,  and  Olfactory,  which  issue  from  this  part  of  the  neural  axis  with 
the  same  segmental  regularity  that  the  ordinary  sensori-motor  nerves 
do  elsewhere. 

804.  In  the  development  of  the  Skull,  the  same  three  stages  may  be 
traced  as  that  in  the  Vertebral  column — namely,  the  membranous,  the 
cartilaginous,  and  the  osseous  ;  the  result  of  the  first  two  forming  what  I 
is  now  called  the  Primordial  Cranium.    In  the  first  stage,  the  membrane 
of  the  cranium  is  formed  from  the  anterior  part  of  the  prevertebral  plates 
(iiwh,  Fig.  258),  which  shoot  forwards  in  front  of  the  pointed  extremity 
of  the  Chorda  dorsalis  or  Notochord,  and  throw  out  processes  on  either  side,  | 
that,  arching  upwards,  ultimately  form  a  case  for  the  brain.  An  essentia 
difference  from  those  which,  as  we  have  just  now  seen,  enclose  the  Spinal 
Cord,  is  however  already  visible,  in  the  perfect  continuity  and  absence  o 
any  trace  of  segmentation  in  the  basal  mass.   The  form  assumed^ bytms 
deposit  at  a  very  early  period  is  here  diagrammatically  shown  (Fig-  ^  )> 
c  representing  the  atlas,  or  last  segment  of  the  true  vertebral  coU""j 
formed  round  the  notochord,  a,  which  terminates  at  the  point  g,  *  ^ 
the  pitvutary  body  subsequently  appears.    In  front  of  the  atlas,  c, 
also,  like  it,  surrounding  the  notochord,  a  large  quantity  ot  blast  ^ 
is  laid   down   anteriorly,  dividing  into    two  arms,  //,  terme 
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Fig.  262. 


Cartilaginous  basis  Cranii: 
— a,  chorda  dorsalis ;  b,  fora- 
men magnum  ;  c,  atlas  ;  d, 
lateral  cartilaginous  mass ; 
e,  auditory  capsule ;  f,  pitui- 
tary body ;  g,  trabecula 
cranii ;  h,  frontal  nasal  pro- 
cess ;  t,  alee  majores;  k,  alse 
minore3  of  the  sphenoid  bone. 


trabecule  cranii,  that  separate  to  enclose  the  pituitary  fossa,  and  reunite 
in  front  of  it  to  form  a  solid  mass,  the  nasal  frontal  process.    From  the 
margins  of  this  great  basal  mass  of  the  primordial  cranium,  a  mem- 
branous investment  rises  up  to  cover  the  intra- 
cranial nervous  centres.    This  membranous  cra- 
nium, which  accurately  invests  the  rudimentary 
brain,  is  not  long  persistent,  but  soon  becomes 
partially  converted  into  cartilage ;    the  change 
commencing  at  the  base  in  the  Human  foetus  at 
least  as  early  as  the  second  month,  whilst  the 
upper  part  retains  its  membranous  condition  to 
a  much  later  period.     The  primordial  cranial 
axis  of  Man,  therefore,  consists  of  three  parts — 
1.  A  membranous  roof;  2.  Chiefly  membranous 
lateral  walls ;  and  3.  A  cartilaginous  base.  The 
third,  or  osseous  stage  of  development,  is  attained 
by  four  different  processes,  namely — 1.  By  direct 
-ossification  of  a  portion  of  the  cartilage  of  the 
primordial  cranium ;  2.  By  part  of  the  cartilage 
remaining  unaltered;   3.  By  the  disappearance 
of  a  small  part  of  the  primordial  cartilage ;  and 
4.  By  the  deposition  of  new  bone  in  the  form 
of  opercular,  or  splint  bones,  on  the  exterior  of 
the  primordial  cranium.    The  first  point  of  ossification  appears  im- 
mediately in  front  of  the  foramen  magnum  about  the  ninth  week, 
ind  is  the  rudiment  of  the  basilar  portion  of  the  occipital  bone  ;  a 
■  ;econd  (sometimes  double)  point  forms  in  the  third  month  at  the  fore 
)art  of  the  Sella  turcica,  and  is  the  rudiment  of  the  basi-sphenoid 
nr  posterior  portion  of  the  sphenoid  bone.     Still  more  anteriorly, 
»ut  a  little  later  in  point  of  time,  a  third  double  centre  of  ossification 
aay  be  seen,  which  is  the  commencement  of  the  pre-sphenoid,  and 
Q  front  of  this  again  an  ossificcation  ommences  about  the  middle  of 
Etal  life,  which  subsequently  becoming  greatly  extended  in  a  vertical 
irection,  forms  the  perpendicular  plate  of  the  ethmoid.    With  each  of 
[  Hese  centres  of  ossification,  situated  along  the  floor  or  base  of  the  skull, 
f-  superior  arch  is  connected,  composed  of  bones  analogous  to  the  lamina? 
nd  spines  of  the  vertebrae,  and,  like  them,  enclosing  and  protecting  the 
ervous  mass  within.    The  formation  of  the  superior  arch  in  connection 
I  ith  the  basi-occipital  centre  commences  at  an  early  period,  by  the 
r  ?pearance  of  two  additional  ossifying  points  in  the  cartilage  on  either 
|*de  of  the  foramen  magnum,  which  develope  into  the  condyloid  and 
I  teral  portions  of  the  occipital  bone  or  ex-occipitals  ;  whilst  the  crown  of 
f  ie  arch,  or  supra-occipital  bone,  represented  in  the  adult  by  the  broad 
I  cpanded  plate,  is  formed  by  two  osseous  points  in  cartilage,  and  one 
•  two  in  the  membrane  immediately  above  the  cartilage,  that  subse- 
f  lently  coalesce.  The  upper  arch  of  the  basi-sphenoid  begins  as  a  bony 
:posit  in  the  cartilage  representing  the  great  wings  of  the  sphenoid  bone, 
I '  ali-sphenoids  (/,  Fig.  262)  ;  and  the  crown  of  this  arch,  formed  by  the 
I  irietals,  is  exclusively  produced,  not  by  intra-cartilaginous,  but  by 
|  tra-membranous  ossification.    A  third  upper  arch  is  connected  with 
I  e  pre-sphenoid  by  the  ossification  of  the  projections  of  the  pre-sphenoid 
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Fig.  263. 
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Vertical  transverse  section  of 
anterior  portion  of  tho  Primordial 
basin  cranii : — apposition  of  vomer; 
b,  perpendicular  lamina  of  eth- 
moid ;  e,  <  ight  alaof  I  ho  cartilage, 
from  which  tho  turbinal  bonis, 
e  imAf,  are  seen  projecting  on  the 
opposite  side  ;  </,  nasal  bones. 


(&),  representing  the  ate  minores  of  the  sphenoid  or  orbito-sphenoids 
the  crown  of  this  arch  also,  the  frontal  bone,  developing  by  intra-mem- 
branous  ossification,  like  the  parietal  and  supra-occipital  bones.  The 
most  anterior  of  the  centres  of  ossification  that  appears  in  the  basal  car- 
tilage of  the  skull,  forms  the  lamina  perpendicularis  of  the  ethmoid  (b), 

and  is  seen  in  vertical  section  in  Fig.  263. 
At  an  early  period  the  cartilage  sends  out 
two  processes,  c,  e,  which  enclose  the  nasal 
fossa?.     The  superior  and  middle  turbinals 
(opposite  e)  are  developed  as  outgrowths  from 
this  cartilage.    The  inferior  turbinal  (/)  is 
of  later  date.    The  nasal  bones,  d,  d,  are 
developed  as  opercular  bones  in  the  mem- 
brane covering  the  primitive  cartilage,  and 
overlie  the  nasal  cartilage  ;  whilst  at  the  base 
of  the  cartilage,  but  developed  from  mem- 
brane, is  the  vomer  (a).   The  remaining  bone 
which  enters  into  the  formation  of  the  skull 
is  the  Temporal,  the  development  of  which, 
formerly  much  misunderstood,  has  been  very 
carefully  investigated  by  Prof.  Huxley,  Mr. 
Parker,  and  others  ;  from  whose  inquiries  it 
appears  that  the  squamosal  portion,  like  the 
parietal  and  frontal  bones,  is  developed  from 
membrane.     Below  this,  and  developed  from  fibro-cartilage,  a  ring 
of  bone  appears,  incomplete  above,  forming  the  auditory  meatiis,  and 
termed  the  tympanic  bone.    Finally,  there  are  three  centres  of  ossifica- 
tion, for  which  Mr.  Huxley  proposes  the  terms  prootic,  epiotic  and  opis- 
thotic.    The  prootic  lies  behind  the  foramen  ovale,  and  forms  the  petrosal 
bone,  or  petrous  portion  of  the  temporal.  The  epiotic  surmounts  the  pos- 
terior vertical  semicircular  canals,  and  forms  the  mastoid  portion  of  the 
temporal ;  whilst  the  opisthotic  is  continuous  with  the  ossification  which 
primitively  surrounds  the  fenestra  rotunda,  and  forms  the  floor  of  the 
Tympanum,  lying  in  front  of  the  point  of  exit  of  the  8th  pair  of  nerves. 
805.  The  development  of  the  Face  next  claims  our  attention.    It  pro- 
ceeds from  three  parts,  two  of  which  are  symme- 
trical and  the  third  single.    The  first  two  are  the 
first  pair  of  visceral  arches,  with  their  superior 
(a,  Fig.  264)  and  inferior  (i)  maxillary  processes, 
and  the  external  nasal  process :  the  asymmetrical 
part  is  the  frontal  process,  with  its  alas  or  internal 
nasal  processes  (seen  on  each  side  of  /?/,  Fig.  265), 
the  development  of  which  into  the  turbinals,  covered 
by  the  nasals,  has  been  already  alluded-to.  The 
two  lateral  halves  of  the  first  visceral  arch  (i, 
Fig.  264)  uniting  in  the  middle  line,  form  the  rudi- 
ment of  the  lower  jaw,  and  originally  consist  of  two 
parts  on  each  side,  one  of  which,  the  inferior  maxil- 
lary process,  is  cartilaginous,  becoming  converted  at 
its  base  into  the  incus  (a,  Fig.  266)  and  the  malleus  (b)  ;  whilst  its  apex 
is  prolonged  downwards  and  forwards  in  the  form  of  a  slender  rod,  known 


Fig.  264. 


Human  Embryo  at  tho 
end  of  the  third  week : — 
1,  2,  3,  4s,  the  visceral 
arches  ;  a,  the  maxillary 
process;  4,  the  eye. 
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Human  Embryo  at  the  close 
of  the  fifth  week:— 1  and  2, 
the  first  two  visceral  arches  ; 
a,  the  superior  maxillary  pro- 
cess ;  by  the  eye  j  e,  the  lateral 
naso-frontal  process ;  nf,  the 
naso-frontal  process ;  t,  the 
tongue. 


under  the  name  of  Meckel's  Cartilage,  on  the  outer  side  of  which  the 
lower  jaw  (d)  is  developed  as  a  splint -bone.  The  lower  jaw  thus  stands 
in  the  same  relation  to  Meckel's  Cartilage  that  the  opercular  bones  do  to 
the  primitive  cranial  bones;  and  it  originally  consists  of  .two  halves, 
united  by  a  kind  of  synchondrosis,  which  does 
not  ossify  till  after  birth.   The  malleus  and  incus  Fig.  265. 

ossify  in  the  fourth  month  from  the  surface  in- 
wards, whilst  Meckel's  cartilage  dies  away,  ex- 
cept near  its  root,  which  ossifies  into  the  pro- 
cessus gracilis,  or  long  process  of  the  malleus. 
The  superior  maxillary  process  (a,  Fig.  265)  of 
the  first  visceral  arch  furnishes  the  Pterygoid 
(k,  Fig.  266)  and  Palatine  (i)  bones,  which 
begin  to  ossify  in  nascent  or  simple  cartilage  at 
about  the  close  of  the  second  month.  The 
superior  maxillary  and  arygomatic  bones  each 
ossify  from  one  centre,  at  the  end  of  the  second 
month  ;  and  these,  together  with  the  lachrymal 
bones,  are  to  be  regarded  as  opercular  bones. 
With  regard  to  the  intermaxillary  bone,  it  is 
probable  that  this  is  developed  from  an  ossific 
centre  in  the  membrane,  independently  of  the 
superior  maxilla,  though  it  joins  with  it  about  the  middle  of  the  third 
month.  Kollmann,*  however,  describes  it  as  originating  from  the 
frontal  process  by  two  halves,  which  subsequently  unite.  The  Vomer 
bears  the  same  relation  to  the  base  of  the  septum  nasale  ;  it  appears  in 
the  third  month,  and  has  then  the 

form  of  a  semi-canal.    At  first,  Fig.  266. 

the  mouth  is  a  wide  cavity,  which 
sis  subsequently  divided  into  a 
respiratory  and  digestive  cavity 
by  the  lateral  growth  of  the 
superior  maxillary  processes  of 
the  first  visceral  arch  ;  thus  con- 
stituting partitions  on  either  side, 

called  Palate-plates,  which  after 

the  eighth  week  begin  to  coalesce 
■Prom  before  backward.   An  arrest 

5f  development  at  this  period 

produces  the  deformity  termed 

^eft-palate.  The  second  visce- 
|-*al  arch  is  originally  in  connec- 
|:  ion  with  the  base  of  the  skull, 
I  lear  the  posterior  sphenoid  bone, 
I  rom  which  it  becomes  subse- 
I  (uently  separated  by  absorption 
I  >f  its  "  proximal  piece."  This 
I  )asal  piece  becomes  the  stapes 

l«,  Fig.  266),  and  comes  into  relation  with  tne  labyrinth;  it  is  at  first 
I  mperforate,  and  ossifies  from  three  centres  later  than  the  other  bones. 

*  "Zeits.  f.  Biolog.,"  Bd.  iv.  1868,  p.  274. 
3  m  2 
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Diagram  of  the  first  and  second  post-stomal 
(visceral)  arches  of  Human  Embryo  : — a,  incus  ;  b, 
malleus  ;  e,  Meckel's  cartilage ;  d,  dentary  j  e, 
stapes ; /,  os  orbiculare ;  g,  upper  hyoid  cartilage ; 
between  g  and  e  is  the  rudiment  of  the  stapedius 
muscle;  m,  middle  hyoid  cartilage;  t,  rudiment 
of  the  c  <rnu  minor  of  os  hyoides ;  k,  basi-hyal;  I, 
tympanic  annulus. 
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The  second  portion  of  the  branchial  arch,  which  does  not  become  carti- 
lage, furnishes  the  stapedius  muscle  ;  then  follows  a  long  piece  of 
cartilage,  which  unites  with  the  mastoid  process  of  the  primordial 
cranium,  and  furnishes  the  eniinentia  papillaris  and  the  styloid  process. 
The  most  anterior  portion,  which  never  unites  with  the  corresponding  por- 
tion of  the  other  side,  becomes  partly  cartilaginous,  and  furnishes  the  cornu 
minus  (i)  of  the  hyoid  bone,  and  stylohyoid  ligament.  The  third  arch  fur- 
nishes the  body  of  the  hyoid  bone  and  great  cornua,  which  ossify  in  the 
eighth  month. 

806.  From  the  foregoing  brief  outline  of  the  development  of  the  skull, 
it  will  be  seen  that  no  segmentation  of  the  cartilaginous  basis  takes-place 
at  all  analogous  to  that  which  occurs  in  the  vertebral  column  at  the  same 
period  of  its  development ;  and  therefore,  as  Mr.  Huxley  observes,  it  is 
impossible  to  admit  the  existence  of  a  series  of  cranial  vertebra,  and 
still  less  to  define  their  several  parts  by  means  of  terms  especially  adapted 
to  the  description  of  those  bones  which  constitute  the  spinal  column.  At 
the  same  time,  a  very  superficial  investigation  of  the  process  of  ossifica- 
tion leads  to  the  conclusion  that  this  takes-place  in  such  a  manner  as  to 
produce  a  series  of  segments  which  are  the  more  closely  analogous  to 
those  of  the  vertebral  column  the  more  posteriorly  they  are  situated,  as 
we  see  in  the  occipital  and  sphenoid  segments ;  whilst  in  those  that  are 
more  anterior  the  modification  of  structure  is  so  great,  that  scarcely  any 
trace  of  the  form  of  a  vertebra  remains,  as  appears  in  the  case  of  the  pre- 
sphenoid  and  ethmoidal  segments. 

807.  Within  the  Cranio-spinal  canal  thus  formed,  the  rudiment  of  the 
Cerebro- spinal  axis  is  found,  at  first  under  a  very  different  aspect  from 
that  which  it  subsequently  presents,  especially  as  regards  the  relative 
proportion  of  its  different  segments.    According  to  the  investigations  of 
Bidder,  Kupffer,  and  Kolliker,  in  Man  and  Birds,  the  spinal  cord  consists, 
after  the  closure,  of  the  laminae  dorsales,  of  a  canal  surrounded  by  cells 
arranged  in  a  radiating  manner.    These  separate  into  an  external  layer 
composed  of  grey  matter,  and  into  an  inner  layer  constituting  the  epithe- 
lium of  the  canal.    The  white  substance  appears  later  than  the  grey,  and 
is  unquestionably  developed  from  it.    In  the  first  instance  it  consists  of 
four  cords  or  strands  arranged  in  pairs,  which  subsequently  become  con- 
nected in  front  by  a  white  commissure.*    According  to  the  researches 
of  Lockhart  Clarke,  in  Man,  Mammalia,  and  Birds,  f  the  spinal  cord,  in 
its  earlier  stages  of  development,  consists  of  a  canal  surrounded  by  a 
homogeneous  layer  of  small  cells  or  nuclei,  which  are  not  distinguishable 
from  each  other  in  appearance,  and  are  so  closely  aggregated  as  to  seem 
in  actual  contact.    This  layer  continues  to  increase  in  depth,  and  under- 
goes a  differentiation  into  two — an  inner  or  epithelial,  and  an  outer  or 
grey,  layer  ;  while  at  the  same  time  the  small  cells  of  both  layers  are  un- 
interruptedly connected  by  a  continuous  network  of  fibres  which  tonus 
between  them.    As  development  progresses,  a  diversity  of  s.truC^" 
ensues  in  the  grey  substance ;  the  cells  or  nuclei  of  the  anterior  g  J 
substance  becoming  much  larger  than  those  of  the  posterior,  and  D<3  J 
connected  by  a  coarser  and  more  granular  network.    From  these  n  o 
are  developed  a  number  of  large  roundish  or  irregular  butadjacen t  » 
with  thick  nucleated  walls  which  are  connected  with  the  surioun  » 

*  Kolliker,  "Entwick.,"  pp.  259,  260.  t  "  Phil.  Trans.,"  1862,  p.  911  et  seq. 
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letwork,  and  have  precisely  the  same  appearance  as  the  connective  tissue 
>f  parts  external  to  the  cord.    It  appears,  then,  that  in  these  early  stages 
)f  development,  there  are  at  least  two  kinds  of  free  nuclei  in  the  grey  sub  - 
stance  of  the  cord.    One  of  these  kinds  appears  to  develope  the  general 
letwork  of  tissue  which  pervades  the  entire  structure,  but  proceeds  no 
urther ;  whereas  each  nucleus  of  the  other  kind,  while  connected  with 
his  network  as  well  as  with  nerve-fibres,  developes  a  nucleated  cell,  with 
t  nucleated  wall  which  is  still  connected,  and  ultimately  blended,  with  the 
urrounding  reticular  structure.  Through  the  medium  of  this  intervening 
reticular  structure,  the  walls  of  the  nerve-cells,  the  walls  of  the  blood- 
cessels,  the  processes  of  the  epithelium,  and  the  pia  mater  on  the  surface 
tf  the  cord,  are  all  uninterruptedly  continuous  with  each  other;  and 
i.ince  the  processes  of  nerve-cells  constitute  the  axis-cylinders  of  the  vaso- 
motor nerves  distributed  to  parts  external  to  the  cord,  Mr.  Clarke  thinks 
:  probable  that  some  of  those  processes  which  are  lost  by  subdivision  in 
:  he  intervening  nucleated  and  reticular  tissue  within  the  cord,  are  the 
aeans  of  transmitting  nerve-power  to  that  tissue,  and  through  that,  to  the 
oats  of  its  blood-vessels,  from  which,  by  their  direct  connection  with 
iem,  the  nerve-cells,  in  return,  receive  their  supply  of  nutriment. 
808.  The  Encephalon,  at  about  the  6th  week,  is  seen  as  a  series  of 
vesicles  arranged  in  a  line  with  each  other  (Fig.  267)  ;  of  which  those 

i  iat  represent  the  Cerebrum  (b)  are  the  smallest,  whilst  that  which  repre- 
aits  the  Cerebellum  (d)  is  the  largest.  The  latter  (or  Epencephalon),  as 
i  Fishes,  is  single,  covering  the  fourth  ventricle  on  the  dorsal  surface  of 
le  Medulla  Oblongata.  Anterior  to  this  is  the  single  vesicle  (a)  of  the 
orpora  Quadrigemina  (or  Mesencephalon),  from  which  the  optic  nerves 
artly  arise  ;  this  has  in  its  interior  a  cavity,  the  ventricle  of  Sylvius, 
hich  is  persistent  in  the  adult  Bird,  though  obliterated  in  the  adult 

1  tammal.  In  front  of  this  is  the  vesicle  (c)  of  the  Third  Ventricle  (or 
;  kutencephalon),  which  also  contains  the  Thalami  Optici ;  as  development 
proceeds,  this,  like  the  preceding,  is 

I  rvered  by  the  enlarged  Hemispheres  ;  Fig.  267. 

ii  hilst  its  roof  becomes  cleft  anteriorly  c 

li  a  the  median  line,  so  as  to  communi-  \  ft 

ate  with  the  cavities  which  they  in- 
i  ude.     Still  more  anteriorly  (b)  is 

ig  double  vesicle  (or  Prosencephalon) 
\  hich  represents  the  hemispheres  of 
;  ie  Cerebrum ;  this  has  a  cavity  on 
luther  side,  the  floor  of  which  is  formed 
I  j  the  Corpora  Striata,  and  which  has 
I '/  first  no  opening  except  into  the 
liiird  ventricle ;  the '  fissure  of  Sylvius' 
ivhich  enables  the  membranes  of  the 
t  rain  to  be  reflected  into  the  lateral 
pntricles)  being  formed  at  a  later 
priod.  The  Rhinencephalon  (consist- 
I  g  of  the  Olfactive  ganglia)  is  seldom 
(liatinctly  marked-out  in    the  early 

age  of  development  of  the  higher 
I  ertebrata,  though  very  obvious  in  that  of  Fishes 


Human  Embryo  of  sixth  week,  enlarged 
about  three  times: — a,  vesicle  of  Corpora 
Quadrigemina ;  b,  vesicle  of  Cerebral  He- 
mispheres ;  c,  vesicle  of  Third  Ventricle  j 
d,  vesicle  for  Cerebellum  and  Medulla  Ob- 
longata ;  e,  auditory  vesicle ;  f,  olfactory 
fossa :  h,  liver ;  **,  caudal  extremity. 


-Thus  in  the  small 
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proportion  which  the  Cerebral  Hemispheres  bear  to  the  other  parts,  in 
the  absence  of  convolutions,  in  the  deficiency  of  commissures,  and'  in 
the  general  simplicity  of  structure  of  the  whole,  there  is  a  certain  cor- 
respondence between  the  brain  of  the  Human  embryo  at  this  period, 
and  that  of  a  Fish  ;  but  the  resemblance  is  much  stronger  between  the 
foetal  brain  of  the  Fish  and  that  of  the  Mammal ;  indeed,  at  this  early 
period  of  their  formation,  the  two  could  scarcely  be  distinguished;  and 
it  is  the  large  amount  of  change  which  the  latter  undergoes,  as  com- 
pared with  the  former,  that  causes  the  wide  dissimilarity  of  their  adult 
forms. 

809.  At  about  the  12th  week,  we  find  the  Cerebral  Hemispheres 
much  increased  in  size,  and  arching-back  over  the  Thalami  and  Corpora 
Quadrigemina  (Fig.  268);  still,  however,  they  are  destitute  of  convolu- 
tions, and  are  imperfectly  connected  by  commissures ;  and  there  is  a  large 


Fia.  2G8. 
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Drain  of  Human  Embryo  at  twelfth  week: — a,  seen  from  behind ;  B,  side  view ;  c,  sectional 
view;  a,  corpora  quadrigeminu :  b,  b,  hemispheres ;  d,  cerebellum;  e,  medulla  oblongata  ;f, 
optic  thalamus ;  g,  floor  of  third  ventricle  ;  i,  olfactory  nerve. 

cavity  yet  existing  in  the  Corpora  Quadrigemina,  which  freely  commu- 
nicates with  the  Third  Ventricle.  In  all  these  particulars,  there  is  a  strong 
analogy  between  the  condition  of  the  brain  of  the  Human  embryo  at  this 
period,  and  that  of  the  Bird. — Up  to  the  end  of  the  3rd  month,  the 
Cerebral  Hemispheres  present  only  the  rudiments  of  anterior  lobes,  and 
do  not  pass  beyond  that  grade  of  development  which  is  permanently 
characteristic  of  the  Marsupial  Mammalia,  the  Thalami  being  still  but 
incompletely  covered-in  by  them.  During  the  4th  and  part  of  the  5th 
months,  however,  the  middle  lobes  are  developed  from  their  posterior 
aspect,  and  cover  the  Corpora  Quadrigemina ;  and  the  posterior  lobes,  of 
which  there  was  no  previous  rudiment,  subsequently  begin  to  sprout  from 
the  back  of  the  middle  lobes,  remaining  separated  from  them,  however, 
by  a  distinct  furrow,  even  in  the  brain  of  the  mature  fetus,  and  some- 
times in  that  of  older  persons.  In  these  and  other  particulars,  there  is  a 
very  close  correspondence  between  the  progressive  stages  of  development 
of  the  Human  Cerebrum,  and  those  which  we  encounter  in  the  ascending 
series  of  Mammalia.* 

810.  The  development  of  the  Eye\  commences  by  a  protrusion  from 
the  posterior  part  of  the  anterior  cerebral  vesicle,  representing  the 
'vesicle  of  the  thalami  optici,'  which  is  at  that  time  hollow;  and  the 
cavity  of  the  protrusion  is  continuous  with  that  of  the  vesicle  itself,  wmc  i 

*  See  an  account  of  the  observations  of  Prof.  Ketzius  on  the  Development  of  the 

-    -  -  -   «     ■  »  ™        — "  1846. 


p.  187;  and  Klobs  in  Virohow's  "Arohiv,"  Bd.  xxviii. 
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remains  as  the  1  third  ventricle.'  At  this  period,  according  to  Kolliker, 
they  are  covered  by  the  embryonic  layers,  which  subsequently  form  the 
cutis  and  epidermis,  and  these  enter  to  an  important  extent  into  the 
formation  of  the  eyeball.  The  primitive  eye-vesicle  does  not  alone  pro- 
duce the  Bulbus  Oculi,  for  this  is  formed — 1.  From  the  primary  vesicle  ; 

2.  From  an  involution  of 
the  skin,  which  forms  the 
Lens  and  Vitreous  body; 

3.  From  an  external  layer 
derived  from  the  middle 
layer  of  the  blastodermic 
vesicle,  which  forms  the 
sclerotic,  cornea,  and  per- 
haps also  part  of  the  vitre- 
ous body.  As  soon  as  the 
primitive  eye-vesicle  has 
assumed  its  permanent 
position  at  the  base  of  the 
second  division  of  the  brain, 
the  corneal  layer  indents 
or  sinks  into  its  anterior 
surface,  becoming  itself  so 
constricted  as  to  form  a  sac, 
from  the  cells  lining  which 
the  lens  is  subsequently 
developed ;  whilst  the 
vesicle  in  like  manner  forms  a  shallow  depression  with  two  layers,  the 
edges  of  which  surround  the  lens.  At  the  same  time  the  cutis  of  the 
inferior  surface  of  the  Head  extends  itself  from  the  lens  towards  the 
primitive  vesicle  and  its  peduncle  (which  becomes  at  a  later  period  the 
Optic  Nerve).  A  new  space  is  thus  formed  behind  the  lens,  which 
contains  the  first  trace  of  the  vitreous  body.  Coincidently  with  the 
growth  of  this,  the  optic  nerve,  which  was  at  first  hollow,  becomes 
tapelike  and  solid,  and  afterwards  converted  into  a  semi-canal,  open 
below.  The  vesicle  itself  now  looks  like  a  double  flat  cup,  on 
one  side  of  which  there  is  a  broad  split,  which,  however,  does  not 
conduct  into  the  interior  of  the  vesicle,  but  forms  a  new  cavity, 
the  "  secondary  Eye- vesicle."  With  the  progress  of  development,  the 
slit  of  the  secondary  vesicle,  and  the  furrow  of  the  optic  nerve  in 
which  the  arteria  centralis  runs,  close.  In  addition  to  this,  the  anterior 
opening  of  the  secondary  vesicle,  in  which  the  lens  was  situated,  and 
which  was  always  covered  by  the  epidermal  layer,  becomes  invested 
with  the  sclerotic  and  cornea.  The  body  of  the  lens  is  formed  by  the 
columnar  and  radially-disposed  epithelial  cells  lining  the  saccular  invo- 
lution of  the  Gutis;  these  soon  become  changed  into  fibres,  and  the 
cavity  is  obliterated.  As  to  the  formation  of  the  structureless  capsule, 
and  the  vascular  capsule  of  the  embryonic  lens,  Kolliker  considers  the 
first  to  be  an  exudation  of  the  peripheral  cells  of  the  lens,  whilst  the 
second  is  a  portion  of  the  cutis,  which  becomes  detached  at  its  first  invo- 
lution. The  pigmentary  layer  of  the  Choroid  is  derived  from  the  outer 
lamina  of  the  secondary  vesicle.  The  vascular  layer  is  deposited  exter- 
nally.   The  choroid  only  reaches  as  far  as  the  edges  of  the  lens  at  first, 


Fig.  269. 


Longitudinal  section  of  the  Eye  of  'Embryo  Fowl: — 1, 
from  an  embryo  at  about  the  65th  hour  of  incubation ;  2, 
from  an  embryo  a  few  hours  older ;  3,  from  an  embryo  at 
the4thdayofincubation: — h,  corneal  lamina;  £,lensinFig.  ], 
still  connected  with  the  corneal  lamina,  and  possessing  a  small 
cavity  (o)  in  its  interior, — in  Figs.2  and  3  it  is  seen  detached 
but  still  hollow;  r,  introverted  portion  of  the  primitive  optic 
vesicle, subsequently  becoming  the  retina;  a,  posterior  part 
of  the  optic  vesicle,  which,  according  to  Eemak,  probably  be- 
comes the  choroid  coat,  ciliary  processes,  and  iriB,  and  in  Figs. 
1  and  2  is  still  connected  with  the  brain  by  the  hollow  optic 
nerve;  x,  thickening  of  the  corneal  lamina  around  the  spot 
from  which  the  lens  has  detached  itself;  gl,  vitreous  body. 
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and  no  trace  of  Iris  can  at  that  time  be  discovered.  At  the  end  of  the 
second  month  the  iris,  at  first  represented  by  a  colourless  lamina  in  which 
pigment  is  afterwards  deposited,  grows  out  from  the  edge  of  the  choroid, 
and  insinuates  itself  between  the  lens  and  the  cornea.  The  Retina  is,  at 
first,  part  of  the  primitive,  and  at  a  later  period,  part  of  the  secondary 
vesicle.  It  is  derived  exclusively  from  the  internal  lamina  of  the  latter ; 
it  is  therefore  a  true  saccular  involution  of  the  brain,  and  the  first- 
formed  coat  of  the  eye ;  it  reaches  the  edge  of  the  lens,  and  ends  there 
abruptly  with  a  thick  edge.  The  development  of  its  anterior  half  ceases 
during  the  latter  part  of  foetal  life,  and  this  part  is  gradually  transformed 
into  the  Pars  ciliaris,  which  in  the  adult  does  not  contain  any  nervous 
element.  The  Macula  lutea  is  not  present  in  the  embryo,  nor  in  the 
new-born  infant.  Lastly,  the  sclerotic  and  cornea  are  not  originally 
formed  with  the  primary  vesicle,  but  detach  themselves  secondarily  from 
the  adjacent  parts  of  the  Head-plates,  like  the  dura  mater  and  pia  mater 
from  the  prevertebral 

811.  Development  of  the  Ear. — The  Ear  is  made  up  of  parts  which 
have  the  same  threefold  origin  as  the  eye,  one  portion  being  derived 
from  the  skin,  another  from  the  medullary  tube,  and  a  third  from 
the  middle  blastodermic  layer ;  but  it  differs  from  the  eye  in  the  cir- 
cumstance that  it  is  never  a  sac  communicating  with  the  vesicles  of  the 
brain.    The  acoustic  nerve  is  formed  in  the  prevertebral  plates  of  the 
head,  and  is  subsequently  connected  on  the  one  hand  with  the  3rd 
brain-vesicle,  and  on  the    other  with  the  Labyrinth.     The  latter, 
including  the  membranous  sacs,  semicircular  canals,  and  cochlea,  is 
derived  from  the  outer  skin,  and  is  represented  at  first  by  a  vesicle 
with  an  opening  looking  outwards.     To  these  two  most  essential  parts 
of  the  Ear  there  are  added  parts  derived  from  the  middle  vitelline  mem- 
brane, viz.,  the  cartilaginous  and  some  of  the  membranous  investments 
of  the  Labyrinth ;  and  lastly,  certain  parts  from  the  branchial  arches 
and  the  first  branchial  fissure,  from  which  the  middle  and  external  ear 
are  developed,  as  well  as  the  ossicles  and  the  tympanum.    In  Man  the 
vesicles  are  first  found  about  the  4th  week,  possessing  an  epithelial  in- 
vestment derived  from  the  corneal  layer  :  these  are  the  Vestibula.  The 
vesicles  or  vestibules  then  close  and  become  pyriform ;  and  the  small  end 
pushes  out  a  hollow,  club-shaped  process,  1  processus  vestibuli,'  which  is 
connected  with  the  dura  mater,  its  peduncle  passing  through  the  Aquffi- 
ductus  vestibuli  to  the  Atrium.    Soon  afterwards  the  Cochlea  makes  its 
appearance  as  a  process  from  the  vestibule,  shooting  in  an  antero-infenor 
direction.    The  Semicircular  Canals  are  at  first  straight  tubes,  receiving 
their  characteristic  curvature  and  ampullae  at  a  later  period.  The  remain- 
ing portion  of  the  vestibule  forms  the  Fovea  hemispherica  and  the  Fovea 
hemi-elliptica.    The  petrous  portion  of  the  temporal  bone  is  developed 
from  a  thin  layer  of  connective  tissue  surrounding  the  labyrinth,  which 
subsequently  becomes  cartilaginous  (8th  week).    In  Man  the  cochlea 
makes  one  entire  turn  in  the  8th  week  j  at  the  end  of  the  3rd  month  the 
canal  is  complete.    The  spiral  lamina  is  not  completed  till  after  the  bt  i 
month. — The  modiola  and  the  spiral  lamina  only  ossify  in  the  last  months. 
The  Middle  Ear  (including  the  external  meatus,  tympanum,  and  Eusta- 
chian tube)  is  formed  by  the  partial  closure  of  the  first  branchial  clefl  a 
the  4th  week.     At  the  3rd  month  the  ossicula  are  formed,  and  are  tJie 
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seen  lying  over,  not  in,  the  tympanic  cavity,  imbedded  in  gelatinous 
tissue.  The  Eustachian  tube  remains  closed  during  the  whole  of  foetal 
lire  by  gelatinous  tissue,  the  cartilaginous  portion  being  formed  at  the 
4th  month.  The  mastoid  cells  only  appear  at  puberty.  The  membrana 
tvmpani  is  at  first  very  thick,  and  horizontal  in  position. — The  External 
Ear  is  developed  from  the  Annulus  tympanicus,  a  small  bone  which  can 
he  separated  at  birth,  and  gradually  elongates.  The  cartilage  and  auricle 
:ire  formed  from  the  skin  that  surrounds  the  outer  opening  of  the  first 
oranchial  cleft.  The  auditory  capsule  is  developed,  according  to  Huxley, 
from  three  separate  ossifications  arising  in  the  periotic  cartilaginous  mass ; 
— an  anterior  ossification,  the  prootic,  a  superior  and  posterior  one,  the 
lipiotic,  and  an  inferior  and  posterior  one,  the  opisthotic.  Of  the  three 
jjssicula  auditus,  the  stapes  is  the  proximal  portion  of  the  second  visceral 

rch.  It  is  the  equivalent  of  the  columella  of  air-breathing  ovipara,  and 
nrobably  of  the  symplectic  bone  in  fishes.  The  incus,  with  the  os 
i  rbiculare,  is  the  proximal  portion  of  the  first  visceral  arch.    In  the 

>wer  Vertebrata,  it  is  represented  by  the  os  quadratum.    The  mal- 

'us  is  the  distal  portion  of  the  first  visceral  arch,  and  is  the  modified  os 

rticulare  of  fish,  reptiles,  &c.  The  processus  gracilis,  at  an  early  period 
j  f  foetal  life,  is  the  cartilage  of  Meckel,  and  meets  its  fellow  in  the  middle 

ie  below  the  mouth,  forming  a  perfect  primordial  lower  jaw.    In  a 
V  scent  paper  by  Kollmann,*  it  is  maintained  that  the  aural  opening  pro- 
[•^eds,  not  from  the  first,  but  from  the  second  visceral  cleft ;  and  that  it 
the  third  visceral  arch  which  becomes  converted  into  the  concha, 
k  eatus  auditorius  externus,  and  the  tympanum. 
812.   Organ  of  Smell. — According  to  Baer,  the  nasal  fossae  are 
first  distinct  from  the  oral  cavity,  subsequently  communicate  with 
and  are  finally  divided  into  two  portions,  of  which  one  becomes  the 
Ispiratory  portion  of  the  nasal  cavity,  whilst  the  other  forms  the 
lae  olfactory  portion  and  labyrinth  of  the  Nose.    In  the  Human 
reject  two  depressions,  the  nasal  fossa?,  are  well  marked  at  the  end 
the  4th  week.     In  the  6th  week  these  fossa?  communicate  below 
»:th  the  oral  cavity  by  a  groove.     At  the  end  of  the  2nd  month 
I2  groove  closes,  and  the  labyrinth  communicates  with  the  most 
Interior  part  of  the  oral  cavity  by  means  of  two  narrow  orifices*  which 
1  i  themselves  rapidly  closed  by  the  formation  of  the  palate  dividing 

I }  nose  from  the  mouth,  slight  traces  of  them  remaining  in  adult 
|'<  in  the  Naso-palatine  foramen.  At  the  10th  week  the  posterior 
[|Mal  orifices  are  formed  on  either  side  of  the  Septum.  The  Labyrinth 
1 1- wholly  developed  from  the  corneal  layer  investing  the  nasal  fossa?. 
h|»is  fully  formed  at  the  close  of  the  3rd  month,  though  the  accessory 
&I  ities  of  the  frontal,  sphenoidal,  and  ethmoidal  sinuses,  with  the 
Strum  of  Highmore,  are  yet  absent,  and  are  not  completed  till  after 
6th  month.  The  outer  nose  begins  to  grow  out  from  the  nasal  part 
•J  the  primordial  cranium  about  the  end  of  the  2nd  month.  ^  In  the 

|  month  the  nasal  orifices  are  closed  by  a  gelatinous  plug,  which  dis- 
r  I  ears  after  the  5th  month,  and  seems  to  consist  of  mucus  and  epithelial 
4  <es.  As  to  the  share  of  the  nervous  system,  we  have  already  seen  that 
i  I  olfactory  tract  and  bulb  are  evolutions  of  the  1st  brain- vesicle,  and 
i J  hing  is  known  in  respect  of  the  development  of  the  nerves  from  the 
*  "  Zeits.  f.  Biologio,"  13d.  iv.  1868,  p.  284. 
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bulb.  Here  also,  therefore,  the  corneal  layer  plays  an  important  part. 
It  is,  however,  never  shut  off  as  a  closed  vesicle.  The  several  steps  of  the 
development  of  this  organ  are  met  with  in  the  various  classes  of  animals : 
the  small  closed  fossa?  remind  us  of  Fishes ;  the  short  nasal  ducts  opening 
into  the  anterior  part  of  the  mouth,  of  Batrachians,  &c. 

813.  The  extremities  (Fig.  253,  q  q,  r  r)  appear  in  Man  about  the  fourtl 
week,  as  small  and  undivided  stumps  from  the  lateral  plate  ;  those  of  th 
upper  extremity  appearing  first :  a  division  into  two  principal  parts  takes- 
place  in  the  fifth  week ;  one  of  which  is  broad,  and  shows  about  the  fifth 
week  four  indentations;  the  other  is  more  cylindrical,  and  subdivides  into 
fore  and  upper  arm  about  the  eighth  week.  The  two  extremities  are  very 
similar  in  form  up  to  this  period,  their  distinctive  characters  only 
appearing  well  marked  at  the  third  month.  All  the  bones  which  ente: 
into  their  composition  pass  through  stages  of  development  similar  tc 
those  that  have  been  already  described  as  occurring  in  the  bones  of  th( 
vertebral  column  and  skull.  In  the  first  instance  only  a  soft  blastem* 
or  indifferent  tissue  appears  in  the  place  of  the  future  bone  :  but  this 
gradually  developes  into  cartilage,  the  conversion  being  complete  about  th< 
end  of  the  second  or  the  commencement  of  the  third  month,  and  in  th( 
cartilage  again  points  of  ossification  make  their  appearance,  with  greal 
though  not  absolute  precision,  for  each  bone,  not  only  as  regards  number 
but  also  as  to  time  and  position.* 

814.  Of  Sex. — The  conditions  on  which  the  differentiation  of  sex 
immediately  depend  are  as  yet  extremely  obscure.  M.  Marc  Thury,f 
who  has  paid  great  attention  to  this  subject  in  cattle,  has  arrived  at  th 
conclusion  (which  however  demands  much  confirmatory  evidence  for 
establishment)  that  the  sex  of  the  progeny  of  a  particular  act  of  sexual 
intercourse  is  dependent  upon  the  period  of  menstruation  (in  women), 
or  of  rut  (in  animals),  at  which  the  impregnation  of  the  ovum  takes 
place.  If  this  occur  at  the  commencement  of  the  period,  the  offspring 
will  invariably  be  a  female  ;  if  towards  the  close,  male  :  the  cause  of  th 
difference  being  the  more  advanced  stage  of  maturation  of  the  ovum  n 
the  latter  case,  owing  to  its  having  been  for  a  longer  period  exposed  to 
the  warmth  of  the  body  of  the  mother.  PlossJ  attributes  the  sex  of  th " 
child 'to  the  quantity  and  quality  of  the  nutriment  received  by  th 
mother  during  pregnancy,  since  from  a  review  of  various  countries,  and 
a  comparison  of  the  relative  numbers  of  males  and  females  born,  a 
finds  that,  when  the  food  is  abundant  and  plentiful,  the  proportion  o: 
females  rises;  whilst,  under  opposite  conditions,  males  are  mos' 
frequent.  In  mountainous  countries  the  number  of  males  also  increases 
relatively.  Preussen  (loc,  cit.),  however,  on  the  other  hand,  considers  thai 
better  and  more  abundant  food  is  required  by  the  mother  for  the  pro- 
duction of  males. — There  is  strong  statistical  evidence  that  the  relative 
numbers  of  Males  and  Females  are  in  some  way  influenced  by  the  re- 
lative ages  of  the  parents.  The  following  table  expresses  the  averag 
results  collected  by  M.  Hofacker§  in  Germany,  and  by  Mr.  Sadler||  i 
Britain ;  between  which  it  will  be  seen  that  there  is  a  very  striu  g 

*  See  Kolliker,  loc.  cit.,  p.  222.  Qr„ 
t  "Notice  on  the  Law  of  Production  of  Sexes,"  &c,  PamPillcVn  f  1«29 
t  Hcnle  and  Meissner,  1860  p.  210.     §  "Annales  d'Hygienc,   Vet.  »». 
II  "Law  of  Population,"  vol.  ii.  p.  343. 
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general  correspondence,  although  both  were  drawn  from  a  too-limited 
series  of  observations.  The  numbers  indicate  the  proportion  of  Male 
births  to  100  Females,  under  the  several  conditions  mentioned  in  the 
first  column : — 


Hofacker. 

Father  younger  than  Mother  .  .    90- 6 

Father  and  Mother  of  equal  age  .  90.0 

Father  older  by  1  to  6  years  .  .  103*4 

„        6  to  9    „     .  .  124  7 

„       „        9  to  18    „     .  .  143-7 

„       „       18  and  more    .  .  2000 


Sadler. 

Fatber  younger  than  Mother  .  .    86  5 

Father  and  Mother  of  equal  age  .  94*8 

Father  older  by  1  to   6  years  .  .  103-7 

„       „        6  to  11     „     .  .  126-7 

„       11  to  16    „     .  .  147-7 

,,       16  and  more     .  .  163-2 


From  this  it  appears,  that  the  more  advanced  age  of  the  Male  parent 
has  a  very  decided  influence  in  occasioning  a  preponderance  in  the 
number  of  Male  infants ;  and  this  tallies  with  the  fact,  that  taking  the 
average  of  the  whole  of  Europe,  over  which  (as  a  general  rule)  the  state 
and  customs  of  society  bring-about  a  decided  preponderance  of  age, 
among  married  couples,  on  the  side  of  the  husband,  the  proportion  is 
about  106  males  to  100  females.    This  does  not  hold  good,  however,  in 
regard  to  illegitimate  offspring,  the  parents  of  which  may  generally  be 
presumed  to  be  more  nearly  on  an  equality  in  this  respect ;  and  it  is 
curious  that  the  proportion  of  these  has  averaged  102*5  males  to  100 
temales,  in  places  where  the  proportion  of  legitimate  births  was  105f 
males  to  100  females. — We  are  not  likely  to  obtain  data  equally  satis- 
factory in  regard  to  the  influence  of  more  advanced  age  on  the  part  of 
the  Female  parent ;  as  a  difference  of  10  or  15  years  on  that  side  is  not 
so  common.    If  it  exist  to  the  same  extent,  it  is  probable  that  the  same 
law  would  be  found  to  prevail  in  regard  to  Female  children  born  under 
such  circumstances,  as  will  be  stated  (§  815)  with  respect  to  the  Male  ; — 
namely,  that  the  mortality  is  greater  during  embryonic  life  and  early 
nfancy,  so  that  the  preponderance  is  reduced.    Even  at  birth,  there  is  a 
:  manifest  difference  in  the  physical  conditions  of  infants  of  different 
sexes ;  for,  in  the  average  of  a  large  number,  there  is  a  decided  prepon- 
derance on  the  side  of  the  Males,  both  as  to  the  length  and  the  weight 
I  :>f  the  body.    And  it  seems  not  improbable  that  this  difference  has  a 
lecided  influence  upon  the  greater  loss  of  life  in  the  act  of  parturition, 
vhich  occurs  among  Male  infants, 
i.  The  Length  of  the  body  in  fifty  new-born  infants  of  each  sex,  as 
i- iscertained  by  Quetelet,*  was  as  follows  : — 

Males.      Females.  Total. 
From  16  to  17  inchest  (French)  .    ...     2    ...     4    ...  6 


17  to  18 

18  to  19 

19  to  20 

20  to  21 


8  ...  19  ...  27 

28  ...  18  ...  46 

12  ...  8  ...  20 

0  ...  1  ...  1 


^rom  these  observations,  the  mean  and  the  extremes  of  the  Lengths 
f  the  male  and  female  respectively,  were  calculated  to  be, — 

Males.  Females. 

Minimum    .    .    .    16  inches,  2  lines.  ...  16  inches,  2  lines. 

Mean  18     „     6    „  •••  J8     „     14  „ 

Maximum    ...    19     „     8    „  •••  20     »     6  „ 


♦  "  Sur  l'Homme,"  torn  H.  p.  8. 
t  The  French  inch  is  about  one-fifteenth  moro  than  tho  English. 
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Notwithstanding  that  the  maximum  is  here  on  the  side  of  the  Female 
(this  being  an  accidental  result,  which  would  probably  have  been  other- 
wise, had  a  larger  number  been  examined),  the  average  shows  a 
difference  of  4|  lines  in  favour  of  the  Male. 

II.  The  inequality  in  the  Weights  of  the  two  is  even  more  remarkable ; 
the  observations  of  M.  Quetelet*  were  made  upon  63  male  and  56  female 
infants. 


Infants  weighing  from 

Males. 

Females. 

Total. 

1   to  14  kilog.f .    .  . 

1 

1 

14  to  2      „      .    .  . 

.    .     0  . 

1 

1 

2   to  24    „      .    .  . 

.    .  3 

7 

10 

24  to  8      „      .    .  . 

.    .  13 

14 

27 

3   to  34    „      .    .  . 

.    .  28 

23 

51 

34  to  4  

.    .  14 

7 

21 

4  to  44    „      .    .  . 

.  5 

3 

8 

The  extremes  and  means  were  as  follows : — 


Males.  Females. 

Minimum  2*34kilog.  ...  1*12 

Mean   3  20    „  ...  2-91 

Maximum     .    ...   4-50    „  ...  4-25 

111.  The  average  Weight  of  infants  of  both  sexes,  as  determined  by 
these  inquiries,  is  3 '05  kilog.  or  6*77  lbs.  ;  and  this  corresponds  almost 
exactly  with  the  statement  of  Chaussier,  whose  observations  were  made 
upon  more  than  20,000  infants.  The  mean  obtained  by  him,  without 
reference  to  distinction  of  sex,  was  6*75  lbs. ;  the  maximum  being 
11*3  lbs.,  and  the  minimum  3'2  lbs.|  The  average  in  this  country  is 
probably  rather  higher ;  according  to  Dr.  J oseph  Clarke,§  whose  in- 
quiries were  made  on  60  males  and  60  females,  the  average  of  Male 
children  is  7^  lbs.,  and  that  of  Females  6|  lbs.  He  adds  that  children 
which  at  the  lull  time  weigh  less  than  5  lbs.  rarely  thrive;  being  gene- 
rally feeble  in  their  actions,  and  dying  within  a  short  time.  Several 
instances  are  on  record,  of  infants  whose  weight  at  birth  exceeded  15  lbs. 
It  appears  that  healthy  females,  living  in  the  country,  and  engaged  in 
active  but  not  over -fatiguing  occupations,  have  generally  the  largest 
children ;  and  this  is  what  might  be  expected  &  priori,  from  the  superior 
energy  of  their  nutritive  functions. 

815.  There  appears  to  be,  from  the  first,  a  difference  in  the  Viability 
(or  probability  of  life)  of  Male  and  Female  children ;  for,  out  of  the 
total  number  born  dead,  there  are  3  Males  to  2  Females  :  this  propor- 
tion gradually  lessens,  however,  during  early  infancy  ;  being  about  4  to 
3  during  the  first  two  months,  and  about  4  to  5  during  the  next  three 
months;  after  which  time  the  deaths  are  nearly  in  proportion  to  the 
numbers  of  the  two  sexes  respectively,  until  the  age  of  puberty.  1 
viability  of  the  two  sexes  continues  to  increase  during  childhood ;  an 
attains  its  maximum  between  the  13th  and  14th  years.  For  asii  ^ 
time  after  this  epoch  has  been  passed,  the  rate  of  mortality  is  nigner 

*  Op.  cit.  torn.  ii.  p.  35. 

t  The  kilogramme  is  equal  to  2  22  lbs.  avoirdupois.  .      .   ,      ks ; 

£  These  numbers  have  been  erroneously  stated  m  many  Physiolog c su 
owing  to  the  difference  between  the  French  and  English  pound  notnavws 
allowed-f'or.  §  "  Philosophical  Transactions,  vol.  ixxvi. 
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females  than  in  Males ;  but  from  about  the  age  of  18  to  28,  the  mortality 
B  much  greater  in  Males,  being  at  its  maximum  at  25,  when  the  viability 
5  only  half  what  it  is  at  puberty.    The  fact  is  a  very  striking  one ; 
ad  shows  most  forcibly  that  the  indulgence  of  the  passions  not  only 
weakens  the  health,  but  in  a  great  number  of  instances  is  the  cause  of 
very  premature  death.    From  the  age  of  28  to  that  of  50,  the  mor- 
ality is  greater  and  the  viability  less  on  the  side  of  the  Female ;  this  is 
-hat  would  be  anticipated  from  the  increased  risk  to  which  she  is  liable 
uring  the  partvirient  period.  After  the  age  of  50,  the  mortality  is  nearly 
ie  same  for  both. — These  facts  have  been  expressed  by  Quetelet*  in  a 
•mi  which  brings  them  prominently  before  the  eye  (Fig.  270).  The 


Fig.  270. 


1UO 


J    10    IS   ?0    2J  30         hO  50         CO         70  80 

Diagram  representing  the  Comparative  Viability  of  the  Male  and  Female  at  different  Ages. 

Ltive  viability  of  the  Male  at  different  ages  is  represented  by  a  curved 
h;  the  elevation  of  which  indicates  its  degree,  at  the  respective 
lioda  marked  along  the  base  line.    The  dotted  line,  which  follows  a 
I  'erent  curve,  represents  the  viability  of  the  Female.    Starting  from  a, 
\  period  of  birth,  we  arrive  at  the  maximum  of  viability  for  both  at 
If  from  this  point,  the  Female  curve  steadily  descends  towards  n,  at 
t 1  very  rapidly,  but  afterwards  more  gradually ;  whilst  the  male  curve 
«  not  descend  quite    so  soon,  but  afterwards  falls  much  lower,  its 
limum  being  c,  which  corresponds  with  the  age  of  25  years.  It 
irwards  ascends  to  d,  which  is  the  maximum  of  viability  sub- 
|  uently  to  the  age  of  puberty ;  this  point  is  attained  at  the  age  of 

*  Op.  cit. 
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30  years,  from  which  period  up  to  50,  the  probability  of  life  is  greater 
in  the  Male  than  in  the  Female.  In  the  decline  of  life,  there  seems 
little  or  no  difference  for  the  two  sexes. 

816.  Similar  diagrams  have  been  constructed  by  Quetelet,to  indicate 
the  relative  Heights  and  Weights  of  the  two  sexes  at  different  ages  (Fig. 
271)- — In  regard  to  Height  it  maybe  observed,  that  the  increase  is  most 

Fig.  271. 
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Diagram  representing  the  Comparative  Heights  and  Weights  of  the  Male  and  Female  at 

different  Ages. 

rapid  in  the  first  year,  and  that  it  afterwards  diminishes  gradually  ;  be- 
tween the  ages  of  5  and  1 6  years,  the  annual  increase  is  very  regular. 
The  difference  between  the  Height  of  the  Male  and  Female,  which  has 
been  already  stated  to  present  itself  at  birth,  continues  to  increase  during 
infancy  and  youth  ;  it  is  not  very  decided,  however,  until  about  the  15th 
year,  after  which  the  growth  of  the  Female  proceeds  at  a  much-dimi- 
nished rate,  whilst  that  of  the  Male  continues  in  nearly  the  same  degree, 
until  about  the  age  of  19  years.  It  appears,  then,  that  the  Female  comes 
to  her  full  development  in  regard  to  Height,  earlier  than  does  the  Male. 
It  seems  probable,  from  the  observations  of  Quetelet,  that  the  full  Height 
of  the  Male  is  not  generally  attained  until  the  age  of  25  years.  At 
about  the  age  of  50,  both  Male  and  Female  undergo  a  diminution  ol 
their  stature,  which  continues  during  the  latter  part  of  life. — The  pro- 
portional  Weight  of  the  two  sexes  at  different  periods,  corresponds 
pretty  closely  with  their  height.    Starting  from  birth,  the  predominance 
then  exhibited  by  the  Male  gradually  increases  during  the  first  vsw 
years ;  but  towards  the  period  of  puberty,  the  proportional  Jf*Sht  ° 
the  Female  increases ;  and  at  the  age  of  12  years,  there  is  no  differenc^ 
between  the  two  sexes  in  this  respect.    The  weight  of  the  Male,  How- 
ever, then  increases  much  more  rapidly  than  that  of  the  Female,  esp 
pecially  between  the  ages  of  15  and  20  years ;  after  the  latter  period,  tner 
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is  no  considerable  increase  on  the  side  of  the  Male,  though  his  maximum 
is  not  attained  until  the  age  of  40  ;  and  there  is  an  absolute  diminution 
on  the  part  of  the  Female,  whose  weight  remains  less  during  nearly  the 
whole  period  of  child-bearing.  After  the  termination  of  the  parturient 
period,  the  weight  of  the  Female  again  undergoes  an  increase,  and  its 
maximum  is  attained  at  about  50.  In  old  age,  the  weight  of  both  sexes 
undergoes  a  diminution  in  nearly  the  same  degree.  The  average  Weights 
)f  the  Male  and  Female  that  have  attained  their  full  development,  are  20 
imes  those  of  the  new-born  Infants  of  the  two  sexes  respectively.  The 
Eeights,  on  the  other  hand,  are  about  3^  times  as  great. 

817.  The  chief  differences  in  the  Constitution  of  the  two  sexes,  manifest 
hemselves  during  the  period  when  the  Generative  function  of  each  is  in 
■  ts  greatest  vigour.  Many  of  these  distinctions  have  been  already  alluded- 
o ;  but  there  are  others  of  too  great  importance  to  be  overlooked  ;  and 
hese  chiefly  relate  to  the  Nervous  System  and  its  functions.    There  is 
io  obvious  structural  difference  in  the  Nervous  System  of  the  two  sexes 
putting  aside  the  local  peculiarities  of  its  distribution  to  the  organs  of 
eneration),  save  the  inferior  size  of  the  Cerebral  Hemispheres  in  the 
'ernale.    This  difference,  which  is  not  observed  in  other  parts  of  the 
Incephalon,  is  readily  accounted-for  on  the  principles  formerly  stated 
§  572),  when  we  compare  the  psychical  character  of  Woman  with  that 
f  Man  ;  for  there  can  be  no  doubt  that — putting  aside  the  exceptional 
lses  which  now  and  then  occur — the  intellectual  powers  of  Woman  are 
iferior  to  those  of  Man.    Her  intuitive  powers  are  certainly  greater 
lan  his ;  her  perceptions  are  more  acute,  her  apprehensions  quicker  ; 
id  she  has  a  remarkable  power  of  interpreting  the  feelings  of  others, 
hich  gives  to  her,  not  only  a  much  more  ready  sympathy  with  them, 
at  that  facility  in  guiding  her  actions  so  as  to  be  in  accordance  with 
leiem,  which  we  call  tact.    This  tact  bears  a  close  correspondence  with 
k'.e  unconscious  adaptiveness  to  particular  ends,  which  we  see  in  Instinc- 
v  ve  actions.  Notwithstanding  the  superiority  of  her  perceptive  faculties, 
|:  ar  capability  of  sustained  mental  exertion  is  much  less ;  and  though 
Itsr  views  are  often  peculiarly  distinguished  by  the  clearness  and  deci- 
|;on  which  result  from  the  strength  of  her  intuitive  sense,  they  are  gene- 
»  dly  deficient  in  that  comprehensiveness  which  brings  the  whole  case  to 
I )  judged-of,  and  which  is  consequently  necessary  for  their  stability. 
I  rith  less  of  volitional  power  than  Man  possesses,  she  has  the  emotional 
I.  a  much  stronger  degree.    The  emotions,  therefore,  predominate ;  and 
1  ore  frequently  become  the  leading  springs  of  action,  than  they  do  in 
I  an.    By  their  direct  influence  upon  the  bodily  frame,  they  produce 
luanges  in  the  Organic  functions,  which  far  surpass  in  degree  anything 
the  same  kind  that  we  ordinarily  witness  in  Man ;  and  they  thus  not 
\ ^frequently  occasion  symptoms  of  an  anomalous  kind,  which  are  very 
I  tfplexing  to  the  Medical  practitioner,  though  very  interesting  to  the 
I  lysiological  observer.    But  they  also  act  as  powerful  motives  to  the 
[  ill ;  and,  when  strongly  called-forth,  produce  a  degree  of  vigour  and 
I  termination,  which  is  very  surprising  to  those  who  have  usually  seen 
I  e  individual  under  a  different  aspect.    But  this  vigour,  being  due  to 
jj  e  strong  excitement  of  the  Feelings,  and  not  to  any  inherent  strength 
Intellect,  is  only  sustained  during  the  persistence  of  the  motive,  and 
5 1  Is  as  soon  as  this  subsides.    The  feelings  of  Woman,  being  frequently 
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called-forth  by  the  occurrences  she  witnesses  around  her,  are  naturally 
more  disinterested  than  those  of  Man  ;  his  energy  is  more  concentrated 
upon  one  object ;  and  to  this  his  Intellect  is  directed  with  an  earnest- 
ness that  too  frequently  either  blunts  his  feelings,  or  carries  them  alone 
in  the  same  channel,  thus  rendering  them  selfish. — In  regard  to  the 
inferior  development  of  her  Intellectual  powers,  therefore,  and  to  the  I 
predominance  of  the  Instinctive,  Woman  must  be  considered  as  ranking  I 
below  Man ;  but  in  the  superior  purity  and  elevation  of  her  Feelings  I 
she  is  as  highly  raised  above  him.    Her  whole  character,  Psychical  as 
well  as  Corporeal,  is  beautifully  adapted  to  supply  what  is  deficient  in 
Man ;  and  to  elevate  and  refine  those  powers  which  might  otherwise  be 
directed  to  low  and  selfish  objects. 

5.  Of  Lactation. 

818.  The  new-born  Infant  in  the  Human  species,  as  in  the  class  of 
Mammalia  generally,  is  supplied  with  nourishment  by  a  secretion  elabo-  I 
rated  from  the  blood  of  its  maternal  parent,  by  certain  glandular  organs  I 
known  as  the  Mammary.    The  structure  of  these,  which  has  been  tho-  I 
roughly  investigated  by  Sir  A.  Cooper*  and  Mr.  Birkett,j"  is  extremely  I 
simple.    Each  gland  is  composed  of  a  number  of  separate  glandules, 
which  are  connected  together  by  fibrous  or  fascial  tissue,  in  such  a  manner 
as  to  allow  a  certain  degree  of  mobility  of  its  parts,  one  upon  another, 
which  may  accommodate  them  to  the  actions  of  the  Pectoralis  muscle  I 
whereon  they  are  bound-down  ;  and  the  glandules  are  also  connected  by 
the  ramifications  of  the  lactiferous  tubes,  which  intermingle  with  one 
another  in  such  a  manner  as  to  destroy  the  simplicity  and  uniformity  of 
their  divisions,  although  they  rarely  inosculate.    The  mammillary  tubes, 
or  terminal  ducts  contained  in  the  nipple,  are  usually  about  ten  or  twelve 
in  number  ;  they  are  straight,  but  of  somewhat  variable  size ;  and  their 
orifices,  which  are  situated  in  the  centre  of  the  nipple,  and  are  usually 
concealed  by  the  overlapping  of  its  sides,  are  narrower  than  the  tubes 
themselves.  At  the  base  of  the  nipple,  these  tubes  dilate  into  reservoirs, 
which  extend  beneath  the  areola  and  to  some  distance  into  the  gland, 
when  the  breast  is  in  a  state  of  lactation.    These  are  much  larger  in 
many  of  the  lower  Mammalia  than  in  the  Human  female,  in  whom  then 
use  is  to  supply  the  immediate  wants  of  the  child  when  it  is  first  applied 
to  the  breast,  so  that  it  shall  not  be  disappointed,  but  shall  be  induced 
to  proceed  with  sucking  until  the  '  draught'  be  occasioned  (§  729).  From 
each  of  these  reservoirs  commence  five  or  six  branches  of  the  lactiferous 
tubes,  each  of  which  speedily  subdivides  into  smaller  ones ;  and  these 
again  divaricate,  until  their  size  is  very  much  reduced,  and  their  ex  en 
greatly  increased  (Fig.  272.)    These,  like  the  reservoirs  and  mammillary 
tubes,  are  composed  of  a  fibrous  coat  lined  by  a  mucous  membrane ; 
latter  is  highly  vascular,  and  forms  a  secretion  of  its  own,  which  so  - 
times  collects  in  considerable  quantity  when  the  milk  ceases  to  be  p 
duced.    The  smaller  subdivisions  of  the  lactiferous  tubes  proceed  to 
tinct  lobuli  in  each  glandule  ;  so  that  when  a  branch  of  a  mal"n"/i;1 
tube  has  been  filled  with  injection,  its  attached  lobules,  if  separated 

*  "  On  the  Anatomy  of  the  Breast,"  1840. 
+  "  The  Diseases  of  the  Breast,  and  their  Treatment,  185U- 
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ich  other  by  long  maceration,  are  like  a  bunch  of  fruits  clustered  upon 
;stalk  (Fig.  273).    When  the  lactiferous  tubes  are  pursued  to  their 
timate  distribution,  they  are  found  to  terminate  in  follicles,  whose  size, 
full  lactation,  is  that  of  a  hole  pricked  in  paper  by  the  point  of  a  very 
ee  pin,  so  that,  when  distended  with  quicksilver  or  milk,  they  are  just 
.sible  to  the  naked  eye ;  at  other  times,  however,  the  follicles  do  not 
:.imit  of  being  injected,  though  the  lactilerous  tubes  may  have  been  com- 
etely  filled.    They  are  lined  by  a  continuation  of  the  same  membrane 
,th  that  which  lines  the  ducts ;  and  this  possesses  a  high  vascularity. 

Fig.  272. 


ibution  of  the  Milk-duett  in  the  Mamma  of  the  Human  Female,  during  lactation;  the  ducts 

injected  with  wax. 


arteries  which  supply  the  glandules  with  blood,  become  very  large 
ig  lactation  ;  and  their  divisions  spread  themselves  minutely  on  the 
les.  From  the  blood  which  they  convey,  the  milk  is  secreted  and 
jd  into  the  follicles,  whence  it  flows  into  the  ducts.  The  inner  sur- 
)f  the  milk-follicles,  in  common  with  other  glandular  structures,  is 
ed  with  a  layer  of  epithelium-cells  (Fig.  274),  as  was  first  observed 
rof.  Goodsir;  and  these,  being  seen  to  contain  milk-globules,  may 
t|  ut  doubt  be  regarded  as  the  real  agents  in  the  secreting  process. 
41  -bent  vessels  are  seen  to  arise  in  large  numbers  in  the  neighbour- 
mx>f  the  follicles ;  their  function  appears  to  be,  to  absorb  the  more 


.: 
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watery  part  of  the  milk  contained  in  the  follicles  and  tubes  so  as  J 
render  it  more  nutrient  than  it  is  when  first  secreted ;  and  also  to  relieve] 

Fig.  273.  Fig.  274. 


Termination  of  portion  of 
Milk-duct  in  a  cluster  offolli-  Ultimate  follicles  of  Mammary 

cles;  from  a  mercurial  injec-  gland,  with  their  secreting  cells, 

tion ;  enlarged  four  times.  a,  a,  and  nuclei,  6,  b. 


the  distension  which  would  occur,  during  the  absence  of  the  child,  from 
the  continuance  of  the  secreting  process. 

819.  The  Mammary  gland  may  be  detected  at  an  early  period  of  foetal 
existence  ;  being  easily  distinguishable  from  the  surrounding  parts  by  the 
redness  of  its  colour  and  its  high  vascularity,  especially  when  the  whole 
is  injected.    At  this  period  it  presents  no  difference  in  the  male  and 
female  ;  and  it  is  not  until  near  the  period  of  puberty  that  any  striking 
change  manifests  itself,  the  gland  continuing  to  grow,  in  the  one  sex  as 
in  the  other,  in  proportion  to  the  body  at  large.    At  about  the  age  of] 
thirteen  years,  however,  the  enlargement  of  the  gland  commences  in  the 
Female  :  and  by  sixteen,  it  is  greatly  evolved,  and  some  of  the  lactiferous 
tubes  can  be  injected.    At  about  the  age  of  twenty,  the  gland  attains  its 
full  size  previous  to  lactation  ;  but  the  milk-follicles  cannot  even  then  be 
injected  from  the  tubes.     During  pregnancy,  the  mammae  receive  a 
greatly-increased  quantity  of  blood.  This  determination  often  commences 
very  early,  and  produces  a  feeling  of  tenderness  and  distension,  which  is  a 
valuable  sign  (where  it  exists  in  connection  with  others)  of  the  commence- 
ment of  gestation  (§  766).    A  true  lacteal  secretion  usually  commences  I 
about  the  third  or  fourth  month  of  pregnancy,  and  may  be  obtained  by  I 
pressure  carefully  applied.    This  may  be  turned  to  useful  account,  in  I 
diagnosing  cases  of  concealed  or  doubtful  pregnancy  from  cases  of  simple  I 
suppression  of  the  catamenia;  but  it  will  not  serve  to  distinguish  true 
pregnancy  from  spurious,  or  from  the  distension  of  the  uterus  by  tumours.  I 
The  vascularity  of  the  gland  continues  to  increase  during  pregnancy ; 
and  at  the  time  of  parturition  its  lobulated  character  can  be  distinctly  j 
i  felt.    The  follicles  are  not,  however,  developed  sufficiently  for  injection, I 
until  lactation  has  commenced.    After  the  cessation  of  the  catamenia 
fr,om  age,  so  that  pregnancy  is  no  longer  possible,  the  lactiferous  ducts 
continue  open,  but  the  milk-follicles  are  incapable  of  receiving  injection. 
The  substance  of  the  glandules  gradually  disappears,  so  that  in  old  age 
only  portions  of  the  ducts  remain,  which  are  usually  loaded  with  mucus; 
but  the  place  of  the  glandules  is  commonly  filled-up  by  adipose  tissue,  so 
that  the  form  of  the  breast  is  preserved.   Sir  A.  Cooper  notices  a  curious 
change,  which  he  states  to  be  almost  invariable  with  age — namely,  the  i 

*  See  a  valuable  paper  by  Dr.  Peddie,  'On  the  Mammary  Secretion,'  in  the 
"  Edinb.  Monthly  Journal,"  Aug.  1848. 
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ossification  of  the  arteries  of  the  breast,  the  large  trunks  as  well 
as  the  branches,  so  that  their  calibre  is  greatly  diminished  or  even 
obliterated. 

820.  The  Mammary  gland  of  the  Male  is  a  sort  of  miniature  picture  of 
that  of  the  Female.  It  varies  extremely  in  its  magnitude  ;  being  in  some 
persons  of  the  size  of  a  large  pea ;  whilst  in  others  it  is  an  inch,  or  even 
two  inches,  in  diameter.  In  its  structure  it  corresponds  exactly  with 
that  of  the  female,  but  is  altogether  formed  on  a  smaller  scale.  It  is  com- 
posed of  lobules  containing  follicles,  from  which  ducts  arise ;  and  these 
follicles  and  ducts  are  not  too  minute  to  be  injected,  although  with  diffi- 
culty. The  evolution  of  the  gland  goes-on  pari  passu  with  that  of  the 
body,  not  undergoing  an  increase  at  any  particular  period ;  it  is  sometimes 
of  considerable  size  in  old  age.  A  fluid,  which  is  probably  mucus,  may 
be  pressed  from  the  nipple  in  many  persons ;  and  this  in  the  dead  body, 
with  even  more  facility  than  in  the  living.  That  the  essential  character 
of  the  gland  is  the  same  in  the  male  as  in  the  female,  is  shown  by  the 
instances,  of  which  there  are  now  several  on  record,  in  which  infants 
have  been  suckled  by  men  (§  821 ). 

821.  Although  the  state  of  functional  activity  in  the  Mammary  gland 
is  usually  limited  to  the  epoch  succeeding  Parturition,  yet  this  is  not 
invariably  the  case ;  for  numerous  instances  are  on  record,  in  which 
young  women  who  have  never  borne  children,  and  even  old  women  long 
past  the  period  of  child-bearing,  have  had  such  a  copious  flow  of  milk  as 
to  be  able  to  act  as  efficient  nurses.*  In  these  cases,  the  strong  desire 
to  furnish  milk,  and  continued  irritation  of  the  nipple  by  the  infant's 
mouth,  seem  to  have  furnished  the  stimulus  requisite  for  the  formation 
of  the  secretion,  and  it  has  been  found  that  this  is  usually  adequate  to 
restore  the  secretion ;  after  it  has  been  intermitted  for  some  months  during 
the  ordinary  period  of  lactation,  in  consequence  of  disorder  or  debility  on 
the  part  of  the  mother,  or  any  other  cause ;  so  that  where  her  condition 
renders  it  advisable  that  she  should  discontinue  nursing  for  a  time,  the 
child  may  be  withdrawn  and  the  milk  '  dried-up,'  with  a  confident 
expectation  that  the  secretion  may  be  reproduced  subsequently,  f  Dr. 
M' William  mentions  in  his  report  of  the  Niger  Expedition, J  that  the 
inhabitants  of  Bona  Vista  (Cape  de  Verd  Island)  are  accustomed  to 
provide  a  wet-nurse  in  cases  of  emergency,  in  the  person  of  any  woman 
who  has  once  borne  a  child  and  is  still  within  the  age  of  child-bearing, 
by  continued  fomentation  of  the  mamma  with  a  decoction  of  the  leaves 
of  the  jatropha  curcas,  and  by  suction  of  the  nipple. — The  most  curious 
fact,  however,  is  that  even  Men  should  occasionally  be  able  to  perform 
Jie  duties  of  nurses,  and  should  furnish  an  adequate  supply  of  infantile 
lutriment.    Several  cases  of  this  kind  are  upon  record,§  but  one  of  the 

*  A  collection  of  such  cases  is  given  in  Dr.  Dunglison's  "Human  Physiology," 
fth  edit.,  vol.  ii.  p.  513. 

t  See  an  account  of  M.  Trousseau's  experience  on  this  point,  in  "  L'Union  Me"di- 
;ale,"  1852,  No.  7  ;  and  paper  by  Dr.  Ballou  in  the  "  Amer.  Journ.  of  Med.  Sci.," 
ran.  1852. 

t  "  Medical  Gazette,"  Jan.  1847. 
|    §  See  the  case  described  by  the  Bishop  of  Cork,  in  the  "  Philosophical  Transac- 
■wb,"  vol.  xli.  p.  813  :  one  mentioned  by  Sir  John  Franklin  (''  Narrative  of  a  Journey 
f  o  the  Polar  Sea,"  p.  157) :  and  one  which  fell  under  the  notice  of  the  celebrated 
raveller  Humboldt  ("  Personal  Narrative,"  vol.  iii.  p.  58). 
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most  recent  and  authentic  is  that  given  by  Dr.  Dunglison.*  "  Professor 
Hall,  of  the  University  of  Maryland,  exhibited  to  his  Obstetrical  class,  in 
the  year  1837,  a  coloured  man,  fifty-five  years  of  age,  who  had  large, 
soft,  •well-formed  mammas,  rather  more  conical  than  those  of  the  female 
and  projecting  fully  seven  inches  from  the  chest ;  with  perfect  and  large 
nipples.  The  glandular  structure  seemed  to  the  touch  to  be  exactly  like 
that  of  the  female.  This  man  had  officiated  as  wet-nurse  for  several 
years  in  the  family  of  his  mistress ;  and  he  represented  that  the  secretion 
of  milk  was  induced  by  applying  the  children  entrusted  to  his  care,  to  the 
breasts  during  the  night.  When  the  milk  was  no  longer  required,  great 
difficulty  was  experienced  in  arresting  the  secretion.  His  genital  organs 
were  fully  developed."  Corresponding  facts  are  also  recorded  of  the 
male  of  several  of  the  lower  animals. 

822.  The  secretion  of  Milk  consists  of  "Water  holding  in  solution 
Sugar,  various  Saline  ingredients,  and  the  peculiar  albuminous  substance 
termed  Casein ;  and  having  Oleaginous  particles  suspended  in  it.  Its 
reaction  is  sometimes  alkaline,  sometimes  neutral,  and  sometimes  acid. 
Cows'  milk  is  usually,  and  the  milk  of  Carnivora  always,  acid,]"  from 
the  presence  of  free  lactic  acid.  The  constitution  of  this  fluid  is  made 
evident  by  the  ordinary  processes  to  which  it  is  subjected  in  domestic 
economy.  If  it  be  allowed  to  stand  for  some  time,  exposed  to  the  air, 
the  greater  part  of  the  oleaginous  globules  come  to  the  surface,  being  of 
less  specific  gravity  than  the  fluid  through  which  they  are  diffused :  this 
is  especially  the  case  with  the  larger  facetted  globules,  which  have  been 
hence  distinguished  as  '  cream  globules.'  The  cream  thus  formed  does 
not,  however,  consist  of  oily  particles  alone  ;  but  includes  a  considerable 
amount  of  casein,  with  the  sugar  and  salts  of  the  milk.  These  are 
further  separated  by  the  continued  agitation  of  the  cream ;  which,  by 
rupturing  the  envelopes  of  the  oil-globules,  separates  it  into  butter, 
formed  by  their  aggregation,  and  buttermilk,  containing  the  casein, 
sugar,  &c.  A  considerable  quantity  of  casein,  however,  is  entangled 
with  the  oleaginous  matter,  and  this  has  a  tendency  to  decompose,  so  as 
to  render  the  butter  rancid  ;  it  may  be  separated  by  keeping  the  butter 
melted  at  the  temperature  of  180°,  when  the  casein  will  fall  to  the 
bottom,  leaving  the  butter  pure  and  much  less  liable  to  change. — The 
milk,  after  the  cream  has  been  removed,  still  contains  the  greatest  part 
of  its  casein  and  sugar.  If  it  be  kept  long  enough,  a  spontaneous  change 
takes-place  in  its  composition ;  the  sugar  is  converted  into  lactic  acid, 
and  this  coagulates  the  casein,  precipitating  it  in  small  flakes.  The 
same  precipitation  may  be  accomplished  at  any  time  by  the  addition  ot 
an  acid ;  all  the  acids,  however,  which  act  upon  albumen,  do  not  pre- 
cipitate casein,  as  will  presently  be  pointed-out  in  detail ;  the  mos 
effectual  is  that  contained  in  the  dried  stomach  of  a  calf,  known  as 
rennet.  The  Avhey  left  after  the  curd  has  been  separated,  contains  a 
large  proportion  of  the  saccharine  and  saline  matter  that  entered  mo 

•  »  Human  Physiology,"  7th  edit.,  vol.  ii.  p.  514.-Dr.  Dunglison  also  ^"jj^S 
in  the  winter  of  1849-50,  an  athletic  man,  twenty-two  years  of  age,  Prese"™°  m 
at  the  Jefferson  Medical  College  at  Philadelphia,  whose  left  mamma,  «f  °<"ft 
assignable  cause,  had  become  greatly  developed,  and  secreted  nil,k  ^  ft  lm 
may  be  added  that  a  lactescent  fluid,  apparently  presenting  the  cCaiacre 
milk,  may  frequently  be  expressed  from  the  mammary  glands  ot  in. an  ■  v 
"  Dublin  Medical  Press,"  April  17,  1850.)  t  v.  Gorup-Besanez,  p. 
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he  original  composition  of  the  milk ;  this  may  be  readily  separated  by 
vap  oration. 

823.  When  Milk  is  examined  with  the  Microscope,  it  is  seen  to  con- 
lin  a  large  number  of  particles,  of  irregular  size  and  form,  suspended 
a  a  somewhat  turbid  fluid 

Fig.  275)  ;  these  particles  Fig.  275. 

ary  in  size  from  about  the 
-12,700th  to  the  l-3040th 
f  an  inch ;  and  they  are 
g  med     1  milk  -  globules.' 
'hey  are  not  affected  by 
le  mere  contact  of  ether  or 
kalies ;    but  if  these  re- 
rents  are  shaken  with  them, 
i  immediate    solution  is 
e  result.    The  same  effect 
ippens,  if  they  are  first 
eated    with   acetic  acid, 
ence  it  is  evident  that  the 
obules    consist    of  oily 
atter,  inclosed  in  an  en- 
wlope  of  some  kind;  and 
1 1  extremely  delicate  pellicle 
kay,  in  fact,  be  distinguished, 

I  ;er  the  removal  of  the  oily 
Ifctter  by  ether,  or  after  the  globules  have  been  ruptured  and  their 

;  ntents  pressed-out,  by  rubbing  a  drop  of  milk  between  two  plates  of 
lass.    No  proof  of  the  organization  of  this  pellicle  has,  however,  been 
l»tected ;  and  it  is  probably  to  be  regarded  as  the  simple  result  of  the 
Intact  of  oil  with  albuminous  matter. — Besides  these  milk-globules, 
1'ier  globules  of  much  smaller  size  are  seen  in  milk ;  and  these  present 

I I  peculiar  movement  which  is  exhibited  by  molecules  in  general. 
|*)st  of  them  seem  to  consist  of  oily  matter  not  inclosed  in  an  envelope, 

-  they  are  at  once  dissolved  when  the  fluid  is  treated  with  ether,  but, 
loording  to  the  statements  of  Donne,  it  would  seem  that  a  portion  of 
■em  are  composed  of  casein,  suspended,  not  dissolved,  in  the  fluid. — 
l  ie  colostrum,  or  milk  secreted  during  the  first  week  after  delivery,  is 
:licribedby  Dr.  Davy  in  the  case  of  the  cow,  as  being  of  a  rich  yellow 
J  our,  less  fluid  than  the  milk  of  a  later  period,  of  a  higher  specific 
jj  ivity  (1075),  slightly  acid,  and  containing  large  oil  globules,  a  few 
lingular  flakes,  probably  epithelium  scales,  a  little  granular  matter  like 

I  d,  and  a  small  number  of  granular  corpuscles,  the  largest  of  which 
about  the  l-500th  of  an  inch  in  diameter  (Fig.  275,  a  a).  It 
llgulates  on  being  heated  to  about  163°  F*    The  granular  corpuscles, 

I  en  maintained  at  a  temperature  of  100°  F.,  exhibit  feeble  amoeboid 
:  1  vements  (Strieker  and  Schwarz).    They  are  probably  epithelial  cells 

I  ;he  mammary  ducts  which  have  undergone  fatty  degeneration-!  ^  The 
)  I  mical  composition  of  the  colostrum,  as  compared  with  the  milk  of 


n°      °o     °->     O  U 
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Microscopic  appearance  of  Human  Milk,  with  an  inter- 
mixture of  Colostric  corpuscles  at  a  a,  and  elsewhere. 


*  See  also  Bernard 
t  See  Rcinhardt, 


ird,  "  Lecona,"  vol.  ii.  1859,  p.  224. 
,  Abstract,  in  "Edin.  Journ.,"  Feb.  1848. 


918 


OF  GENERATION  :  LACTATION. 


a  subsequent  period,  is  well  given  in  the  following  table  by  Dr 
Tolmatscheff:*— 

Age.  Temperament.      Casein  &  albumen.  Pat.  Sugar. 

Oil  4th  day  after  delivery    23  ...  Fair,  mid.  stature    ...  4T88  ...  24-71  ...  43-3 

„    6th       „            „         22  ...  Large,  fair,  strong  ...  20-50  ...  3T77  ...  57*6 

„  15th       „            „         22  ...  Large,  dark,  strong  ...  20*77  ...  29'39  ...  59  0 

»  36th       „           „        34  ...  Large,  fair,  strong  ...  11-04  ...  17-13  ...  62  6 

Physiologically  considered, "f  the  most  marked  peculiarities  of  the  colos- 
trum in  the  cow  are  the  concentration  of  nutritive  matter  in  it ; 
the  greater  facility  with  which  it  coagulates  by  rennet,  as  compared 
with  older  milk,  and  its  greater  power  of  resisting  change  Avhen  exposed 
to  the  action  of  air.  All  of  these  are  qualities  which  may  be  eminently 
serviceable,  viewing  it  as  the  first  food  of  the  young  animal.  Thus  its 
easy  coagulability  maybe  adapted  to  the  comparatively  weak  gastric  juice 
of  the  young  animal.  Its  power  of  remaining  semi-fluid  and  of  resisting 
change  may  adapt  a  part  of  it  to  the  intestines,  to  promote  the  removal 
of  the  meconium  ;  whilst  its  concentration  as  nutritive  matter  may 
permit  it  to  fulfil  the  same  office  for  the  young  mammal,  as  the  food- 
yolk  for  the  oviparous  vertebrate.  According  to  Bernard,"}:  the  Colostrum 
of  the  Human  female  contains  a  very  large  quantity  of  albumen,  since  it 
coagulates  en  masse  when  it  is  heated.  At  a  later  period  none  can  be 
discovered  by  this  method ;  but  if  sulphate  of  magnesia  be  added,  all 
the  casein  and  the  butter  will  be  thrown  down,  and  on  filtration,  will  be 
left  on  the  filter  with  the  sulphate  of  magnesia ;  the  filtrate  will  then 
contain  the  albumen  and  the  sugar  of  milk,  and  will  coagulate  on 
heat.  All  the  larger  globules  of  oil  may  be  removed  by  repeated 
filtration;  and  the  fluid  is  then  nearly  transparent.  This,  in  fact,  is  the 
simplest  way  of  separating  the  oleaginous  from  the  other  constituents  of 
the  milk ;  as  but  little  casein  then  adheres  to  the  former.  The  trans- 
parent fluid  which  has  passed  through  the  filter,  contains  nearly  the 
whole  amount  of  the  casein  of  the  milk ;  but  even  in  this  fluid  there  are 
found  globules  too  minute  to  be  kept-back  by  the  filter,  whose  chemical 
reactions  mark  them  as  oleaginous. 

824.  We  shall  now  consider  the  chemical  characters  of  each  of  the 
foregoing  ingredients. — The  Oleaginous  matter  of  milk  principally  con- 
sists of  the  ordinary  components  of  fat ;  but  it  also  contains  another 
substance  peculiar  to  it,  designated  as  butyrin,  to  which  the  peculiar 
smell  and  taste  of  butter  are  due  ;  this  yields  in  saponification  three 
volatile  acids,  of  strong  animal  odour,  to  which  Chevreul  has  given  the 
names  of  butyric,  caproic,  and  capric  acids.  These  peculiar  acids  are 
not  only  formed  when  the  butyrin  is  treated  with  alkalies ;  but  are  pro- 
duced by  the  ordinary  decomposition  of  this  principle,  which  is  favoured 
by  time  and  moderate  warmth. — The  Casein  of  Human  milk,  hotvever, 
is  usually  said  to  be  much  less  precipitable  by  acids,  than  is  that  of  tie 
Cow;  very  commonly  resisting  the  action  of  the  mineral  acids,  and.  even 
that  of  the  acetic ;  but  being  always  coagulated  by  rennet,  thougA  tn 
curd  is  long  in  collecting.    On  this  point,  however,  there  has  been  muc 

*  Hoppe-Seyler,  "  Med.-Chem.  Unters.,"  1867,  p.  272. 

t  "Physiological  Researches,"  by  J.  Davy,  M.D.,  F.R.S.,  186<5,  P- 

X  "  Lecons,"  vol.  ii.  1859,  p.  224. 
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discrepancy  of  statement,  on  which  the  experiments  of  Mr.  Moore*  throw 
some  light.  It  appears  from  the  results  obtained  by  him,  that  Human 
Milk  forms  with  most  acids  two  sets  of  compounds,  one  of  them  soluble 
in  water,  the  other  insoluble ;  the  latter  being  formed  only  when  the 
quantity  of  acid  is  large  in  proportion  to  the  casein.  Thus,  when  two 
fluid  ounces  of  Cow's  milk  were  boiled  with  a  single  drop  of  nitric  acid, 
complete  coagulation  of  the  casein  at  once  took  place  :  but  when  two  fluid 
drachms  of  Human  milk  were  treated  in  the  same  manner,  no  coagula- 
tion occurred,  though  the  casein  was  at  once  thrown-down  by  a  solution 
of  ferrocyanide  of  potassium  ;  the  same  quantity  of  milk,  with  five  drops 
of  the  acid,  formed  a  coagulum  which  was  not  very  manifest  until  after 
the  lapse  of  five  hours,  but  was  very  complete,  the  serous  fluid  not  being 
found  to  contain  any  casein  by  testing  it  with  ferrocyanide  of  potassium ; 
and  it  required  ten  drops  of  nitric  acid  to  produce  immediate  coagulation. 
The  quantity  of  acid  necessary  to  produce  coagulation  sufficiently  rapid 
to  be  immediately  visible,  will  vary  with  the  amount  of  casein  present  in 
the  particular  specimen  of  milk,  5  drops  in  some  instances  producing  a 
coagulation  as  rapid  as  that  produced  by  10  drops  in  others.  In  no 
specimen  did  Mr.  Moore  fail  to  produce  coagulation  by  adding  a  suffi- 
ciency of  acid.  Acetic  acid  without  heat  produces  in  Human  milk  a 
slow  separation  of  soft  flaky  coagula ;  but,  when  heat  is  employed,  a 
more  perfect  coagulation  is  produced  by  small,  than  by  large  quantities 
of  this  acid.  Rennet  does  not  seem  to  act  upon  the  casein  of  Human 
milk,  unless  an  acid  be  also  present.  In  several  of  these  particulars,  as 
well  as  in  its  small  proportional  amount,  the  Casein  of  Ass's  milk  bears  a 
closer  resemblance  to  that  of  Human  milk,  than  does  that  of  the  Cow. — 
The  Sugar  of  Milk,  which  may  be  obtained  by  evaporating  whey  to  the 
consistence  of  a  syrup,  and  then  setting  it  aside  to  crystallize,  forms  four- 
sided  prisms,  whose  composition  is  C  24,  H  19,  O  19  +  5  HO.  In 
many  of  its  properties  it  bears  a  close  resemblance  to  Glucose  or  Grape 
sugar,  into  which  it  is  readily  converted  by  the  agency  of  dilute  sulphuric 
or  hydrochloric  acid,  or  by  the  acetic  or  citric  acids.  It  is  readily  made 
to  pass  into  the  lactic  and  butyric  fermentation,  by  the  appropriate  fer- 
ments ;  but  is  with  difficulty  brought  to  undergo  the  vinous  fermentation. 
— The  Saline  matter  contained  in  milk,  appears  to  be  nearly  identical 
with  that  of  the  blood ;  with  a  larger  proportion  of  the  phosphates  of 
lime  and  magnesia,  which  amount  to  2  or  2\  parts  in  1000.  These 
phosphates  are  held  in  solution  chiefly  by  the  casein,  which  seems  to  have 
a  power  of  combining  with  them  even  greater  than  that  of  albumen  : 
the  presence  of  a  minute  proportion  of  free  alkali  also  assists  their 
solution.  A  small  portion  of  iron  in  the  state  of  phosphate,  together 
with  the  chlorides  of  potassium  and  sodium,  may  also  be  detected  in 
milk.-J- 

825.  The  proportion  of  these  different  constituents  is  liable  to  great 
variation,  from  several  causes.  Thus,  the  whole  amount  of  the  solid 
constituents  may  vary  from  86  to  138-6  parts  in  1000;  the  difference 
oeing  partly  due  to  individual  constitution,  but  in  great  part  also  to  the 
amount  and  character  of  the  ingesta.   The  average  seems  to  be  between 

*  "  Dublin  Quarterly  Journal  of  Medical  Science,"  vol.  vii.  p.  280. 
f  Haidlen  in  "  Annalen  der  Chemie  und  Phannacie,   Bd.  xlv.  p.  IbS. 
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100  and  120  parts.  The  following  table*  will  serve  to  indicate  the 

usual  composition,  as  well  as  the  ordinary  variations  occurring  in  Human 
milk : — 

Joly  Henry 

and  Podcckcr.     Griffith.      Doy&re.             8imon.  and 

Filhol.f  Chevailier. 

Water  ....    874-6  ...  882-2  ...  875-00  ...  873'8  ...  861-8—914-0  ...  879-5 

Sugar  of  Milk    .      68  ...    64  6...    61-76...    70'0  ...    39'2—  62-4  ...  650 

Fat                       47-5  ...    31-0  ...    25*41  ...    38*0  ...     8-0—  54'0  ...  35-5 

Albuminous Compds.  9'8  ...    19-0...    12-68...    16-4...    19*6—  45-0  ...  15-2 

Salts     ....      1-1  ...     33  ...      1-55  ...     1-8  ...     1-6—    27  ...  4-5 

Milk  contains  about  3  per  cent,  of  its  volume  of  Gas,  having  a  percentage 
composition  of  55'1 5  of  Carbonic  acid,  40-56  of  Nitrogen,  and  4-29  of 
Oxygen.  It  further  appears  from  the  analyses  of  Simon,  that  the  pro- 
portion of  the  different  ingredients  is  liable  to  variation  according  to 
the  time  which  has  elapsed  since  parturition.  The  quantity  of  Casein  is 
at  its  minimum  at  the  commencement  of  lactation,  and  then  gradually 
rises  until  it  attains  a  nearly  fixed  proportion.  The  quantity  of  Sugar, 
on  the  contrary,  is  at  its  maximum  at  first,  and  gradually  diminishes. 
The  amount  of  Butter  (as  appears  from  the  wide  extremes  shown  in  the 
above  tables)  is  more  variable  than  that  of  any  other  constituent. — 
That  some  of  the  variations,  moreover,  are  due  to  the  character  of  the 
ingesta,  and  others  to  the  external  temperature,  amount  of  exercise, 
and  other  circumstances  affecting  the  individual,  is  proved  by  the  in- 
quiries of  Dr.  Playfair  upon  the  Milk  of  the  Cow.  He  has  shown  that 
the  amount  of  butter  depends  in  part  upon  the  quantity  of  oily  matter 
in  the  food,  and  in  part  upon  the  amount  of  exercise  which  the  animal 
takes  and  the  warmth  of  the  atmosphere  in  which  it  is  kept :  exercise 
and  cold,  by  increasing  the  respiration,  eliminate  part  of  the  oily  matter 
in  the  form  of  carbonic  acid  and  water ;  whilst  rest  and  warmth,  by 
diminishing  this  drain,  favour  its  passage  into  the  milk.  The  propor- 
tion of  Casein,  on  the  other  hand,  is  increased  by  exercise.  Dr.  Play- 
fair's  experience  on  this  head  seems  to  correspond  with  the  results  of 
common  observation  in  Switzerland ;  for  where  the  cattle  pasture  in 
very  exposed  situations,  and  are  obliged  to  use  a  great  deal  of  muscular 
exertion,  the  quantity  of  butter  yielded  by  them  is  very  small,  whilst  the 
cheese  is  in  unusually-large  proportion ;  but  these  same  cattle,  when 
stall-fed,  give  a  large  quantity  of  butter  and  very  little  cheese.  It  is 
quite  possible,  moreover,  that  particular  breeds  of  cattle  may  yield  milk 
of  a  richer  quality  than  others.  Thus  Vernois  and  BecquerelJ  found 
that  Tyrolese,  Dutch,  and  Swiss  cows  gave  milk  containing  from  J  to 
nearly  10  per  cent,  of  butter,  with  much  casein  and  albumen;  whilst  the 
cows  in  the  immediate  neighbourhood  of  Paris  furnished  a  poor  milk, 
containing  only  3-6  or  3*7  per  cent,  of  butter,  and  but  little  casein.  The 
total  amount  of  solid  matter  in  the  milk  diminishes  with  age,  being 
most  abundant  in  nursing  women  of  from  15  to  20  years,  and  smallest 
in  those  of  from  35  to  40  years  of  age.  - 
826.  The  change  which  naturally  takes-place  from  the  condition  ot 
Colostrum  to  that  of  true  Milk,  during  the  first  week  of  lactation,  is  a 

*  Canstatt's  "  Jahresbericht,"  1860. 
+  Henle  and  Meissnor's  "Bcricht,"  1857,  p.  329. 
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very  important  one.     The  Colostrum  has  a  purgative  effect  upon  the 
child,  which  is  very  useful  in  clearing  its  bowels  of  the  meconium  that 
loads  them  at  birth  ;  and  thus  the  necessity  of  any  other  purgative  is 
generally  superseded.    Occasionally,  however,  the  colostric  character  is 
retained  by  the  milk  during  an  abnormally  long  period ;  and  the  health 
of  the  infant  is  then  severely  affected.    It  is  important  to  know  that  this 
may  occur,  even  though  the  milk  may  present  all  the  usual  appearances  of 
the  healthy  seci'etion;  but  the  microscope  at  once  detects  the  difference.* 
The  return  to  the  character  of  the  early  milk,  which  has  been  stated  to 
take-place  after  the  expiration  of  about  twelve  months,  seems  to  indicate 
that  Nature  designs  the  secretion  no  longer  to  be  encouraged;  the 
mother's  milk  cannot  then  be  so  nutritious  to  the  child  as  other  food  ;f 
and  every  medical  man  is  familiar  with  the  injurious  consequences  to 
which  she  renders  herself  liable,  by  unduly  prolonging  lactation.^  Cases 
ire  not  unfrequent,  however,  in  which  the  secretion  continues  as  long  as 
here  is  a  demand  for  it ;  and  sometimes  quite  independently  of  this.  It 
s  the  habit,  among  some  nations,  to  suckle  the  children  until  they  are 
hree  or  four  years  old,  and  to  continue  doing  so  even  though  another 
pregnancy  shovdd  supervene  ;§  so  that  the  older  child  is  only  displaced 
)j  the  arrival  of  another  infant.  And  it  seems  to  be  chiefly  among  those 
rho  have  thus  forced  the  mammary  gland  into  a  state  of  unnaturally- 
>ersistent  activity,  that  the  spontaneous  and  irrepressible  flow  continues, 
fter  the  demand  for  it  has  ceased.  || 

827.  It  is  very  interesting  to  observe  that  Milk  contains  the  three 
lasses  of  principles  which  are  required  for  human  food, — the  Albuminous, 
le  Oleaginous,  and  the  Saccharine ;  and  it  is  the  only  secreted  fluid  in 
"Inch  these  all  exist  to  any  considerable  amount.    It  is,  therefore,  the 
>od  most  perfectly  adapted  for  the  young  animal ;  and  is  the  only  single 
.tide  supplied  by  nature,  in  which  such  a  combination  exists.  Our 
•tiflcial  combinations  will  be  suitable  to  replace  it,  just  in  proportion  as 
I  ley  imitate  its  character;  but  in  none  of  them  can  we  advantageously 
i^pense  with  milk,  under  some  form  or  other.  It  should  be  remembered 
li  at  the  Saline  ingredients  of  milk,  especially  the  phosphates  of  lime, 
kiagnesia,  and  iron,  have  a  very  important  function  in  the  nutrition  of  the 
f:fant,  affording  the  material  for  the  consolidation  of  its  bones,  and  for 
|  e  production  of  its  red  blood-corpuscles ;  and  any  fluid  substituted  for 
liiilk,  which  does  not  contain  these,  is  deficient  in  essential  constituents. 

I  *  See  Donne,  "  Du  Lait,  et  en  particulier  celui  des  Nourrices,"  and  "Brit,  and  For. 

I  ed.  Review,"  vol.  vi.  p.  181. 

I I  On  the  whole  subject  of  Infant  Nutrition,  the  Author  would  strongly  recommend 
I  e  excellent  little  work  of  Dr.  A.  Combe,  formerly  referred-to. 

I  X  One  of  these,  which  has  particularly  fallen  under  the  Author's  notice,  is  debility 
the  retina,  sometimes  proceeding  to  complete  amaurosis;  this,  if  treated  in  time, 
Ttiost  commonly  relieved  by  discontinuance  of  lactation,  generous  diet,  and  quinine. 
3  See  Ennan's  "Travels  in  Siberia"  (translated  by  Cooley),  vol.  ii.  p.  527  ;  and 
J  "Narrative  of  the  United  States'  Expedition,"  vol.  ii.  p.  138. 
I  Thus  Dr.  Green  has  published  ("New  York  Journ.  of  Med.  and  Surg.,  Sept. 
W)  the  case  of  a  lady,  at.  47,  the  mother  of  four  children,  who  had  an  abundant 
>ply  of  milk  for  twenty-seven  years  previously.  A  period  of  exactly  four  years  and 
>alf occurred  between  each  birth;  and  the  children  were  permitted  to  take  the 
ast  until  they  were  running  about  at  play.  At  the  time  when  Dr.  G.  wrote,  she 
1  been  nino  years  a  widow,  and  was  obliged  to  have  her  breasts  drawn  daily,  the 
lotion  of  milk  being  so  copious. 
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It  is  very  justly  remarked  by  Dr.  Rees  *  that,  of  all  the  secreted  fluids 
Milk  is  most  nearly  allied  in  its  composition  to  Blood. 

828.  The  proportion  of  the  different  ingredients  in  the  Milk  of  dif- 
ferent animals,  is  subject  to  considerable  variation  :  and  this  fact  is  of 
much  practical  importance  in  guiding  our  selection,  when  good  Human 
milk  cannot  be  conveniently  obtained  for  the  nourishment  of  an  infant. 
The  first  point  to  be  inquired-into,  is  the  quantity  of  solid  matter  con- 
tained in  each  kind  ;  this  may  be  determined  either  by  evaporation,  or  by 
the  specific  gravity  of  the  fluid.  The  specific  gravity  of  Human  Milk  is 
stated  by  Dr.  Rees  (loc.  cit.)  to  vary  between  1030  and  1035 ;  others, 
however,  have  estimated  it  much  lower.  That  of  the  cow  appears  to  be 
usually  about  the  same;  that  of  the  cream,  however,  being  1024,  and 
that  of  the  skimmed-milk  about  1035.  The  variation  will  in  part 
depend  (as  in  the  case  of  the  urine)  upon  the  quantity  of  fluid  ingested, 
and  in  part,  it  is  probable,  tipon  the  manner  in  which  the  milk  is  drawn  ; 
for  it  is  well  known  to  milkers,  that  the  last  milk  they  obtain  is  much 
richer  than  that  with  which  the  udder  is  distended  at  the  commencement. 
The  quantity  of  solid  matter  obtainable  from  Cow's  Milk  by  evaporation, 
seems  to  be  usually  considerably  greater  than  that  yielded  by  Human 
Milk ;  and  there  is  also  a  considerable  difference  in  the  relative  propor- 
tions of  their  ingredients,  there  being  far  more  casein  and  less  sugar  in  the 
milk  of  the  Cow,  than  in  that  of  the  Human  female.  The  following  table 
exhibits  the  average  proportions  of  the  different  ingredients,  in  the  Milk 
of  various  animals  from  which  that  fluid  is  commonly  obtained;  these 
proportions,  however,  are  liable  to  wide  variations: — 

Woman.  Cow.  Qoat.         Sheep.         An.  Mare. 

(Simon.)       (Simon.)    (Chevallier.)  (Chevallier.)  (Simon.)  (Luisciun.) 

Water   890  ...    860    ...    868    ...    856    ...    907    ...  888 

Solids   110  ...    140    ...    132    ...    144    ...     95    ...  112 

Butter  25    11!      38    ...      33    ...      42    ...      12    ...  8 

Casein   35    ...     68    ...     40    ...     45    ...     16    ...  16 


Sugar  and  Extractive     48    ...     30    ...     53    ...     50    ...  j.^ 


Fixed  Salts.    ...       2     ..       6    ...       6    ...  7 


It  appears  from  this,  that,  whilst  the  milks  of  the  Cow,  Goat,  and  Sheep 
have  a  general  correspondence  with  each  other,  those  of  the  Ass  and  Mare 
are  fluids  of  very  dissimilar  character,  containing  a  comparatively  small 
proportion  of  casein,  and  still  less  butter,  but  abounding  in  sugar.  Hence 
it  is  that  they  are  much  more  disposed  to  ferment  than  other  milk; 
indeed  the  sugar  of  Mare's  milk  is  so  abundant,  that  the  Tartars  prepare 
from  it  a  spirituous  liquor,  to  which  they  give  the  name  of  koumiss. 
Although  no  milk  more  nearly  approaches  that  of  the  Human  female,  m 
the  proportion  of  its  ingredients,  than  that  of  the  Goat,  its  casern  forms 
a  peculiarly-dense  curd,  which  does  not  suit  the  stomach  of  the  mlan  , 
besides  which,  the  milk  is  tainted  with  the  peculiar  odour  of  the  aull":^. 
which  is  more  intense  if  the  individual  be  dark-coloured.  The  mil  i 
the  Ass,  though  differing  in  the  proportion  of  its  ingredients,  sf^oW 
bear  a  closer  approximation  in  properties  (§  824).  The  milk  of  e  ,  gn 
will  usually  answer  very  well  for  the  food  of  the  infant,  if  care i  be  ta*^ 
to  dilute  it  properly,  according  to  the  age  of  the  child,  and  to  add  a 
*  "  Cyclopaedia  of  Anatomy  and  Physiology,"  Art.  'Milk.' 
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sugar.  "Where  there  is  an  apprehension  of  an  early  failure  in  the  supply 
of  Milk,  the  Author  has  found  it  advantageous  to  commence  feeding  the 
Infant  once  a  day  with  this  mixture,  soon  after  the  first  month  ;  the 
number  of  its  meals  may  be  progressively  increased,  until  it  becomes 
entirely  independent  of  its  parent,  without  any  abrupt  transition ;  and  at 
the  same  time  the  proportion  of  water  and  of  sugar  may  be  diminished, 
in  accordance  with  the  natural  change  which  takes  place  in  the  milk  of 
the  mother  during  the  progress  of  lactation  (§  825). 

829.  From  what  has  been  stated  of  the  close  correspondence  between 
the  elements  of  the  Blood  and  those  of  the  Milk,  it  is  evident  that  we  can 
scarcely  expect  to  trace  the  existence  of  the  latter,  as  such,  in  the  circu- 
iting fluid.    To  what  degree  the  change  in  which  their  elaboration 
consists,  is  accomplished  in  the  Mammary  gland,  or  during  the  course  of 
be  circulation,  there  is  no  certain  means  of  ascertaining.    It  is  evident 
.hat  the  secretion  cannot  serve  as  the  channel  for  the  deportation  of  any 
ilement,  the  accumulation  of  which  would  be  injurious  to  the  system  ; 
ince  it  does  not  occur  in  the  Male  at  all,  and  is  present  in  the  Female  at 
oarticular  times  only.    Yet  there  is  reason  to  believe  that  if,  whilst  the 
process  is  going-on,  it  be  suddenly  checked,  the  retention  of  the  material 
»n  the  blood,  or  the  re-absorption  of  the  secreted  fluid,  is  attended  with 
injurious  consequences.    Thus  if,  when  the  milk  is  first  secreted,  the 
hi  Id  be  not  put  to  the  breast,  an  accumulation  takes  place,  which,  if  not 
elieved,  occasions  great  general  disturbance  of  the  system.  The  narrow- 
ess  of  the  orifices  of  the  milk-tubes  obstructs  the  spontaneous  exit  of 
ie  fluid,  especially  in  primiparce ;    the  reservoirs  and  ducts  become 
>aded;  further  secretion  is  prevented;  and  a  state  of  congestion  of  the 
vessels  of  the  gland,  tending  to  inflammation,  is  induced.    The  accom- 
panying fever  is  partly  due,  no  doubt,  to  the  local  disturbance;  but  in 
irt  also,  there  seems  reason  to  believe,  to  the  re-absorption  of  the  milk 
luto  the  blood ;  this  cannot  but  be  injurious,  since,  although  but  little 
t  tered,  the  constitution  of  milk  is  essentially  different,  especially  in  regard 
|  •  the  quantity  of  crystallizable  matter  (sugar)  which  it  contains. — Cases 
*  the  vicarious  secretion  of  milk  are  not  numerous ;  and  in  no  instance 
!  there  any  proof  that  the  elements  of  the  fluid  were  pre-existent  in  the 
I  ood.     Some  of  the  most  curious  are  those  in  which  it  has  been 
|  mred-out  from  a  gland  in  the  groin ;  but  it  is  probable  that  this  was 
consequence  of  the  existence  of  a  real  repetition,  in  that  place,  of  the 
ue  mammary  structure ;  this  being  the  situation  of  the  mammas  in  many 
the  inferior  animals,  of  which  the  homologues  in  man  are  usually 
j  ideveloped.* 

I  *  The  following  is  a  more  unequivocal  case  of  vicarious  secretion    and  it  is  pecu- 
firly  interesting  as  exhibiting  the  injurious  effects  of  the  re-absorption  of  the  secre- 
I  n,  and  the  relief  which  the  system  experienced  when  it  was  separated  from  the 
I  wd  by  the  new  channel.    "  A  lady  with  a  delicate  constitution  (with  a  predisposi- 
v  n  to  pneumonia)  was  prevented  from  suckling  her  child,  as  she  desired,  by  the 
I  lowing  circumstance.    Soon  after  her  delivery  she  had  a  severe  fever,  during  which 
I'  breasts  became  very  large  and  hard;  the  nipples  were  swollen  and  firm  ;  and 
I  we  was  evidently  an  abundant  secretion  of  milk ;  but  neither  the  sucking  of  the 
ftant,  nor  any  artificial  means,  could  draw  a  single  drop  of  fluid  from  the  swollen 
slnds.    It  was  clear  that  the  milk-tubes  were  closed;  and  as  the  breasts  continued 
I  grow  larger  and  more  painful,  purgatives  and  other  means  were  employed  to  check 
I  ■■  secretion  of  milk.    After  three  days  the  fever  Bumewhat  diminished,  and  was  re- 
I  ced  by  a  constant  cough,  which  was  at  first  dry,  but  soon  after  was  followed  by  the 
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830.  Of  the  quantity  of  Milk  ordinarily  secreted  by  a  good  Nurse  it 
is  difficult  to  form  a  correct  estimate  ;*  since  the  amount  which  can  be 
artificially  drawn,  affords  no  criterion  of  that  which  is  secreted  at  the 
time  of  the  'draught'  (§  740).  The  quantity  which  can  be  squeezed 
from  either  breast  at  any  one  time,  and  which,  therefore,  must  have 
been  contained  in  its  tubes  and  reservoirs,  is  about  two  ounces.  The 
amount  secreted  is  greatly  influenced  by  the  mental  and  physical  con- 
dition of  the  female,  and  also  by  the  quantity  and  character  of  the  ingesta. 
In  regard  to  the  influence  of  the  mental  state  upon  this  secretion,  ample 
details  have  already  been  given  (§§  740,  821).  "With  respect  to  the 
physical  state  most  favourable  to  the  production  of  an  ample  supply  of 
this  important  fluid,  it  may  be  stated  generally,  that  sound  health,  a 
vigorous  but  not  plethoric  constitution,  regular  habits,  moderate  but  not 
fatiguing  exercise,  and  an  adequate  but  not  excessive  amount  of  nutritious 
food,  furnish  the  conditions  most  required.  It  is  seldom  that  stimulating 
liquors,  which  are  so  commonly  indulged-in,  are  anything  but  prejudicial ; 
and  even  where,  as  sometimes  unquestionably  happens,  an  improvement 
in  the  condition  both  of  mother  and  infant  is  the  immediate  result  of  the 
moderate  employment  of  them,  it  is  questionable  whether  the  remote 
effect  is  not  of  a  reverse  nature. f  Their  modus  operandi,  when  they  are 
really  beneficial,  seems  to  lie  in  promoting  the  digestive  process,  and  in 
thus  aiding  in  the  appropriation  of  those  nutritive  materials  which  con- 
stitute the  real  source  of  the  solid  constituents  of  the  milk. 

831.  The  influence  of  various  Medicines  upon  the  Milk,  is  another 
important  question  which  has  not  yet  been  sufficiently  investigated.  As 
a  general  rule,  it  appears  that  most  soluble  saline  compounds  pass  into 
the  milk  as  into  other  secretions;  but  there  are  many  exceptions. 
Common  salt,  the  sesqui-carbonate  of  soda,  sulphate  of  soda,  iodide  of 
potassium,  oxide  of  zinc,  tris-nitrate  of  bismuth,  and  sesqui-oxide  of 
iron,  have  been  readily  detected  in  the  milk,  when  these  substances 
were  experimentally  administered  to  an  Ass ;  and  ordinary  experience 
shows  that  the  Human  infant  is  affected  by  many  of  these,  when  they 
are  administered  to  the  mother.  The  influence  of  mercurial  medicines 
taken  by  the  mother,  in  removing  from  the  infant  a  syphilitic  taint  pos- 

expectoration  of  simple  mucus.  After  this,  the  cough  diminished  in  severity,  and  the 
expectoration  hecame  easy  ;  hut  the  sputa  were  no  longer  mucous,  but  were  composed 
of  a  liquid,  which  had  all  the  physical  characters  of  genuine  milk.  This  continued 
for  fifteen  days  ;  the  quantity  of  milk  expectorated  amounting  to  three  ounces  or  more 
in  the  twenty-four  hours.  The  breasts  gradually  diminished  in  size ;  and  by  the  trrae 
that  the  expectoration  ceased,  they  had  regained  their  natural  dimensions.  l  »e 
same  complete  obstacle  to  the  flow  of  milk  from  the  nipples  recurred  after  the  births 
of  four  children  successively,  with  the  same  sequelae.  After  the  sixth,  she  had 
the  same  symptoms  of  fever,  but  this  time  they  were  not  followed  by  bronchitis  or  the 


xpectoration  of  milk ;  she  had  in  their  stead  copioup  sweatings,  which,  with,  otner 
"  iced  her  to  a  cachectic  state,  and  terminated  fatally  m  a  t( 
delle  Scienze  Mediche,"  Apr.  1839  ;  and  "  Brit,  and  Foi 

Review,"  Jan.  1840.) 


night."  ("  Bulletino  delle  Scienze  Mediche,"  Apr.  1839  ;  and  "  Bat.  and  -tor.  meu. 
"  iview,"  Jan.  1840.)  .  ,  Want 

*  For  an  estimate  by  M.  Guillot,  founded  on  the  comparative  weight  ot  the  inuv" 
before  and  after  lactation,  see  "  L'Union  Medicale,"  1852,  No.  16.    The  total  amoum. 
considered  by  Mons.  G.  to  be  usually  drawn  in  the  twenty-four  hours,  varies  m 
32  oz.  to  64  oz  (apoth.) ;  but  his  estimates  are  vitiated  by  the  extraordinary  trequei  , 
of  the  lactations  observed,  the  infant  being  put  to  the  breast  from  25  to  30  times 
the  twenty-four  hours.  .         ,,  s  9ns 

+  Soo  the  Author's  "  Physiology  of  Temperance  and  Total  Abstinence,  s 
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sessed  by  both,  is  also  well  known.  The  vegetable  purgatives,  espe- 
cially castor-oil,  senna,  and  colocynth,  have  little  effect  upon  the  milk  ; 
hence  they  are  to  be  preferred  to  the  saline  aperients,  when  it  is  not 
desired  to  act  upon  the  bowels  of  the  child. 


CHAPTER  XIX. 

OF  THE  DIFFERENT  BRANCHES  OF  THE  HUMAN  FAMILY, 
AND  THEIR  MUTUAL  RELATIONS. 

1.  General  Considerations. 

832.  On  taking  a  general  survey  of  the  Human  race,  it  is  natural,  in 
the  first  place,  that  we  should  proceed  to  inquire  into  the  evidence  at  pre- 
sent possessed  of  its  antiquity,  and  into  the  physical  and  social  conditions 
which  prevailed  in  the  most  remote  periods  of  which  any  information 
can  be  acquired ;  and  secondly,  that  we  should  endeavour  to  ascertain 
whether  the  origin  of  the  race  is  attributable  to  a  single  pair  whose  off- 
spring have  peopled  the  earth,  or  whether  there  may  not  have  been  a 
plurality  of  parents  or  of  centres  from  which  the  singularly  different 
nations  that  are  now  in  existence  have  sprung.  The  question  of  the  remote 
Antiquity  of  Man,  though  long  ago  suggested,  has  only  of  late  years, 
ion  account  of  the  numerous  facts  which  seem  to  lend  support  to  it, 

nvakened  a  lively  spirit  of  philosophic  inquiry.  "When  our  attention  has 
oeen  directed  to  it,  however,  it  soon  appears  that  no  subject  possesses  a 

ieeper  interest  than  the  relation  in  which  Man  stands  to  the  organic  world 
i  iround  him, — both  animal  and  vegetable  :  whether  he  was  originally 

•-reated  with  his  corporeal  powers,  and  the  intellectual  faculties  to  which 
i.hey  minister  already  developed  to  their  highest  extent,  and  capable  of 

he  greatest  results  that  have  been  achieved  in  subsequent  times ;  or 
:  vhether  he  is  not  rather  to  be  regarded  as  the  crown  and  acme  of  a  long 
I  >rocess  of  development  commencing  with  far  simpler  organisms,  which, 

mder  the  protracted  operation  of  external  agents,  and  in  accordance  with 

he  law  of  continuous  descent  with  modification  through  natural  selection 
I  whereby  those  animals  that  are  the  strongest  and  best  adapted  for  the 
J  pecial  conditions  of  life  present  at  any  time,  supplant,  and  ultimately 
|  xterminate  the  less  perfectly  constituted),  has  at  length  culminated  in  a 
l.reature  that  even  now,  howsoever  noble  in  reason  and  infinite  in  facul- 
I  ies,  yet  presents  a  transitory  condition  only  to  some  more  exalted  phase 
1  f  existence.  The  facts  on  which  this  opinion  rests  are  of  various  cha- 
I  icter  and  weight,  and  a  few  only  of  the  more  important  can  here  be 
I  iluded-to.  We  have  seen  that  in  the  earliest  stages  of  the  development 
I  f  the  embryo  of  the  Human  subject,  in  this  respect  presenting  a  cha- 
iicter  common  to  all  animals,  a  single  cell  is  alone  discoverable,  which 

|  reiving  an  accession  of  energy  from  the  sperm-cell,  and  being  placed 
sinner  favourable  conditions  for  the  acquisition  of  the  materials  requisite 

I  r  growth,  soon  undergoes  subdivision ;  and  that  in  the  cellular  mass 
J  his  formed  a  differentiation  of  parts  takes-place,  by  which  the  various 
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organs  and  tissues  of  the  body  are  successively  evolved.    In  the  higher 
forms  of  the  animal  creation  we  have  further  seen  that  at  certain  tran- 
sitory stages  of  development  a  close  analogy  exists  with  the  permanent 
conditions  of  creatures  occupying  a  lower  position  in  the  scale;  and 
that,  whilst  throughout  the  whole  a  wonderful  unity  in  the  process  is 
clearly  discernible,  each  species  presents  certain  characteristic  features 
which  are  peculiar  to  itself  alone.    This,  it  is  supposed,  may  have 
occurred  in  the  history  of  the  world.    A  few  great  types  may  have  been 
originally  formed,  which,  in  the  lapse  of  ages,  owing  to  the  action  of  ex- 
ternal agents,  as  light,  heat,  and  food,  and  to  the  perpetuation  of  accidental 
varieties  especially  adapted  to  these  external  conditions,  have  gradually 
resulted  in  the  infinitely  varied  species  that  now  surround  us.*  With 
this  extraordinary  similarity  in  the  process  of  development  throughout 
the  whole  animal  kingdom,  which  seems  very  difficult  to  account  for 
upon  the  theory  of  a  separate  creation  for  each  species,  it  cannot  be  a 
matter  of  surprise  that  close  bonds  of  alliance  should  be  found  in  the 
adult  period  of  life  even  amongst  the  most  dissimilar  creatures.  The 
Birds,  for  instance,  appear  to  be  a  singularly  well-defined  and  separate 
group ;  yet  the  researches  of  Mr.  Parkerf  have  shown  that  in  their  osseous 
system  they  possess  affinities  with  every  other  class  of  the  Vertebrata; 
so  that,  Avhilst  presenting  the  closest  analogies  to  Reptiles,  and  especially 
to  the  Lacertilian  group,  they  anticipate,  on  the  one  hand,  various  Mam- 
malian characters,  and  on  the  other  recede,  as  it  were,  below  Reptiles, 
retaining  different  Ichthyic  points  of  structure,  which  are  not,  as  a  rule, 
found  in  that  class.  And  thus  it  has  ever  been  found  that  the  more  closely 
the  structure  of  even  the  most  aberrant  forms  of  animal  life  has  been 
investigated,  the  wider  have  been  the  affinities  discovered,  often  explain- 
ing what  was  previously  obscure  in  the  structure  of  others,  whilst  at  the 
same  time  the  more  complete  has  been  the  proof  that  no  real  isolation  of 
a  species,  much  less  of  a  genus  or  family,  exists.    It  is  indeed  probable 
— and  this  is  a  point  on  which  Mr.  Darwin  lays  great  stress, — that  were 
it  possible  to  reproduce  the  entire  series  of  forms  now  become  extinct,  a 
regular  gradation  would  be  presented  from  the  lowest  to  the  highest ; 
and  hence  that,  as  Dr.  Hooker  has  maintained,^  we  are  indebted  for  our 
means  of  resolving  plants  into  limitable  genera  and  orders  simply  to  the 
extinction  of  the  forms  by  Avhich  they  were  originally  connected.  The 
reason  that  the  intermediate  links  have  not  been  discovered,  is  owing 
essentially  to  the  imperfection  of  the  geological  record.    Of  that  great 
book,  comparatively  few  leaves  have  as  yet  been  deciphered  ;  whilsi  even 
under  the  most  favourable  circumstances,  and  with  the  largest  amount  of 
information  that  can  be  obtained  from  this  source,  it  is  certain  that  the 
softness  of  the  tissues  of  many  animals  will  have  presented  an  effectual 
obstacle  to  their  preservation.    It  is  obvious  that  if  this  mode  of  expla- 
nation of  the  production  of  species  be  extended  to  its  utmost  limits,  we 
may  reach  the  extreme  of  simplicity ;  for  it  may  well  be  said  that  if  » 
few  types  only  are  needed,  these  may  again  be  reduced  in  number  to  a 

*  For  a  full  exposition  of  this  theory,  see  Darwin  "  On  the  Origin  of  Species  by 
Means  of  Natural  Selection,"  &c,  1859.  ^nus'in 

t  See  his  paper  1  On  the  Osteology  of  the  Gallinaceous  Birds  and  linnamoun, 
the  "Trans,  of  the  Zoological  Society"  for  Nov.  25,  1862 

t  "Introduction  to  the  Flora  of  New  Zealand,"  1853. 
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greater  and  still  greater  degree,  until  at  length  we  arrive  at  that  which 
is  common  to  all  at  some  stage  of  their  existence — the  single  nucleated 
cell, — a  structure  which  comprehends  the  totality  of  the  life  of  some 
animals  and  vegetables,  and  is  constantly  met  with  as  the  earliest  stage  of 
development  of  all ;  whilst  the  whole  superstructure  of  both  kingdoms 
may  be  considered  to  proceed  from  a  gradual  process  of  development  and 
differentiation  of  this  primary  and  most  simple  organization.  It  is  but 
just  to  remark,  however,  that  Prof.  Owen,  one  of  the  greatest  authorities 
>f  the  present  day,  has  in  a  recently-published  work  advanced  a  different 
explanation  of  the  origin  of  species.  He  states*  that,  "  being  unable  to 
iccept  the  volitional  hypothesis,  or  that  of  impulse  from  within,  or  the 
elective  force  exerted  by  outward  circumstances,"  he  deems  "that  a 
ninute  tendency  to  deviate  from  parental  type  operating  through  periods 
nf  adequate  duration  to  be  the  most  probable  nature,  or  way  of  opera- 
ion,  of  the  secondary  law,  whereby  species  have  been  derived  one  from 
i.he  other." 

833.  By  those  who  embrace  the  developmental  theory,  numerous  facts 
a  ave  been  recently  collected,  tending  in  the  first  place  to  prove  that  Man 
as  existed  for  many  thousands  of  years  upon  the  face  of  the  earth ;  and 
econdly,  that  the  more  remote  the  period  at  which  he  can  be  proved  to 
Lave  existed,  the  ruder,  more  savage  and  degraded,  both  in  a  social  and 
3  structural  or  physical  point  of  view,  was  his  condition.  In  regard  to 
Ue  former  point,  very  strong  evidence  has  recently  been  obtained  by  the 
Ltscovery  of  Human  remains  intermingled  with  those  of  extinct  animals, 
I ;  the  Mammoth,  Cave  Bear,  and  woolly  Rhinoceros,  in  the  breccias  of 
lurious  caverns,  as  in  those  of  Liege  and  Engis ;  whilst  in  other  in- 
lances  where  no  bones  have  been  discovered,  perhaps  in  consequence  of 
lee  practice  of  burning  the  dead,  almost  equally  unexceptionable  evidence 
1j:s  been  obtained  from  the  discovery  of  works  of  art  fashioned  by 
■unman  hands,  as  in  the  flint  implements  found  buried  in  the  drift  at 
fcbbeville  in  Picardy  and  at  St.  Acheul  near  Amiens,  and  those  found 
IlHoxne  in  Suffolk,  and  in  Brixham  Cave  near  Torquay. "f*  In  these 
•'Stances  the  geological  position  of  the  remains,  as  well  as  the  circum- 
annce  of  their  being  accompanied  by  the  bones  of  so  many  extinct  animals, 
li-ke  point  to  a  remote  antiquity.  In  particular,  a  very  close  investiga- 
>|t  n  of  those  found  at  Moulin  Quignon,  near  Abbeville,  by  M.  Boucher 
Perthes  and  others,  has  been  made  by  Mr.  Prestwich,|  who  has 
Bown  that  although  some  doubts  may  attach  respecting  the  authenticity 
It  the  Human  jawbone  and  some  of  the  flint  implements  recently  dis- 
fl^ered  there ;  yet  that  the  genuineness  of  other  flint  implements  cannot 
j  I  doubted,  and  that  the  age  of  the  gravel-beds  in  which  they  have  been 
vl  covered  is  perfectly  well  determined  as  belonging  to  an  early  Quater- 
cry  or  Post-pliocene  period,  dating  before  the  excavation  of  the  valley  of 
I  Somme,  and  consequently  to  a  period  when  the  physical  character  of 
A  country  wore  a  very  different  aspect  from  that  which  it  now  presents. 

*  "  Comp.  Anat.  and  Physiol,  of  Vertebrates,"  I860,  p.  807. 
I  For  full  information  respecting  which,  see  the  "  Antiquity  of  Man,'   by  Sir 
fcl  rles  Lyell,  1863. 

■••See  "Phil.  Transact.,"  1860,  p.  277;  "Proc.  of  the  Royal  Society,"  vol.  xii 
i  I  J»  P-  38  ;  and  "  Quarterly  Journal  of  the  Geological  Society,  Nov.  1 , 1863,  vol. 
li  p.  497. 
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834.  Nor  can  the  circumstance  be  disregarded,  that  in  the  oldest 
existent  monuments,  as  on  those  of  Amenophis,ofHorus,andof  Rhameses  * 
sculpture  and  painting,  amongst  the  latest  of  the  fine  arts  in  their  develop- 
ment, had  attained  to  so  high  a  degree  of  perfection  amongst  the  Egyp- 
tians, that  the  types  of  the  Human  race  there  depicted  may  still  be  referred 
to  as  excellent  portraitures  of  some  of  the  still  existing  varieties — the  Jew 
the  Mongol,  and  the  ^Ethiopian  being  readily  distinguishable.  For  this 
indicates,  on  the  one  hand,  the  wonderful  permanence  of  particular  types, 
and  so  far  constitutes  an  argument  against  the  Specific  Unity  of  Man  on 
the  assumption  that  his  duration  upon  the  earth  has  not  exceeded,  as 
ordinarily  computed,  some  6000  years;  whilst  if  we  estimate  the  period 
occupied  in  the  progress  to  a  high  degree  of  civilization  in  these  old  times 
by  the  rate  at  which  it  has  advanced  in  the  history  of  modern  European 
nations,  we  find  it  requisite  to  admit  the  lapse  of  a  much  longer  period 
than  is  usually  allowed,  and  of  a  long  sequence  of  antecedent  generations. 
In  all  the  nations  of  Western  Europe,  in  France,  in  England,  in  Germany 
alike,  it  has  taken  many  centuries  to  rear  the  modern  fabric  of  civiliza- 
tion ;  and  the  ultimate  results  obtained  by  ancient  nations,  however  im- 
perfectly they  may  be  known  to  us,  do  not  appear  to  be  of  so  extraordinary 
a  nature  as  to  lead  us  to  attribute  to  them  a  superior,  if  even  an  equal, 
measure  of  intellectual  endowments  with  ourselves,  nor  on  that  account  to 
admit  that  their  progress  in  mental  culture  may  have  been  more  rapid.f 

835.  The  evidence  tending  to  show  that  the  most  ancient  races  of  Man 
possessed  a  materially  lower  type  of  organization  than  those  at  present 
in  existence,  is  not  by  any  means  sufficient  to  enable  any  general  conclu- 
sions to  be  drawn  respecting  the  truth  of  the  developmental  theory,  or  to 
show  that  there  have  been  transitional  links  between  the  higher  Apes 
and  Man.  In  the  most  remarkable  cranium  yet  discovered,  that  of  the 
Neanderthal,  which  has  been  most  carefully  examined  by  Prof.  Huxley, 
the  forehead  is  indeed  unusually  low  and  retreating,  the  supra-orbital 
ridges  prominent,  and  the  bones  remarkably  thick.  Yet  its  cubic  capa- 
city does  not  appear  to  be  materially  less  than  that  of  many  crania  that 
might  be  selected  from  modern  nations ;  and  hence,  as  Mr.  Huxley 
adds,  the  first  traces  of  the  primordial  stock  whence  Man  has  proceeded 
need  no  longer  be  sought  by  those  who  entertain  any  form  of  the  doc- 
trine of  progressive  development  in  the  newest  tertiaries,  but  must  be 
looked  for  in  an  epoch  more  distant  from  the  age  of  the  Elephas  prhni- 
genius  (mammals)  than  that  is  from  us. 

836.  Many  interesting  facts  have  recently  come  to  light,  which, 
whilst  furnishing  corroborative  geological  evidence  of  the  antiquity  of 
Man,  afford  important  means  of  estimating  the  material  and  social  con- 
ditions of  his  existence  in  these  distant  epochs.  The  most  ^fest~ 
ing  evidence  upon  these  points  is  derived  from  the  Danish  Peat  Mosses. 
These,  which  are  of  considerable  depth,  varying  from  30  to  40  feet  or 
more,  have  been  the  result  of  the  slow  formation  of  ages ;  and  trom  uie 
extraordinary  preservative  power  which  they  possess,  have  become  t 
receptacles  or  depositaries  of  a  series  of  objects,  from  which,  by  a  process 

*  See  Samuel  Morton,  "Crania  jEgypiiaca/'  Philad.,  1844 ;  and  j.he  worksof 
Champollion  and  Eosellini ;  Paul  Broca,  1  On  the  Phenomena  of  Hjbnaitj  in  Jua  , 
"Journal  de  la  Physiol  ,"  vol.  iii.  1861. 

T  Sir  Cliarles  Lyell,  "  Antiquity  of  Man,   p.  89. 
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of  inductive  reasoning,  the  most  valuable  conclusions  can  be  drawn.  On 
the  surface  of  the  soil  of  Denmark  in  the  present  time  there  flourish 
magnificent  forests  of  Beech  trees,  numerous  trunks  of  which  are  found 
!n  the  superficial  layers  of  the  Peat,  mingled  with  those  of  other  trees, 
as  the  Alder,  the  Aspen,  and  the  Birch.    With  these  are  found  various 
nstruments  constructed  of  iron,  a  metal  requiring  a  considerable  amount 
of  technical  skill  in  its  extraction,  partly  on  account  of  the  chemical 
processes  to  which  the  ores  have  to  be  subjected,  and  partly  on  account 
>f  the  extremely  high  temperature  required  for  its  fusion  or  welding. 
These  tools  are  accompanied  by  the  skulls  of  men  presenting  close 
malogies  to  the  present  Scandinavian  type,  of  whom,  indeed,  they  may 
>e  considered  as  the  early  ancestors.    Below  the  Beeches,  the  trunks  of 
;  )aks  are  found,  and  iron  instruments  cease  to  appear,  being  replaced  by 
hose  of  bronze.    Mr.  Lubbock*  has  adduced  various  considerations  to 
bow  that  these  workers  in  bronze,  which  is  composed  of  copper  and  tin, 
■ere  of  Eastern  origin,  and  were  perhaps  allied  to  the  modern  Hindoo, 
ith  whom  they  agreed  in  the  form  of  the  head,  in  the  practice  of  burn- 
jg  the  dead,  in  their  leading  a  pastoral  and  agricultural  life,  as 
ndenced  by  the  associated  remains  of  sheep,  oxen,  and  pigs,  and  in 
;ing  cylindrical  as  well  as  cubic  dice.    Still  lower  in  the  Peat  the 
ene  once  more  changes;    the  trunks  of  Pines  now  abound,  and 
th  these  have  been  discovered  crania  belonging  to  a  wholly  different 
ce — a  race  who  were  ignorant  of  even  the  simplest  processes  of  metal- 
rgy,  and  were  only  able  to  fashion,  though  often  with  great  skill  and 
taenuity,  a  series  of  stone  or  flint  instruments — hammer,  chisel,  saw, 
Ice  or  dagger — and  who  were  probably  a  hunting  and  fishing  nation, 
prying  their  dead  in  tumuli  or  barrows.    Additional  information  has 
lien  gained  respecting  this  race,  or  the  races  coeval  with  them,  by  the 
jKestigation  of  the  Swiss  Lake  Habitations,  the  piles  supporting  which 
■•ye  been  found  in  the  lakes  of  Zurich,  Constance,  and  Geneva ;  and 
i'lmoreby  careful  examination  of  the  Danish  "  Kitchen-middings." 
•  the  former  the  same  succession  of  Iron,  Bronze,  and  Stone  eras 
loears  to  have  succeeded  one  another;  whilst  the  latter  seem  to  be 
|>  use-heaps,  composed  of  oysters,  cockles,  mussels,  periwinkles,  and 
I  er  mollusca  which  have  been  thrown  out  around  their  habitations  by 
t  a  of  the  Stone  period.    The  crania  of  this  race  are  small  and  round, 
»h  overhanging  eyebrows.    The  remains  of  dogs  and  various  wild 
f  aials  are  found  in  the  middings,  which,  with  the  canoes,  and  the 
l  ies  of  deep-sea  fish,  as  the  cod  and  herring,  seem  to  show  that  this 
I  ient  people  lived  by  hunting  and  fishing. 
$37.  In  pursuing  the  second  branch  of  our  inquiry,  it  is  apparent 
t  amongst  the  various  tribes  of  Men  which  people  the  surface  of  the 
i  loe,  and  which  are  separated  from  all  other  animals  by  the  characters 
I  nerly  described  (Chap,  n.)  there  are  differences  of  a  very  striking  and 
I  'ortant  nature.    They  are  distinguishable  from  each  other,  not  only 
I  ;heir  language,  dress,  manners  and  customs,  religious  belief,  and  other 
1  lired  peculiarities,  but  by  the  physical  conformation  of  their  bodies ; 
j  the  difference  lies  not  merely  in  the  colour  of  the  skin,  the  nature  of 
&  hair,  the  form  of  the  soft  parts  (such  as  the  nose,  lips,  &c),  but  in  the 
j  >e  of  the  skull  and  of  other  parts  of  the  bony  skeleton,  which  might 
*  "  Natural  History  Review,"  J861,  p.  489. 
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be  supposed  to  be  less  liable  to  variation.  Now  it  is  clearly  a  question 
of  great  scientific  interest,  as  well  as  one  that  considerably  affects  the 
mode  in  which  we  regard  the  races  that  differ  from  our  own,  whether 
they  are  all  of  one  species,  that  is,  descended  from  the  same  or  from 
similar  parentage, — or  whether  they  are  to  be  considered  as  distinct 
species,  the  first  parents  of  the  several  races  having  had  the  same  dif- 
ferences among  themselves  as  those  which  are  now  exhibited  by  their 
descendants. 

838.  In  order  to  arrive  at  a  just  conclusion  on  this  subject,  it  is 
necessary  to  take  a  very  extensive  survey  of  the  evidence  furnished  by 
a  number  of  different  lines  of  inquiry.    Thus,  in  the  First  place,  it  is 
right  to  investigate  what  are  the  discriminating  structural  marks,  by 
which  species  are  distinguished  among  other  tribes  of  animals. — Secondly, 
it  should  be  ascertained  to  what  extent  variation  may  proceed  among 
races  which  are  historically  known  to  have  had  a  common  parentage,  and  I 
what  are  the  circumstances  which  most  favour  such  variation. — Thirdly,  I 
the  extreme  variations  which  present'  themselves  among  the  different  I 
races  of  Men,  should  be  compared  with  those  which  occur  among  tribes  | 
of  animals  known  to  be  of  the  same  parentage ;   and  it  should  be 
questioned,  at  the  same  time,  whether  the  circumstances  which  favour 
the  production  of  varieties  in  the  latter  case  are  in  operation  in  the 
former. — Fourthly,  where  it  is  impossible  to  trace-back  distinct  races  to 
their  origin,  it  is  to  be  inquired  how  far  agreement  in  physiological  and 
psychological  peculiarities  may  be  regarded  as  indicating  specific  identity, 
even  where  a  considerable  difference  exists  in  bodily  conformation ;  I 
and  this  test,  if  it  can  be  determined-on,  has  to  be  applied  to  Man. — 
Fifthly,  it  must  be  attempted  by  a  detailed  examination  of  the  varieties 
of  the  Human  race  themselves,  to  ascertain  whether  their  differences 
in  conformation  are  constant;  or  whether  there  are  not  such  occasional 
manifestations,  in  each  race,  of  a  tendency  to  assume  the  characters  of 
others,  as  to  prevent  any  definite  lines  being  drawn  between  the  several  | 
tribes  which  together  make-up  the  (supposed)  distinct  species. — Anj 
investigation  so  comprehensive  could  not  be  followed-out,  even  in  the I 
most  cursory  manner  that  would  be  consistent  with  utility,  within  the  I 
limits  of  the  present  work ;  and  no  more  will  be  attempted,  therefore,! 
than  an  indication  of  the  principal  points  of  difference  among  the  several; 
Races  of  Men,  and  a  statement  of  the  results  of  inquiry  into  their  degree 
of  constancy  in  each  of  the  principal  groups  which  they  have  been 
thought  to  mark-out.* 

839.  The  differential  characters  on  which  those  have  relied,  who  have 
sought  to  establish  the  existence  of  a  plurality  of  species  ^mong 
Mankind,  are  both  Anatomico-Physiological,  and  Psychological.  Under 
the  former  head  rank  the  colour  of  the  Skin,  the  texture  of  the  Hair, 
and  the  conformation  of  the  bony  Skeleton,  especially  the  Skull. 

*  The  whole 
opinion  most  success 

pbical  Treatise  on  the  "rnvsicai  History  oi  man.-     xor  «  wwc  w.  

Prichard's  argument,  with  some  additional  ^considerations  not  embraced  - 
Author  may  refer  to  his  own  I 
"  Cyclop,  of  Anat.  and  Phys  , 

History  of  the  Varieties  of  Man;"  and  his  shorter  Essay 
Human  Spooies,'  in  Orr's  "  Circle  of  the  Sciences,"  vol.  i 


Article  on  the  '  Varieties  of  the  Human  Species,  in 
rs.,"vol.  iv.-See  also  Dr.  K.  G.. Latham  s     N «  «g 
Man:"  and  his  shorter  Essay  on  the  '  Varieties  ot 
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latter  consist  in  the  superiority  claimed  for  some  races  over  others,  in 
Intellectual  power,  and  in  Moral  and  Religious  capacity.  The  former 
group  will  be  the  one  first  considered. 

840.  The  Colour  of  the  skin  exists  in  the  Epidermis  only ;  and  it 
depends  upon  the  admixture  of  pigment  cells  with  the  ordinary  epidermic 
cells ;  all  the  varied  hues  presented  by  the  different  races  of  men  being 
due  to  the  relative  amount  of  these  cells,  and  to  the  particular  tint  of 
the  pigment  which  they  form.  It  woxdd  be  easy,  by  selecting  well- 
marked  specimens  of  each  race,  to  make  it  appear  that  colour  affords  a 
character  sufficiently  distinctive  for  their  separation  ;  thus,  for  example, 
the  fair  and  mddy  Saxon,  the  jet-black  Negro,  the  olive  Mongolian,  and 
the  copper-coloured  North  American,  might  be  considered  to  be  posi- 
tively separated  from  each  other  by  this  character, — propagated,  as  it 
seems  to  be,  with  little  or  no  perceptible  change,  from  generation  to 
generation.  But  although  such  might  appear  to  be  the  clear  and 
obvious  result  of  a  comparison  of  this  kind,  yet  a  more  careful  and  com- 
prehensive survey  tends  to  break-down  the  barrier  that  would  be  thus 
established.  For,  on  tracing  this  character  through  the  entire  family  of 
Man,  we  find  the  isolated  specimens  just  noticed  to  be  connected  by 
such  a  series  of  links,  and  the  transition  from  one  to  the  other  to  be  so 
very  gradual,  that  it  is  impossible  to  say  where  the  lines  are  to  be 
drawn  between  them.  There  is  nothing  here,  then,  which  at  all 
approaches  to  those  fixed  and  definite  marks,  that  are  always  held  to  be 
requisite  for  the  establishment  of  specific  distinctions  among  other  tribes 
of  animals. 

841.  But  further,  there  is  abundant  evidence  that  these  distinctions 
are  far  from  being  constantly  maintained,  even  in  any  one  race.  For 
among  all  the  principal  subdivisions,  albinoism,  or  the  absence  of 
i  pigment-cells,  occasionally  presents  itself ;  so  that  the  fair  skin  of  the 
:  European  may  present  itself  in  the  offspring  of  the  Negro  or  of  the  Red 
W\Ian.*    On  the  other  hand,  instances  are  by  no  means  rare  of  the 

unusual  development  of  pigment-cells  in  individuals  of  the  fair-skinned 
V  races :  so  that  parts  of  the  body  are  of  a  dark  red  or  brown  hue,  or  even 
|  mite  black.    Such  modifications  may  seem  of  little  importance  to  the 

*  A  very  curious  example  of  change  of  colour  in  a  Negro  has  been  recently  recorded 
I  m  unquestionable  authority. — The  subject  of  it  is  a  negro  slave  in  Kentucky,  set.  45, 
t  vho  was  born  of  black  parents,  and  was  himself  perfectly  black  until  12  years  of  age. 
i  \t  that  time  a  portion  of  the  skin,  an  inch  wide,  encircling  the  cranium  just  within 
J  he  edge  of  the  hair,  gradually  changed  to  white  ;  also  the  hair  occupying  that  locality. 

I  t  white  spot  next  appeared  near  the  inner  canthus  of  the  left  eye  ;  and  from  this  the 

liite  colour  gradually  extended  over  the  face,  trunk,  and  extremities,  until  it  covered 
■die  entire  surface.    The  complete  change  from  black  to  white  occupied  about  ten 
f-irs ;  and  but  for  his  hair,  which  was  crisped  or  woolly,  no  one  would  nave  supposed 

I I  this  time  that  his  progenitors  had  offered  any  of  the  cbaracteristics  of  the  Negro, 
J-js  skin  presenting  the  healthy  vascular  appearance  of  that  of  a  fa ir-complexioned 
Jluropean.  When  he  was  about  22  years  of  age,  however,  dark  copper-coloured  or 
1  rown  spots  began  to  appear  on  the  face  and  hands  ;  but  these  have  remained  limited 
i|-J  the  portions  ot  the  surface  exposed  to  light.  About  the  time  that  the  black  colour 
I  "his  skin  began  to  disappear,  he  completely  lost  his  sense  of  smell  (§  610,  note) ;  and 
I  nee  he  has  become  white,  he  has  had  measles  and  hooping-cough  a  second  time. 
I  ?ee  Dr.  Hutchinson's  account  of  this  case,  in  the  "  Amer.  Joum.  of  Med.  Sci.,"  Jan. 
1352.) — A  case  of  partial  disappearance  of  the  black  colour  of  tho  Negro's  Skin  was 
\i  -ought  by  Dr.  Inman  before  the  Zoological  Section  of  the  British  Association  at 
}l  iverpool,  Sept.  1854. 

3  o  2 
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argument;  since  they  are  confined  to  individuals,  and  may  be  put  aside 
as  accidental.    But  there  is  ample  evidence  that  analogous  changes  may 
take  place  in  the  course  of  time,  which  tend  to  produce  a  great  variety 
of  shades  of  colour,  in  the  descendants  of  any  one  stock.    Thus,  in  the 
great  Indo-European  family  (part  of  the  Caucasian  race  of  Blumenbach), 
which  may  be   unquestionably  regarded  as  having  had  a  common 
origin,  we  find  tribes  with  fair  complexion,  yellow  hair,  and  blue 
eyes, — others  presenting  the  xanthous  or  olive  hue, — and  others  de- 
cidedly black.    A  similar  diversity  may  be  seen  among  the  American 
races,  which  are  equally  referable  to   one  common  stock;    and  it 
exists  to  nearly  the  same  extent  among  the  African  nations,  which 
appear   to  be  similarly  related  to  each    other.     It  may  be  freely 
admitted  that,  among  European  colonists  settled  in  hot  climates,  such 
changes  do  not  present  themselves  within  a  few  generations ;  but  in 
many  well-known  instances  of  earlier  colonization,  they  are  very  clearly 
manifested.    Thus  the  wide  dispersion  of  the  Jewish  nation,  and  their 
remarkable  isolation  (maintained  by  their  religious  observances)  from 
the  people  among  whom  they  live,  render  them  peculiarly  appropriate 
subjects  for   such    observations ;   and  we  accordingly  find  that  the 
brunette  complexion  and  dark  hair,  which  are  usually  regarded  as 
characteristic  of  that  race,  are  frequently  superseded,  in  the  Jews  of 
Northern  Europe,  by  red  or  brown  hair  and  fair  complexion;  whilst 
the  Jews  who  settled  in  India  some  centuries  ago,  have  become  as  dark 
as  the  Hindoos  around  them. 

842.  The  relation  of  the  complexions  of  the  different  Eaces  of  Man- ' 
kind  to  the  climates  they  respectively  inhabit,  which  is  established  by 
an  extended  comparative  survey  of  both,  leads  to  the  general  conclu- 
sion that  the  intertropical  region  of  the  earth  is  the  principal  seat  of  the 
darkest  races,  whilst  the  region  remote  from  the  tropics  is  that  of  the 
fairer  races ;  and  that  the  climates  approaching  the  tropics  are  generally 
inhabited  by  nations  which  are  of  an  intermediate  complexion.    It  is 
important  to  observe,  however,  that  no  regular  gradation  of  tint  can  be 
observed  in  passing  from  the  equatorial  to  the  polar  regions.    M.  Paul 
Broca*  has  particularly  pointed-out  that  the  Esquimaux  of  Greenland, 
the  Lapps  and  Finns  of  Europe,  and  the  Samoyedes  and  Kamschatkans 
of  Asia,  all  of  them  nations  inhabiting  the  most  northern  regions  of  the 
habitable  globe,  present  a  deep  olive  complexion,  dark  straight  hair,  and 
dark  eyes ;  being  considerably  deeper  in  hue  than  the  Chinese,  Burmese, 
Cochin- Chinese,  and  Malays,  although  these  are  situated  so  much 
nearer  the  equator,  and  are  exposed  to  the  rays  of  a  far  fiercer  sun. 
The  same  conclusion  is  forced  upon  us  by  a  survey  of  the  various 
nations  inhabiting  the  western  shores  of  America;  for  if  we  trace  I  .hem 
in  succession  from  Behring's  Straits  to  Patagonia,  we  shall  nnd  mat 
under  the  same  latitude  as  Norway  there  dwells  a  race  whose  colour 
yellowish-brown,  mixed  with  red ;  under  that  of  England  a  Pe^ecr^ 
white  race  (Vancouver's  Islanders),  under  that  of  France  a  i  ea  < 
(Oregon),  under  that  of  Spain  and  Algeria  a  black  race  (0allI°™  £ 
From  thence  as  far  as  the  equator,  under  the  same  latitude  as  u 

*  In  his  paper  '  On  Hybridity,'  in  M.  Brown-Sequard's  "  Journal  do  la ^^fSc 
for  1858,  p.  462.    See  for  many  analogous  instances,  J.  Lrauiurci,  m 
tions  of  the  Ethnological  Society,"  vol.  i.  p.  364. 
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and  Soudan,  are  races  of  a  merely  brown  tint,  much  lighter  than  the 
inhabitants  of  those  regions.  Lastly,  the  races  which  occupy  the  littoral 
region  extending  from  the  equator  to  Terra  del  Fuego,  present  a  brown 
b,  becoming  lighter  as  the  colder  regions  are  approximated  ;  but  are 
suddenly  succeeded,  under  the  rigorous  climate  of  Patagonia,  by  one  or 
more  blackish  or  altogether  black  races.  To  these  observations  it  may 
be  added,  that  high  mountains,  and  countries  of  great  elevation,  are 
generally  inhabited  by  people  of  a  lighter  colour  than  are  those  of  which 
the  level  is  low,  such  as  swampy  or  sandy  plains  upon  the  sea-coast. 
These  distinctions  are  particularly  well  seen  in  Africa,  where  the  tropics 
almost  exactly  mark-out  the  limits  of  the  black  complexion  of  the 
inhabitants  ;  and  where  the  deepest  hue  is  to  be  seen  among  the  Negroes 
of  the  Guinea  Coast,  whose  residence  unites  both  the  conditions  just 
mentioned,  whilst  the  mountainous  regions  in  their  immediate  vicinity 
are  inhabited  by  tribes  of  a  much  lighter  aspect. 

843.  The  nature  of  the  Hair  is,  perhaps,  one  of  the  most  permanent 
characteristics  of  different  races.  In  regard  to  its  colour  the  same  state- 
ments apply  as  those  just  made  with  respect  to  the  colour  of  the  skin ; 
the  variety  of  hue  being  given  by  pigment-cells,  which  may  be  more  or 
.ess  developed  under  different  circumstances.  But  it  has  been  thought 
hat  its  texture  affords  a  more  valid  ground  of  distinction ;  and  it  is  com- 
nonly  said  that  the  substance  which  grows  on  the  head  of  the  African 
•aces,  and  of  some  other  dark-coloured  tribes  (chiefly  inhabiting  tropical 
•Umates),  is  wool  and  not  hair.  This,  however,  is  altogether  a  mistake ; 
or  microscopic  examination  clearly  demonstrates  that  the  hair  of  the 
^egro  has  exactly  the  same  structure  with  that  of  the  European ;  and 
hat  it  does  not  bear  any  resemblance  to  wool,  save  in  its  crispness  and 
endency  to  curl.  Moreover,  even  this  character  is  far  from  being  a 
onstant  one ;  for,  whilst  Europeans  are  not  unfrequently  to  be  met  with, 
vhose  hair  is  nearly  as  crisp  as  that  of  the  Negro,  there  is  a  great  variety 
mongst  the  Negro  races  themselves,  which  present  every  gradation  from 

completely -crisp  (or  what  is  termed  woolly)  hair,  to  merely  curled  or 
ven  flowing  locks.*    A  similar  observation  holds-good  in  regard  to  the 

■  atives  of  the  islands  of  the  great  Southern  Ocean,  where  some  individuals 
ossess  crisp  hair,  whilst  others  of  the  same  race  have  it  merely  curled. 

— It  is  evident,  then,  that  no  characters  can  be  drawn  from  the  colour  or 
ixture  of  the  hair  in  Man,  sufficiently  fixed  and  definite  to  serve  for  the 
istinction  of  races  ;  #nd  this  view  is  borne-out  by  the  evident  influence 
f  climate  in  producing  changes  in  the  hairy  covering  of  almost  every 
ice  of  domestic  animals ;  such  changes  often  manifesting  themselves  in 
ie  very  individuals  that  have  been  transported  from  one  country  to 

i  lother,  and  yet  more  distinctly  in  succeeding  generations. 

844.  It  has  been  supposed  that  varieties  in  the  configuration  of  the 
I  keleton  would  afford  characters  for  the  separation  of  the  Human  races, 
[  iore  fixed  and  definite  than  those  derived  from  differences  in  the  form, 

*  It  is  a  very  common  mistake,  especially  in  the  United  States,  to  consider  Negro  as 
nonymous  with  African.    So  far  is  this  from  being  the  fact,  that,  as  Dr.  Latham 
stly  remarks,  "  the  true  Negro  area,  the  area  occupied  by  men  of  the  black  skin, 
I  lick  lips,  and  woolly  hair,  is  exceedingly  small ;  as  small  in  proportion  to  the  rest  of 
I  e  continent,  as  the  area  of  the  district  of  the  stunted  Hyperboreans  is  in  Asia,  or 
|  at  of  the  Lapps  in  Europe."    (See  §§  862,  863.) 
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colour,  or  texture  of  the  soft  parts  which  clothe  it :  and  attention  has 
been  particularly  directed  to  the  skull  and  the  pelvis,  as  affording  such 
characters.  It  has  been  generally  laid-down  as  a  fundamental  principle, 
that  all  those  nations  which  are  found  to  resemble  each  other  in  the 
shape  of  their  heads,  must  needs  be  more  nearly  related  to  each  other, 
than  they  are  to  tribes  of  Men  which  differ  from  them  in  this  particular. 
But  if  this  principle  be  rigorously  carried-out,  it  will  tend  to  bring 
together  races  which  inhabit  parts  of  the  globe  very  remote  from  each 
other,  and  which  have  no  other  mark  of  affinity  whatever ;  whilst,  on  the 
other  hand,  it  will  often  tend  to  separate  races  which  every  other  character 
would  lead  us  to  bring  together.  It  is  to  be  remembered,  moreover,  that 
the  varieties  in  the  conformation  of  the  skeleton,  presented  by  the  breeds 
of  domesticated  animals,  are  at  least  equal  to  those  which  are  manifested 
in  the  conformation  and  colour  of  their  soft  parts;  and  we  might  reason- 
ably expect,  therefore,  to  meet  with  similar  variations  among  the  Human 
races.  It  is  probable,  however,  that  climate  has  not  so  much  influence 
in  producing  such  changes  in  the  configuration  of  the  body,  as  the  peculiar 
habits  and  mode  of  life  of  the  different  races ;  and  Dr.  Prichard  has 
pointed-out  a  very  remarkable  relation  of  this  kind,  in  regard  to  the  three 
principal  types  of  form  presented  by  the'  Skull. 

Fig.  276. 


Profile  and  basal  views  of  the  Prognathous  Skull  of  a  Negro. 

845.  Among  the  rudest  tribes  of  Men,  hunters  and  savage  inhabitants 
of  forests,  dependent  for  their  supply  of  food  on  the  accidental  produce  ol 
the  soil,  or  on  the  chase, — among  whom  are  the  most  degraded  ot  the 
African  nations,  and  the  Australian  savages,  a  form  of  head  is  prevalen  , 
which  is  most  aptly  distinguished  by  the  term  prognathous,  indicating  a 
prolongation,  or  forward-extension  of  the  jaws  (Fig.  276).  This  character 
is  most  strongly  marked  in  the  Negroes  of  the  Gold  Coast,  whose  sKuii^ 
are  usually  so  formed  as  to  give  the  idea  of  lateral  compression.  ^  ^ 
temporal  muscles  have  a  great  extent,  rising  high  on  the  parietal  bon  ^ 
the  cheek-bones  project  forward,  and  not  outward;  the  upper  ja  ^ 
lengthened  and  projects  forwards,  giving  a  similar  projection  ° 
alveolar  ridge  and  to  the  teeth ;  and  the  lower  jaw  has  somewhat  o 
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same  oblique  projection,  so  that  the  upper  and  lower  incisor  teeth  are  set 
at  an  obtuse  angle  to  each  other,  instead  of  being  nearly  in  parallel 
planes  as  in  the  European.  From  the  shape  of  the  upper  jaw  alone 
would  result  a  marked  diminution  in  the  facial  angle,  measured  accord- 
ing to  the  method  of  Camper ;  but  this  diminution  is  far  from  being  suffi- 
cient to  approximate  the  Ethiopian  races  to  the  higher  Apes,  as  some 
have  supposed  it  to  be  (§  24).  Independently  of  the  diminution  of  the 
facial  angle  resulting  from  the  projection  of  the  upper  jaw,  it  is  quite 
certain  that  in  the  typical  prognathous  skull  there  is  a  want  of  elevation 
of  the  forehead ;  but  it  does  not  appear  that  there  is  a  corresponding 
diminution  in  the  capacity  of  the  cranial  cavity,  the  retreating  form  of 
the  forehead  being  partly  due  to  the  general  elongation  of  the  skull  in 
the  antero-posterior  direction.  Nor  is  it  true,  as  stated  by  some,  that 
the  position  of  the  foramen  magnum  in  the  Negro  is  decidedly  behind 
that  which  it  holds  in  the  European,  in  this  respect  approaching  that  of 
the  Apes  (§  21)  ;  since,  if  due  allowance  be  made  for  the  projection  of  the 
upper  jaw,  this  aperture  is  found  to  have  the  same  position  in  the  prog- 
nathous skull  as  in  the  oval  one,  namely,  exactly  behind  the  transverse 
line  bisecting  the  antero-posterior  diameter  of  the  base  of  the  cranium. 
The  prognathous  skull  is  further  remarkable  for  the  large  development  of 
the  parts  connected  with  the  organs  of  sense,  especially  those  of  smell  and 
hearing.  The  aperture  of  the  nostrils  is  very  wide,  and  the  internal  space 
allowed  for  the  distribution  of  the  olfactory  nerve  is  much  larger  than 
in  most  European  heads ;  the  posterior  openings  of  the  nasal  cavity  are  not 
less  remarkable  for  their  width,  than  the  anterior.  The  external  auditory 
meatus  is  also  peculiarly  wide  and  spacious  ;  and  the  orbital  cavities  have 
been  thought  to  be  of  more  than  ordinary  capacity, — but  this  last  is  by 
no  means  a  constant  character. 

846.  A  second  type  of  cranial  conformation,  very  different  from  the 
preceding,  belongs  principally  to  the  Nomadic  races  which  wander  with 
their  herds  and  flocks  over  vast  plains ;  and  to  the  tribes  which  creep  along 
the  shores  of  the  Icy  Sea,  and  live  partly  by  fishing,  and  in  part  on  the 
flesh  of  their  reindeer.  This  form,  designated  by  Dr.  Prichard  as  the 
pyramidal  (Fig.  277),  is  typically  exhibited  by  various  nations  of  Northern 
and  Central  Asia ;  and  is  seen  in  an  exaggerated  degree  in  the  Esquimaux. 
Its  most  striking  character  is  the  lateral  or  outward  projection  of  the 
zygoma,  which  is  due  to  the  form  of  the  malar  bones.  These  do  not  pro- 
ject forwards  and  downwards  under  the  eyes,  as  in  the  prognathous  skull ; 
but  take  a  lateral  or  outward  direction,  forming,  with  the  zygomatic  pro- 
cess of  the  temporal  bone,  a  large  rounded  sweep  or  segment  of  a  circle. 
From  this,  in  connection  with  the  narrowness  of  the  forehead,  it  results 
that  lines  drawn  from  the  zygomatic  arches,  touching  the  temples  on  either 
side,  instead  of  being  parallel  (as  in  Europeans),  meet  over  the  forehead, 
so  as  to  form  with  the  basis  a  triangular  figure.  The  upper  part  of  the 
face  being  remarkably  flat,  the  nose  also  being  flat,  and  the  nasal  bones, 
as  well  as  the  space  between  the  eyebrows,  being  nearly  on  the  same  plane 
with  the  cheek-bones,  the  triangular  space  bounded  by  these  lines  may 
be  compared  to  one  of  the  faces  of  a  pyramid.  The  orbits  are  large  and 
deep  ;  and  the  peculiar  conformation  of  the  bones  which  surround  it,  gives 
to  the  aperture  of  the  lids  an  appearance  of  obliquity, — the  inner  angle 
seeming  to  be  directed  downwards.   The  whole  face,  instead  of  presenting 
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an  oval  form,  as  in  most  Europeans  and  Africans,  is  of  a  lozenge-shape 
The  greater  relative  development  of  the  zygomatic  bones,  and  of  the 
bones  of  the  face  altogether,  when  compared  with  the  capacity  of  the 

Fig.  277. 


Front  and  basal  views  of  the  Pyramidal  Skull  of  an  Esquimaux. 

cranium,  indicates  in  the  pyramidal  skull  a  more  ample  extension  of  the 
organs  subservient  to  sensation ;  the  same  effect  being  thus  produced  by 
lateral  expansion,  as  by  the  forward  extension  of  the  facial  bones  in  the 
prognathous  skulls. 

847.  The  most  civilized  races, — those  which  live  by  agriculture  and 
the  arts  of  cultivated  life, — all  the  most  intellectually-improved  nations 

of  Europe  and  Asia, — have  a 
Km.  278.  shape  of  the  head  which  differs 

from  both  the  preceding,  and 
which  may  be  termed  oval  or 
elliptical.     This   at  once  ap- 
proves itself  as  a  more  symme- 
trical form ;  no  part  having  an 
excessive  prominence ;  whilst, 
on  the  other  hand,  there  is  no- 
where an  appearance  of  undue 
flattening  or  compression.  The 
head  is  altogether  of  a  rounder 
shape  than  in  the  other  varieties, 
and  the  forehead  is  more  ex- 
panded;   while  the  maxillary 
bones  and  the  zygomatic  arches 
are  so  formed  as  to  give  the 
face  an  oval  shape,  nearly  on 
a  plane  with  the  forehead  and 
cheek-bones,  and  not  projecting  towards  the  lower  part.    Owing  to 
the  more  perpendicular  direction  of  the  alveolar  processes,  the  Iron* 
teeth  are  fixed  in  planes  which  are  nearly  or  quite  parallel  to  each 
other.    The  principal  features  in  this  form  of  cranium  are  thus  of  a 
negative  character;  the  chief  positive  distinction  is  the  large  develop- 
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I  ment  of  the  cranial  cavity,  and  especially  the  fulness  and  elevation  of  the 
[  forehead,  in  proportion  to  the  size  of  the  face ;  indicating  the  predomi- 
Iciance  of  the  intellectual  powers  over  those  merely  instinctive  propensi- 
!  aes  which  are  more  directly  connected  with   sensations.  Among 
i  European  nations,  the  Greeks  have  probably  displayed  the  greatest 
<vmmetry  and  perfection  in  the  form  of  the  head ;  but  various  depar- 
tures may  be  traced  towards  the  preceding  forms,  when  we  compare  the 
Lsrania  of  different  races,  and  even  of  individuals,  belonging  to  the  same 
ptock, — some  approaching  the  pyramidal  form  of  the  Northern  Asiatics, 
vhilst  others  approximate  to  the  prognathous  type  of  the  Negro. 
8-18.  The  influence  of  habits  of  life,  continued  from  generation  to 
■feneration,  upon  the  form  of  the  head,  is  remarkably  evinced  by  the 
:l;.*ansition  from  one  type  to  another,  which  may  be  observed  in  nations 
maat  have  undergone  a  change  in  their  manners  and  customs,  and  have 
aaade  an  advance  in  civilization.    Thus,  to  mention  but  one  instance, 
;|ae  Turks  at  present  inhabiting  the  Ottoman  and  Persian  empires,  are  un- 
doubtedly descended  from  the  same  stock  with  those  nomadic  races  which 
Bee  still  spread  through  Central  Asia  (§  860).    The  former,  however, 
muving  conquered  the  countries  which  they  now  inhabit,  eight  centuries 
mace,  have  gradually  settled-  down  to  the  fixed  and  regular  habits  of  the 
-;lcdo-European  race,  and  have  made  corresponding  advances  in  civiliza- 
;  lt>n ;  whilst  the  latter  have  continued  their  wandering  mode  of  life,  and 
■nn  scarcely  be  said  to  have  made  any  decided  advance  during  the  same 
mGerval.   Now  the  long-since-civilized  Turks  have  undergone  a  complete 
Bunsformation  into  the  likeness  of  Europeans ;  whilst  their  nomadic  re- 
Hi  ives  retain  the  pyramidal  configuration  of  the  skull  in  a  very  marked 
fcgree.   Some  have  attributed  this  change  in  the  physical  structure  of  the 
ijlnrkish  race  to  the  introduction  of  Circassian  slaves  into  the  harems  of 
ll ;  Turks  ;  but  this  could  only  affect  the  opulent  and  powerful  amongst 
ft  t  j  race ;  and  the  great  mass  of  the  Turkish  population  have  always  in- 
rlrmarried  among  themselves.    The  difference  of  religion  and  manners 
|H.st  have  kept  them  separate  from  those  Greeks  whom  they  subdued  in 
11  new  Ottoman  countries  ;  as  in  Persia,  the  Tajiks,  or  real  Persians, 
rill  remain  quite  distinct  from  their  Turkish  rulers,  belonging  to  a  dif- 
alint  sect  among  the  Musstilmans,  and  commonly  living  apart  from  them. 
[  liln  like  manner,  even  the  Negro  head  and  face  may  become  assimi- 
1 3d  to  the  European,  by  long  subjection  to  similar  influences;  thus, 
j  r  some  of  our  older  West  Indian  Colonies,  it  is  not  uncommon  to  meet 
ifch' Negroes,  the  descendants  of  those  first  introduced  there,  who  ex- 
ili  it  a  very  European  physiognomy  ;  and  it  has  even  been  asserted  that 
JTegro  belonging  to  the  Dutch  portion  of  Guiana  may  be  distinguished 
|km  another  belonging  to  the  British  settlements,  by  the  similarity 
felithe  features  and  expression  of  each  to  those  which  respectively 
tlracterize  his  masters.    The  effect  could  not  be  here  produced  by  the 
(mixture  of  bloods,  since  this  would  be  made  apparent  by  alteration 
<  I  olour. — But  not  only  may  the  pyramidal  and  prognathous  types  be 
Harated  towards  the  elliptical ;  the  elliptical  may  be  degraded  towards 
j  er  of  these.    Want,  squalor,  and  ignorance  have  a  special  tendency  to 
1  ice  that  diminution  of  the  cranial  portion  of  the  skull,  and  that  in- 
)  I  se  of  the  facial,  which  characterize  the  prognathous  type  ;  as  cannot 
!  be  observed  by  any  one  who  takes  an  accurate  and  candid  survey  of 
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the  condition  of  the  most  degraded  part  of  the  population  of  the  great 
towns  of  this  country,  but  as  is  seen  to  be  pre-eminently  the  case  with 
regard  to  the  lowest  classes  of  Irish  immigrants.*  A  certain  degree  of  re- 
trogression to  the  pyramidal  type,  is  also  to  be  noticed  among  the  nomadic 
tribes  which  are  to  be  found  in  every  civilized  community.  Among  these, 
as  has  been  remarked  by  a  very  acute  observer,!  "  According  as  they  par- 
take more  or  less  of  the  purely  vagabond  nature,  doing  nothing  whatso- 
ever for  their  living,  but  moving  from  place  to  place,  preying  on  the  earn- 
ings of  the  more  industrious  portion  of  the  community,  so  will  the  attri- 
butes of  the  nomade  races  be  found  more  or  less  marked  in  them ;  and 
they  are  all  more  or  less  distinguished  for  their  high  cheek-bones  and 
protruding  jaws  ;"  thus  showing  that  kind  of  mixture  of  the  pyramidal 
with  the  prognathous  type,  which  is  to  be  seen  among  the  lowest  of  the 
Indian  and  Malayo-Polynesian  race. 

849.  Next  to  the  characters  derived  from  the  form  of  the  head,  those 
which  are  founded  upon  the  form  of  the  pelvis  seem  •  entitled  to  rank. 
These  have  been  particularly  examined  by  Professors  Vrolik  and  Weber. 
The  former  was  led  by  his  examinations  of  this  part  of  the  skeleton, 
to  consider  that  the  pelvis  of  the  Negress,  and  still  more  that  of  the 
female  Hottentot,  approximates  to  that  of  the  Simiae  in  its  general 
configuration  ;  especially  in  its  length  and  narrowness, — the  iliac  bones 
having  a  more  vertical  position,  so  that  the  anterior  spines  approach  one 
another  much  more  closely  than  they  do  in  the  European ;  and  the 
sacrum  also  being  longer  and  narrower.  On  the  other  hand,  Prof.  Weberf 
concludes,  from  a  more  comprehensive  survey,  that  no  particular  figure 
is  a  permanent  characteristic  of  any  one  race.  He  groups  the  principal 
varieties  which  he  has  met- with,  according  to  the  form  of  the  upper  open- 
ing into  oval,  roxind,  four-sided,  and  wedge-shaped.  The  first  of  these  is 
most  frequent  in  the  European  races ;  the  second,  among  the  American 
races ;  the  third,  most  common  among  the  Mongolian  nations,  corre- 
sponds remarkably  with  their  form  of  head ;  whilst  the  last  chiefly 
occurs  among  the  races  of  Africa,  and  is  in  like  manner  conformable 
with  the  oblong  compressed  form  usually  presented  by  their  cranium. 
But  although  there  are  particular  shapes  which  are  most  prevalent 
in  each  race,  yet  there  are  numerous  individual  deviations,  of  such 
a  nature  that  every  variety  of  form  presents  itself  occasionally  m  any 
given  race.  , 

850.  Other  variations  have  been  observed  by  anatomists,  between  the 
different  races  of  Mankind,  in  the  relative  length  of  the  bones,  and  m 
the  shape  of  the  limbs ;  but  these  also  seem  to  have  reference  to  the 
degree  of  civilization,  and  to  the  regularity  of  the  supply  of  wholesome 
nutriment.    It  is  generally  to  be  observed  that  the  races  least  improve 
by  civilization,  like  the  uncultivated  breeds  of  animals,  have  slendeT' 
lean,  and  elongated  limbs  ;  this  may  be  especially  remarked  in  the  nativ^ 
of  Australia.    In  nearly  aU  the  less  civilized  races  of  Men,  the  W 
are  more  crooked  and  badly-formed  than  the  average  of  those  "/'J 
peans  ;  and  this  is  particularly  the  case  in  the  Negro,  the  bones  ot  w 

*  See  the  "Dublin  University  Magazine,"  No.  xlviii. 

t  Mr.  Henry  Mayhew,  in  "  London  Labour  and  the  London  Foor,   p.  •  ^ 
J  "Die  Lehre  von  den  Ur-  und  Kacenformen  der  Schaedel  und  tfccKui 
schen  ;"  Dusseldorf,  1830. 
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j  legs  bow  outwards,  and  whose  feet  are  remarkably  flat.    It  Las  been 
I  generally  believed  that  the  length  of  the  fore-arm  in  the  Negro  is  so 
much  greater  than  in  the  European,  as  to  constitute  a  real  character  of 
approximation  to  the  Apes.    The  difference,  however,  is  in  reality  ex- 
I  tremely  slight ;  and  is  not  at  all  comparable  with  that  which  exists 
I  between  the  most  uncultivated  races  of  Men  and  the  highest  Apes 
(§  27).    And  in  regard  to  all  the  peculiarities  here  alluded-to,  it  is" to 
be  observed  that  they  can  only  be  discovered  by  the  comparison  of  large 
numbers  of  one  race  with  corresponding  numbers  of  another ;  for  in- 
dividuals are  found  in  every  tribe,  possessing  the  characters  which  dis- 
tinguish the  majority  of  the  other  race.    Such  peculiarities,  therefore, 
!»are  totally  useless  as  the  foundation  of  specific  characters;  being  simply 
;\  variations  from  the  ordinary  type,  resulting  from  causes  which  might 
.1  affect  the  entire  race,  as  well  as  individuals. — The  connection  between 
Ithe  general  form  of  the  body,  on  the  one  hand,  and  the  degree  of  civili- 
I  zation  (involving  the  regular  supply  of  nutriment)  on  the  other,  is  made 
y  apparent,  not  merely  by  the  improvement  which  we  perceive  in  the 
t  form,  development,  and  vigour  of  the  frame,  as  we  advance  from  the 
ilowest  to  the  most  cultivated  of  the  Human  races ;  but  also  by  the  de- 
;  gradation  that  is  occasionally  to  be  met- with  in  particular  groups  of  the 
I  ligher  tribes,  which  have  been  subjected  for  several  generations  to  the 
wmfluence  of  depressing  causes.    Of  such  degradation,  occurring  under 
:ircumstances  that  permit  its  successive  steps  to  be  traced,  we  have  a  re- 
llmarkable  example  in  the  conversion  of  certain  tribes  of  the  Hottentot 
■arace  into  Bushmen  (§  865)  ;  and  there  is  very  strong  ground  for  the 
>elief  that  similar  influences  have  operated  at  a  more  remote  period,  in 
■Ihhe  production  of  the  peculiar  characters  of  the  Guinea-coast  Negroes 
jfrnd  Australian  Bushmen. 

851.  Independently,  however,  of  the  obvious  modifying  influence  of 
■sxternal  circumstances,  much  allowance  must  be  made  for  that  tendency 
m )  variation,  which  presents  itself,  more  or  less,  in  all  those  races  of 
ronimals,  which  possess  such  a  constitutional  capability  of  adaptation  to 
»*hanges  in  climate,  habits  of  life,  &c,  as  enables  them  to  live  and 
il.ourish  under  a  variety  of  conditions.    Thus  we  find  that  the  offspring 

I  f  any  one  pair  of  domesticated  animals  do  not  all  precisely  agree  among 
tlaemselves,  or  with  their  parents,  either  in  bodily  conformation,  or  in 
slsychical  character ;  but  that  individual  differences,  as  they  are  termed, 
ttsist  among  them.  Now,  as  this  tendency  to  variation  cannot  be  clearly 
ila-aced  to  any  influence  of  external  circumstances,  it  is  commonly  dis- 
Hinguished  by  the  term  '  spontaneous ;'  but  as  there  is  no  effect  without 
A cause,  and  as  the  widest  differences  of  this  kind  present  themselves  in 
Maose  races  which  are  most  obviously  amenable  to  the  influence  of  ex- 
llirnal  conditions,  we  seem  justified  in  attributing  them  to  agencies  operat- 
ing unostensibly  upon  the  parents,  either  previously  to  their  intercourse, 

at  the  time  of  coition  (§  776),  or  in  the  female  during  the  period  of 
felero-gestation  (§  779).    The  difference  between  wild  and  domesticated 
ildmals  in  regard  to  colour  affords  a  very  good  illustration  of  this 
I  neral  fact ;  for  the  uniformity  among  the  former  is  no  less  remarkable 
[lan  the  want  of  constancy  among  the  latter ;  and  whilst  variety  of 

II  lour  soon  gives-place  to  uniformity,  when  domesticated  races  return 
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in  any  considerable  degree  towards  their  primitive  state,*  it  very 
speedily  developes  itself  in  races  which  are  undergoing  the  converse 
process.^ 

852.  Now  it  is  by  taking  advantage  of  those  '  spontaneous'  departures 
from  the  ordinary  type,  which  present  features  of  value  to  the  breeders 
of  domesticated  animals,  that  new  races  are  developed  from  time  to  time 
among  these ;  any  strongly-marked  peculiarity  which  thus  appears  in 
only  a  single  individual,  being  usually  transmitted  to  some  of  its  off- 
spring, and  being  almost  certainly  perpetuated  when  both  parents  are 
distinguished  by  it,  as  happens  when  the  products  of  the  first  procreation 
become  capable  of  breeding  with  each  other.  J — Now  there  can  be  no 
hesitation  in  admitting,  that  the  tendency  to  the  so-called  '  spontaneous' 
variation  prevails  in  the  Human  race  to  a  greater  degree  than  in  any 
other  ;  since  we  find  most  remarkable  diversities  in  features,  complexion, 
hair,  and  general  conformation,  among  the  offspring  of  the  same  paren- 
tage ;  whilst  more  special  modifications  of  the  ordinary  type,  such  as  the 
possession  of  six  fingers  on  each  hand  and  of  six  toes  on  each  foot,  are  of 
no  unfreqtient  occurrence.    Under  ordinary  circumstances,  these  modifi- 
cations tend  to  disappear  as  often  as  they  occur  ;  the  free  intermixture 
of  those  members  of  the  race  which  possess  them,  with  those  which 
depart  less  from  the  ordinary  type,  tending  to  merge  them  in  the  general 
average.    But  there  can  be  no  reasonable  doubt  that  if  the  same  kind  of 
segregation  were  practised  among  Mankind,  which  is  adopted  by  the 
breeders  of  animals  for  the  purpose  of  perpetuating  a  particular  variety, 
— if,  for  example,  the  members  of  a  six-fingered  family  were  to  inter- 
marry exclusively  with  one  another, — any  such  variety  would  be  per- 
manently established  as  a  new  race.    Now  if  it  be  borne  in  mind  that 
the  influence  of  a  scanty  population,  in  the  early  ages  of  the  Human 
race,  by  isolating  different  families  from  each  other,  and  causing  inter- 
marriages among  even  the  nearest  relatives,  would  have  been  precisely 
the  same  with  that  which  is  now  exercised  by  the  breeders  of  animals, 
we  see  one  reason  why  the  varieties  which  then  arose  should  have  a  much 
greater  tendency  to  self-perpetuation  than  those  which  now  occasionally 
present  themselves.    And  when,  too,  it  is  borne  in  mind,  that  the  change 
in  external  conditions  induced  by  migration  would  thus  operate  not  only 

*  Tbis  has  been  especially  noticed  in  the  dogs,  horses,  cattle,  sheep,  and  hogs,  in- 
troduced by  the  Spaniards  into  South  America. 

t  Thus  Mr.  T.  Bell  informs  us  ("  British  Quadrupeds,"  2nd  edit.,  p.  203),  that  en 
Australian  bitch,  or  dingo,  in  the  Zoological  Gardens,  had  a  litter  of  puppies,  tne 
father  of  which  was  also  of  that  breed  ;  both  parents  had  been  taken  in  the  wild  state, 
both  were  of  the  uniform  reddish-brown  colour  which  belongs  to  the  race,  and  tne 
mother  had  never  bred  before ;  but  the  young,  generated  in  confinement,  and  in  a 
half-domesticated  state,  were  all  more  or  less  spotted.  .    , , 

$  See  the  history  of  the  introduction  of  the  ancon  breed  of  sheep,  characterized  oj 
a  peculiar  conformation  of  its  limbs,  in  Massachusetts,  given  by  Col.  Hutchinson  in 
the  "Phil.  Trans."  for  1813.— A  similar  account  has  been  more  lately  given  by  rroi. 
Owen  (in  a  Lecture  delivered  before  the  Society  of  Arts,  Dec.  10,  1851),  "fP^™* 
the  recent  introduction  of  a  new  breed  of  merino  sheep,  distinguished  tor 'tne  10  y, 
smooth,  straight,  and  silky  character  of  the  wool,  and  now  known  as  the  Mauciia  ^ 
breed.— In  both  instances,  the  breed  originated  in  the  spontaneous  appea ranc e  o 
male  lamb  possessing  the  peculiarities  in  question  ;  from  its  offspring  such  a  se 
was  made  by  the  breeder,  as  enabled  him  to  bring  together  males  and  females, 
of  which  were  distinguished  by  them ;  and  in  their  progeny,  the  peculiarities 
formly  appeared. 
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j  upon  the  parents  but  upon  the  offspring,  and  would  have  a  continual 
t  influence  in  so  modifying  the  constitution  of  the  latter  that  the  pecu- 
liarities thus  acquired  by  them  would  be  transmitted  in  yet  greater  in- 
j  rensity  to  their  progeny,  there  is  no  real  difficulty  in  accounting,  upon 
[  the  strictest  physiological  principles,  for  the  widest  of  those  departures 
pom  one  common  type  of  conformation,  which  we  encounter  in  our 
\  3urvey  of  the  different  Eaces  of  Mankind.* 

853.  Hence  we  are  led  to  conclude,  that,  so  far  as  regards  their  Ana- 
j  tomical  structure,  there  is  no  such  difference  among  them  as  would  justify 
to  the  Zoologist  the  assertion  of  their  distinct  origin.    But  further, 
t  although  the  comparison  of  the  structural  characters  of  the  Human  races 
[does  not  furnish  any  positive  evidence  of  their  descent  from  a  common 
i  'stock,  it  justifies  the  assertion  that  even  if  their  stocks  were  originally 
[  listinct,  there  could  have  been  no  essential  difference  between  them ;  the 
I:  lescendants  of  any  one  such  stock  being  able  to  assume  the  characters  of 
mother.  This,  as  already  remarked,  can  be  proved  by  historical  evidence 
n  regard  to  a  sufficient  number  of  tribes,  to  justify  the  same  assertion 
tvith  respect  to  others,  whose  languages,  customs,  habits  of  thought,  &c. 
I  lave  an  affinity  strong  enough  to  warrant  us  in  regarding  them  as  de- 
|  cendants  of  the  same  stock,  whilst  their  physical  conformation  is  widely 
■afferent.    Each  principal  geographical  area,  which  is  so  isolated  from 
:  thers  as  to  render  it  probable,  a  priori,  that  its  population  has  extended 
from  one  centre, — such  as  the  Continent  of  Africa,  or  America, — contains 
aces  of  very  diversified  physical  characters,  whose  linguistic  affinities 
lake  it  almost  certain  that  they  must  have  had  a  common  descent ;  and 
puis,  in  whatever  mode  the  types  of  the  principal,  varieties  are  selected, 
i  ley  are  found  to  be  connected  by  so  gradual  a  series  of  intermediate  or 
r  :ansitional  forms,  that  it  is  impossible  to  draw  any  such  line  of  demarca- 
on  between  them,  as  would  be  required  by  a  soundly -judging  Naturalist 
Idt  the  boundary  of  distinct  species. 

854.  A  very  important  confirmation  of  this  view,  is  afforded  by  the 
f  -isential  agreement  which  exists  among  the  different  Races  of  Mankind  in 
fc  jgard  to  their  Physiological  history ;  the  variations  which  they  present 
j  ot  being  greater  than  those  which  we  meet-with  between  the  different 
I  idividuals  of  any  one  race.  Thus,  we  not  only  find  the  average  duration 
It *  life  to  be  the  same  (making  allowance  for  circumstances  which  are 
<:ely  to  induce  disease),  but  the  various  epochs  of  life, — such  as  the  times 
v '  the  first  and  second  dentition,  the  period  of  puberty,  the  duration  of 

I  'egnancy,  the  intervals  of  the  catamenia,  and  the  time  of  their  final 
|>ssation, — present  a  marked  general  uniformity,  such  as  does  not  exist 
tfQong  similar  epochs  in  the  lives  of  species  that  are  nearly  allied  but  yet 
»aquestionably  distinct.  Further,  the  different  races  of  Mankind  are  all 
Bhbject  to  the  same  diseases,  both  sporadic,  endemic,  and  epidemic ;  the 

II  ly  exceptions  being  those  in  which  the  constitution  of  a  race  has  grown 
ilia  certain  set  of  influences  (as  that  of  the  Negro  to  the  malaria  which 

if*  For  a  masterly  digest  of  the  analogical  evidence  furnished  by  the  changes  known 
fl  have  heen  thus  produced  among  domesticated  animals,  and  of  tho  modifications 
t|  ich  particular  tribes  of  Men  can  be  shown  to  have  undergone  witlnn  the  historic 
J I  nod,  see  Dr.  Pilchard's  "Physical  History  of  Mankind,"  and  his  "  Natural  History 
I  Man  ;"  see,  also,  the  summary  given  by  the  Author  in  tho  "  Cyclop,  of  Anat  and 
ysiol.,"  vol.  iv.  pp.  1301-1339 ;  and  Darwin,  "  Tho  Variation  of  Animals  and  Plants 
rider  Domestication,"  1868. 
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generate  certain  pernicious  fevers  in  the  European),  producing  an  here- 
ditary immunity  in  the  race,  which  is  capable  of  being  acquired  by 
individuals  of  other  races,  by  a  process  of  acclimatization  commenced 
sufficiently  early.* — The  most  important  physiological  test,  however  of 
specific  unity  or  diversity,  is  that  furnished  by  the  Generative  process 
It  may  be  considered  as  a  fundamental  fact,  alike  in  the  Vegetable  and 
in  the  Animal  kingdom,  that  hybrid  races  originating  in  the  sexual 
connection  of  individuals  of  two  different  species,  do  not  tend  to  self- 
perpetuation  ;  the  hybrids  being  nearly  sterile  with  each  other,  although 
they  may  propagate  with  either  of  their  parent-races,  in  which  the  hybrid 
race  will  soon  merge  ;  whilst,  on  the  other  hand,  if  the  parents  be  them- 
selves varieties  of  the  same  species,  the  hybrid  constitutes  but  another 
variety,  and  its  powers  of  reproduction  are  rather  increased  than  dimi- 
nished, so  that  it  may  continue  to  propagate  its  own  race,  or  may  be  used 
for  the  production  of  other  varieties,  almost  ad  infinitum.  It  appears 
that,  among  Plants,  hybrids  originating  between  undoubtedly  distinct 
species,  sometimes  reproduce  themselves  for  two  or  three  generations,  but 
do  not  continue  beyond  the  fourth.  Amongst  animals,  the  limits  of 
hybridity  between  parents  of  distinct  species  are  more  narrow,  since  the 
hybrid  is  totally  unable  to  continue  its  race  with  one  of  its  own  kind  ;f 
and  although  it  may  propagate  with  one  of  its  parent-species,  the  progeny 
will  of  course  approach  in  character  to  the  pure  breed,  and  the  race  will 
speedily  merge  into  it.  In  Animals,  as  among  Plants,  the  mixed  off- 
springs originating  from  different  races  within  the  limits  of  the  same 
species  generally  exceed  in  vigour,  and  in  the  tendency  to  multiply,  the 
parent-races  from  which  they  are  produced,  so  as  to  gain- ground  upon 
the  older  varieties,  and  gradually  to  supersede  them.  In  this  manner, 
by  the  crossing  of  the  breeds  of  our  domesticated  animals,  many  new  and 
superior  varieties  have  been  produced.  The  general  principle  is,  then, 
that  beings  of  distinct  sjjecies,  or  descendants  from  stocks  originally  dif- 
ferent, cannot  produce  a  mixed  race  which  shall  possess  the  capability  of 
perpetuating  itself;  whilst  the  union  of  varieties  has  a  tendency  to  produce 
a  race  superior  in  energy  and  fertility  to  its  parents. — The  application  of 
this  principle  to  the  Human  races  leaves  no  doubt  with  respect  to  then: 

*  This  view  of  the  immunity  of  the  Negro  race  from  certain  forms  of  Fever  which 
are  very  fatal  to  Europeans,  is  justified,  the  Author  believes,  by  all  the  facts  known 
upon  the  subject.    Much  may  be  set  down,  as  he  is  assured  by  Dr.  Daniell,  to  the 
better  adaptation  of  the  Negro  habits  of  life  to  their  climate  ;  and  Europeans  who 
exercise  due  caution  (especially  in  regard  to  the  functions  of  the  skin),  may  pre- 
serve an  immunity  scarcely  less  complete.     Dr.  D.  himself,  having  been  tax 
prisoner  by  one  of  the  Negro  tribes  at  an  early  age,  and  having  spent  two  yea 
among  them,  seems  to  have  been  thoroughly  acclimatized ;  and  has  subsequen 
passed  many  years  on  the  most  unhealthy  parts  of  the  coast,  without  experiences 
any  severe  attacks  of  illness,  and  in  the  enjoyment  of  very  good  general  healt  \. 
is  sometimes  maintained  that  the  Negro  race  possesses  such  a  complete  exemPu  h 
from  the  Yellow  Fever  of  the  United  States,  as  marks  its  specific  difference ;  b  ^ 
however,  is  not  constantly  the  case,  since  Negroes  occasionally  suffer  trom    .  ^ 
their  comparative  immunity  seems  fairly  attributable  to  the  constitutions   p  ^ 
liarity  acquired  by  their  African  progenitors,  and  capable  of  being  acqu 
Europeans  also.  ,  produced 

t  One  or  two  instances  have  been  stated  to  occur,  in  which  a  Mule  nas  j 
offspring  from  union  with  a  similar  animal ;  but  this  is  certainly  the  ^x"e.lia)1  the 
since  no  one  has  ever  maintained  that  the  race  can  be  continued  turtner 
second  generation,  without  admixture  with  one  of  the  parent-species. 
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pecific  unity;  for,  as  is  well  known,  not  only  do  all  the  races  of  Men 
t  'reed  freely  with  each  other,  but  the  mixed  race  is  generally  superior  in 
i  «hysical  development,  and  in  tendency  to  rapid  multiplication,  to  either 
[  i  the  parent-stocks ;  so  that  there  is  much  reason  to  believe  that,  in 

lany  countries,  the  mixed  race  between  the  Aborigines  and  European 
i  olonizers  will  ultimately  become  the  dominant  power  in  the  community, 
tfhis  is  especially  the  case  in  India,  South  America,  and  Polynesia. 

855.  The  question  of  Psychical  conformity  or  difference  among  the 
I  'aces  of  Mankind,  is  one  which  has  a  most  direct  bearing  upon  the 

uestion  of  their  specific  unity  or  diversity  ;  but  it  has  an  importance  of 
Us  own,  even  greater  than  that  which  it  derives  from  this  source.  For, 
Is 3  has  been  argued  with  great  justice  and  power,*  the  real  Unity  of 
kllankind  does  not  he  in  the  consanguinity  of  a  common  descent,  but  has 
1  >s  basis  in  the  participation  of  every  race  in  the  same  moral  nature,  and 
III  the  community  of  moral  rights  which  hence  becomes  the  privilege  of 
iHL  "  This  is  a  bond  which  every  man  feels  more  and  more,  the  farther 
I? 3  advances  in  his  intellectual  and  moral  culture,  and  which  in  this  deve- 
lopment is  continually  placed  upon  higher  and  higher  ground :  so  much 
I  >,  that  the  physical  relation  arising  from  a  common  descent  is  finally 

ist- sight- of,  in  the  consciousness  of  the  higher  moral  obligations."  It  is 
V.  these  obligations,  that  the  moral  rights  of  men  have  their  foundation; 

id  thus,  "  while  Africans  have  the  hearts  and  consciences  of  human 
je  sings,  it  could  never  be  right  to  treat  them  as  domestic  cattle  or  as  wild 
[Ivwl,  if  it  were  ever  so  abundantly  demonstrated  that  their  race  was  but 
ilii  improved  species  of  ape,  and  ours  a  degenerate  kind  of  god." — The 
[Issychical  comparison  of  the  various  Eaces  of  Mankind  is  really,  there- 
,|rre,  in  a  practical  point  of  view,  the  most  important  part  of  the  whole 
investigation ;  but  it  has  been,  nevertheless,  the  one  most  imperfectly 
flursued,  until  the  inquiry  was  taken-up  by  Dr.  Prichard.  The  mass  of 
'I'idence  which  he  has  accumulated  on  this  subject,  however,  leaves  no 
flaasonable  doubt  that  no  more  "  impassable  barrier"  really  exists  between 
^I'.e  different  races  with  respect  to  this,  than  in  regard  to  any  of  those  points 

■ '  ostensible  diversity  which  have  been  already  considered  ;  the  variations 
H  the  positive  and  relative  development  of  their  respective  psychical 
rpwers  and  tendencies,  not  being  greater,  either  in  kind  or  degree,  than 
llcose  which  present  themselves  between  individuals  of  our  own  or  of  any 
Biier  race,  by  some  members  of  which  a  high  intellectual  and  moral 
standard  has  been  attained.  The  tests  by  which  we  recognize  the  claims 
the  outcast  and  degraded  of  our  own  or  of  any  other  '  highly-civilized' 
ilimmunity,  to  a  common  humanity,  are  the  same  as  those  by  which  we 
(il  ould  estimate  the  true  relation  of  the  Negro,  the  Bushman,  or  the 
lliustralian,  to  the  cultivated  European.  If,  on  the  one  hand,  we  admit 
\Yq  influence  of  want,  ignorance,  and  neglect,  in  accounting  for  the 
ilbbasement  of  the  savages  of  our  own  great  cities, — and  if  we  witness 
||.e  same  effects  occurring  under  the  same  conditions  among  the  Bush- 
llen  of  Southern  Africa  (§  865), — we  can  scarcely  hesitate  in  admitting, 
f  lat  the  long-continued  operation  of  the  same  agencies  has  had  much  to 
with  the  psychical  as  well  as  the  physical  deterioration  of  the  Negro, 
til  astralian,  and  other  degraded  races.     So,  on  the  other  hand,  if  we 

\\*  See  the  "New  Quarterly  Review,"  No.  xv.  p.  131;  and  an  Article  by  Frof. 
llsassiz  in  the  "Christian  Examiner,"  Boston  (N.  E.),  1850. 
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cherish  the  hope  that  the  former,  so  far  from  being  irreclaimable,  may  at 
least  be  brought-up  to  the  standard  from  which  they  have  degenerated 
by  means  adapted  to  develope  their  intellectual  faculties  and  to  call 
forth  the  higher  parts  of  their  moral  nature,  no  adequate  reason  can  be 
assigned  why  the  same  method  should  not  succeed*  with  the  latter  if 
employed  with  sufficient  perseverance.  It  will  be  only  when  the  effect  of 
education,  intellectual,  moral,  and  religious,  shall  have  been  fairly  tested 
by  the  experience  of  many  generations,  in  conjunction  with  the  influence 
of  a  perfect  equality  in  civilization  and  social  position,  that  we  shall  be 
entitled  to  speak  of  any  essential  and  constant  psychical  difference  between 
ourselves  and  the  most  degraded  beings  clothed  in  human  form.  All  the 
evidence  which  we  at  present  possess  leads  to  the  belief,  that  under  a  vast 
diversity  in  degree  and  in  modes  of  manifestation,  the  same  intellectual, 
moral,  and  religious  capabilities  exist  in  all  the  Races  of  Mankind ;  so 
that,  whilst  we  may  derive  from  this  conformity  a  powerful  argument  for 
their  zoological  Unity  as  a  species,  we  are  also  directly  led  to  recognize 
their  community  of  moral  nature  with  ourselves,  and  to  admit  them  to  a 
participation  in  our  OAvn  rights. 

856.  Most  important  assistance  is  afforded  in  the  determination  of  the 
real  affinities  of  different  Races,  by  the  study  of  their  Languages.  This, 
however,  is  a  department  of  the  inquiry  so  far  beyond  the  limits  of 
Physiological  science,  that  it  must  be  here  dismissed  with  a  bare  mention 
of  those  results,  to  which  the  zealous  pursuit  of  it  by  a  large  number  of 
philosophic  Philologists  seems  undoubtedly  to  tend. — There  can  be  no 
reasonable  doubt  that,  as  a  general  principle,  the  affinities  of  races  are 
more  surely  indicated  by  their  languages  than  by  their  physical  features ; 
and  the  experienced  philologist  is  generally  able  to  discriminate  those 
resemblances,  which  may  have  arisen  out  of  the  introduction  of  words  or 
of  modes  of  construction  from  the  one  into  the  other,  by  conquest,  com- 
mercial intercourse,  or  absolute  intermixture,  from  those  which  are  the 
result  of  a  community  of  origin.   And  thus  are  supplied  those  means  of 
tracing  the  past  history  of  races,  which  are  seldom  afforded  by  written 
records,  or  even  (at  least  with  any  degree  of  certainty)  by  traditional  in- 
formation.   It  is  to  be  borne  in  mind  that  the  affinities  of  languages  are 
indicated,  not  merely  by  verbal  resemblance,  but  by  the  similarity  of 
their  modes  of  grammatical  construction,  or  the  methods  by  which  the 
relation  between  different  words  that  constitute  sentences  is  indicated. 
The  most  positive  evidence  is  of  course  afforded,  when  a  conformity 
exists  both  in  the  vocabularies  and  in  the  modes  of  construction  of  two 
languages ;  but  it  frequently  happens  that  although  the  conformity  exists 
in  regard  to  one  of  these  alone,  yet  the  evidence  which  it  affords  is  per- 
fectly satisfactory.    Thus,  there  are  many  cases  in  which  the  vocabularies 
are  so  continually  undergoing  important  changes  (the  want  of  written 
records  not  permitting  them  to  acquire  more  than  a  traditional  perma- 
nence), that  their  divergence  becomes  so  great,  even  in  the  course  of  a 
few  generations,  as  to  prevent  tribes  which  are  by  no  means  remote  y 
descended  from  a  common  ancestry,  from  understanding  one  another , 
whilst  yet  the  system  of  grammatical  construction,  which  depends  mo\ 
upon  the  grade  of  mental  development  and  upon  habits  of  tho11^.1  ' 
exhibits  a  remarkable  permanence.  Such  appears  to  be  true  of  the  enti 
group  of  American  languages  ;  which  seem,  as  a  whole,  to  be  legituna  ) 
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eferable  to  a  common  stock,  notwithstanding  their  complete  verbal 
Lversity.  On  the  other  hand,  when  two  languages  or  groups  of  languages 
iffer  greatly  in  construction,  but  present  that  kind  of  verbal  correspon- 
ence  on  which  the  philologist  feels  justified  in  placing  most  reliance 
laniely,  an  essential  conformity  in  those  '  primary  words'  which  serve 
j  represent  the  universal  ideas  of  a  people  in  the  most  simple  state  of 
xistence),  that  correspondence  may  be  held  to  indicate  a  community  of 
rigin,  if  it  can  be  proved  that  it  has  not  been  the  result  of  intercourse 
etween  the  two  families  of  nations  subsequently  to  their  first  divergence, 
id  if  it  seems  probable  on  other  grounds  that  their  separation  took  place 
;  a  period  when  as  yet  the  grammatical  development  of  both  languages 
as  in  its  infancy.  Such  appears  to  have  been  the  case  with  certain  of 
tose  groups  of  languages  whose  distinctness  can  be  traced  back  histori- 
Uly  for  the  longest  period.* — It  is  evident,  then,  that  Philological  inquiry 
ust  be  looked-to  as  one  of  the  chief  means  of  determining  the  question 
radiation  from  a  single  centre  or  from  multiple  centres ;  and  it  is  a 
uiarkable  fact,  that  the  linguistic  affinity  and  the  conformity  in  physical 
i  aracters  frequently  stand  in  a  sort  of  complemental  relation  to  each 
uier,  each  being  the  strongest  where  the  other  is  weakest ;  so  that,  by 
e  or  other  of  these  links  of  connection,  a  close  relationship  is  indicated 
tween  all  those  families  of  nations  under  which  the  several  races  appear 
I  be  most  naturally  grouped. 

p2.  General  Survey  of  the  Principal  Varieties  of  the  Human  Species. 

K357.  The  distribution  of  the  Races  of  Mankind  under  five  primary 
li  ieties,  according  to  their  respective  types  of  cranial  conformation,  as 

V  t  proposed  by  Blumenbach,  is  still  so  commonly  received,  notwith- 
jinding  the  distinct  proof  which  has  been  given  of  the  fallacious  nature 
It  ts  basis,  that  it  will  be  desirable  to  explain  his  terms,  and  at  the  same 
lee  to  show  how  far  the  information  subsequently  acquired  has  tended 
I  nodify  his  arrangement. — The  first  of  these  varieties,  which  is  con- 
I  ired  to  be  distinguished  by  the  possession  of  the  oval  or  elliptical^  type 
l  iranial  conformation,  was  designated  Caucasian  by  Blumenbach,  on 
f  i  grounds ;  first,  because  he  considered  the  Caucasian  people  (of  whom 

I  Georgians  and  Circassians  are  the  best-known  examples)  as  presenting 
i  ohysical  characters  in  the  greatest  perfection ;  and  second,  because  it 

The  changes,  or  stages  of  growth  and  development,  through  which  all  languages 
;  ably  pass,  have  been  traced  in  a  most  interesting  manner  by  Prof.  Max  Miiller, 
.*  8  "  Lectures  on  the  Science  of  Language,"  1861  :  see  Lectures  ii.  and  viii. 
V  Now  generally  termed  dolichocephalic,  from  doXtxog,  long,  and  Kt(pa\ri,  head ;  in 

-ition  to  fipaxvg,  short,  and  Kt<ba\i).    According  to  Retzius,  the  majority  of  the 

le  of  Western  Europe  are  dolichocephalic  and  orthognathic  (6p9oc,  upright,  and 
|  'oc,  jaw) ;  whilst  the  brachycephalic  is  the  prevalent  form  of  tho  skull  throughout 

freat  extent  of  Eastern  Europe.   He  regards  the  Hindoos,  Arian  Persians,  Arabs, 
I  Tews,  with  the  Tungusians  and  Chinese,  as  being  examples  of  Asiatic  dolicho- 
!  I  ali,  the  last  two  being  prognathic  (irpb,  forwards,  and  yvdOog,  jaw),  tho  former 

I I  -gnathic;  whilst  the  Samoiedes,  Turks,  Circassians,  Affghans,  Lascars,  Tartars, 
I  ,'olians  (both  of  Asiatic  Russia  and  Mongolia),  and  Malays,  are  all  prognathic 
r  I  lyccphali,  and  constituto  the  prevailing  type.  On  the  continent  of  Australia  and 
il  vn  Diemen's  Land,  all  the  savage  tribes  are  prognathic  dolichocephah.    See  his 

ice  at  the  present  state  of  Ethnology  with  Reference  to  tho  Form  of  the  Skull,'  in 

VI  Medico-Chir.  Rev."  for  1860,  vol.  xxv.  p.  503,  and  vol.  xxvi.  p.  215. 
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was  supposed  that  the  Caucasian  range  of  mountains  might  be  regarded 
as  the  centre  or  focus  of  the  races  belonging  to  it.  Neither  of  these 
ideas,  however,  is  correct ;  for  whilst  the  oval  form  of  cranium  is  pre- 
sented with  fully  as  great  beauty  and  symmetry  by  the  Greeks,  it  seems 
now  to  be  almost  certainly  determinable  by  the  evidence  of  language, 
that  the  Georgian  and  Circassian  nations  are  really  of  Mongolian  origin, 
and  consequently  have  no  direct  relation  of  affinity  with  the  other 
nations  usually  ranked  as  belonging  to  this  variety ;  and  the  evidence  of 
history  and  tradition,  so  far  from  pointing  to  the  Caucasian  range  as  the 
original  centre  of  radiation  of  the  race,  accords  with  that  of  language  in 
assigning  its  locality  much  nearer  to  Central  Asia.  It  would  be  most 
desirable,  therefore,  that  some  other  designation  should  be  substituted 
for  that  given  by  Blumenbach  ;  were  it  not  that  the  present  state  of  our 
knowledge  requires  the  entire  abandonment  of  his  doctrine,  that  the 
races  agreeing  in  this  type  of  conformation  are  mutually  connected  by 
community  of  descent.  For,  even  within  the  limits  of  Europe,  we  find 
at  least  two  nations, — the  Turks,  and  the  Magyars  or  true  Hungarians, — 
Avhose  crania  are  characteristically  oval,  and  which  are  yet  undoubtedly 
of  Mongolian  origin ;  and  although  some  allowance  must  be  made,  in 
regard  to  the  change  which  has  taken  place  among  the  former,  for  the 
influence  of  intermixt  ure  with  other  races,  yet  there  is  no  reason  to  believe 
that  any  such  influence  has  operated  among  the  Magyars,  whose  blood 
seems  to  have  been  transmitted  with  remarkable  purity  from  the  time 
when  they  settled  in  Hungary  about  ten  centuries  since.  In  Asia,  we  find 
this  type  presented  not  merely  by  the  Persian  and  other  Indo-European 
races,  but  also  by  the  Syro-Arabian,  and  by  the  larger  proportion  of  the 
inhabitants  of  Hindostan  ;  yet  the  Syro-Arabian  races  are  more. nearly 
related  to  the  African  stock  (§  859),  than  to  that  from  which  most  of  the 
present  inhabitants  of  Europe  have  sprung ;  and  there  is  good  reason  to 
believe  that  the  great  mass  of  the  existing  inhabitants  of  India  are  of 
Mongolian  descent  (§  861).  It  will  be  necessary,  therefore,  to  consider 
the  nations  which  present  the  so-called  Caucasian  type  of  cranial  conforma- 
tion, under  several  distinct  heads.  No  uniformity  exists  amongst  them 
in  regard  to  colour  ;  for  this  character  presents  every  intermediate  grada- 
tion between  the  fair  and  florid  tint,  with  light-red  or  auburn  hair,  of 
the  Northern  European,  to  the  dusky  or  even  black  hue  of  the  races 
bordering-on  or  lying-between  the  Tropics.  The  hair  is  generally  long 
and  flexible,  with  a  tendency  to  curl ;  but  considerable  variety  presents 
itself  with  regard  to  this  particular.  The  conformation  of  the  feat"r^ 
approaches  more  or  less  closely  to  that  which  we  are  accustomed  o 
regard  as  the  type  of  beauty. 

858.  The  first  place,  in  a  more  natural  distribution  of  the ' 
Races,  must  undoubtedly  be  given  to  that  which  is  designated  by  ■ 
Prichard  as  the  Avian,  and  which  is  often  termed  the  Indo-Europea^ 
eluding  the  collective  body  of  European  nations,  with  the  Persi  , 


in 


*  The  modern  Persians  are  a  very  mixed  race,  in  which  Turkish  and  Ara  ,^ose 

largely  participate.    The  most  perfect  representatives  of  the  ongi na i  s 1  >a]  fflj. 

purity  of  descent  seems  to  have  been  maintained,  from  the  time  o  ~[hcm  off 

gration  into  their  present  locality,  by  the  physical  obstacles  which  Have  c  ^fi)g  of 

from  intercourse  with  their  nearest  neighbours)  are  believed  to  o e  0„ntain- 
Kafiristan,  a  fair-skinned,  light-haired  race  inhabiting  the  unpractical 


INDO-EUROPEAN  NATIONS.  947 

feffghans,  and  certain  other  nations  of  the  south-western  portion  of  the 
lisiatic  continent,*  near  to  which  their  original  focus  appears  to  have 
|  en.  The  great  bond  of  connection  between  these  nations,  lies  in  their 
Ijguages;  which,  in  spite  of  great  diversities,  present  a  certain  community 

I,  character  that  is  recognized  by  every  philologist.  The  family  which 
Almost  dissimilar  to  the  rest  (the  typical  Celt  contrasting  remarkably 
llth  the  types  of  the  Germanic  group,  both  in  physical  conformation 

in  psychical  characters,)  is  that  formed  by  the  Celtic  nations;  but 
rose  are  undoubtedly,  like  the  others,  of  Eastern  origin,  as  was  first 
llpwn  by  Dr.  Prichard  ;f  though  they  appear  to  have  detached  them- 

|-/es  from  the  common  stock  at  an  earlier  period  in  the  development  of 
i  ^language.  The  Tracfo-Germanic  languages  are  obviously  all  formed 
t  ton  the  same  base  with  the  ancient  Sanskrit,  if  not  upon  the  Sanskrit 

:  If ;  and  they  are  united  alike  by  community  in  many  of  the  most  im- 
|l±ant  1  primary  words,'  and  by  general  similarity  in  grammatical  con- 
j 1  iction.  The  existing  Lettish  or  Lithuanian  dialect  presents  a  very  near 
i  Sv roach  to  the  original  type  ;  and  the  Old  Prussian,  a  dialect  spoken  as 

I  as  the  sixteenth  century,  had  a  still  closer  alliance  to  the  ancient  Zend 
felMedian,  which  seems  to  have  been  a  very  early  derivation  from  the 
slsskrit,  and  which  is  the  basis  of  the  language  now  spoken  in  Persia. — 

I  there  is  evidence  that,  notwithstanding  the  mutual  affinities  of  the 
||>-)- Germanic  languages,  every  one  of  them  has  been  modified  by  the  in- 

i  \\  uction  of  extraneous  elements :  thus,  in  those  of  Western  Europe,  there 
Mcconsiderable  admixture  of  Celtic ;  whilst  in  others,  there  are  traces  of 
lil.  e  barbaric  tongues.  In  fact,  there  can  be  little  doubt  that  Europe  had 
^•Indigenous  population,  before  the  immigration  of  the  Indo-German  or 

II .  of  the  Celtic  tribes ;  and  of  this  population  it  seems  most  probable 
Sftltthe  Lapps  and  Finns  of  Scandinavia,  and  the  Euskarians  (or  Basques) 

<I;'ae  Biscayan  provinces,  are  but  the  remnant.  The  former  of  these 
'll^s,  which  is  undoubtedly  of  Mongolian  origin,  once  extended  much 
f|  er  south  than  at  present;  and  with  regard  to  the  latter,  whose 
i|  est  linguistic  affinities  are  also  with  the  tongues  of  High  Asia,  there 
flluple  historical  proof  that  they  had  formerly  a  very  extensive  distri- 
|l:>n  through  Southern  Europe.   It  would  not  seem  improbable,  then, 

I  the  advance  of  the  Indo-European  tribes  from  the  south-east  corner 
¥1  Central  Europe,  separated  that  portion  of  the  aboriginal  (Mongolian) 
]  iation  which  they  did  not  absorb  or  destroy,  into  two  great  divisions ; 
yV.  lich  one  was  gradually  pressed  northward  and  eastward,  so  as  to  be 

cted  to  Finland  and  Lapland ;  and  the  other  southward  and  west- 
11 ,  so  as  to  be  confined  at  the  earliest  historic  period  to  a  part  of  the 
fj-sula  of  Spain  and  the  South  of  France,  gradually  to  be  driven  before 
I  successive  irruptions  of  the  Celts,  Komans,  Arabians,  and  other 
Was,  until  their  scanty  remnant  found  an  enduring  refuge  in  the 

7  on  the  watershed  between  the  Oxus  and  the  north-western  sources  of  the 
III  The  Tajiks  of  Bokhara  also  keep-up  the  ancient  lineage  and  language,  although 
k»|  ountry  is  ruled  by  people  of  Turkisn  descent.  . 

I I  ie  population  of  Hindustan  has  been  commonly  accounted  as  belonging  to 
\*\  /ision ;  but  the  more  intimate  the  knowledge  attained  of  its  character  and 
'*>  :  ,'es,  the  more  does  it  lead  to  the  conclusion  that,  the  groat  mass  6i  tins  popula- 

really  of  Mongolian  descent  (§861). 

t  "  On  the  Eastern  Origin  of  the  Celtic  Nations,  1831. 
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fastnesses  of  the  Pyrenees.* — The  Indo-Germanic  race  is  unquestionably 
that  which  has  exercised  the  greatest  influence  on  the  civilization  of  the 
Old  World ;  and  it  seems  indubitably  destined  to  acquire  a  similar  I 
influence  in  those  newly-found  lands,  which  have  been  discovered  by  its 
enterprise.  With  scarcely  an  exception,  as  Dr.  Latham  has  justly  re- 
marked, the  nations  belonging  to  it  present  an  encroaching  frontier  :  there 
being  no  instance  of  its  permanent  displacement  by  any  other  race,  save 
in  the  case  of  the  Arab  dominion  in  Spain,  which  has  long  since  ceased; 
in  that  of  the  Turkish  dominion  in  Turkey  and  Asia  Minor,  which  is 
evidently  destined  to  expire  at  no  distant  period,  being  upheld  for  merely 
political  purposes  by  extraneous  influence ;  and  in  that  of  the  Magyars 
in  Ilungary,  who  only  maintain  their  ground  through  their  complete 
assimilation  to  the  Indo-Germanic  character.  It  is  a  remarkable  fact,  that 
in  most  cases  in  which  this  race  extends  itself  into  countries  previously 
tenanted  by  people  of  an  entirely  different  type,  the  latter  progressively 
decline  and  at  last  disappear  before  it,  provided  the  climate  be  such  as 
enables  it  to  maintain  a  vigorous  existence;  this  is  pre-eminently  the 
case  in  North  and  South  America,  in  Australia,  in  New  Zealand,  and  in 
many  of  the  smaller  Polynesian  islands.  And  where  the  climate  is  less 
favourable  to  the  perpetuation  of  the  race  in  its  purity,  an  intermixture 
with  the  native  blood  frequently  gives  origin  to  a  mixed  race,  which 
possesses  the  developed  intellect  of  the  one,  and  the  climatic  adaptiveness 
of  the  other,  and  which  appears  likely  ultimately  to  take  the  place  of 
both. 

859.  The  Syro- Arabian  or  Semitic  nations  agree  with  the  preceding  in 
general  physical  characters,  but  differ  entirely  in  the  structure  of  their 
language,  and  for  the  most  part  in  vocabulary  also,  though  recent  re- 
searches seem  to  indicate  that  certain  roots  of  the  Semitic  and  Indo- 
Germanic  languages  have  a  decided  affinity.  It  seems  quite  certain, 
however,  that  the  linguistic  affinities  of  the  Semitic  nations  are  rather 
with  the  African  than  with  the  Indo-European  races ;  and  so  strong  is 
the  link  of  connection  thus  established,  that  by  Dr.  Latham  they  are 
ranked  with  the  former  under  the  general  designation  Atlantida,]  whilst 
Mr.  Norris,  whose  authority  upon  all  such  subjects  is  deservedly  great,  is 
strongly  disposed  (as  he  has  himself  informed  the  Author)  to  consider 
them  an  essentially  African  people. — The  origiual  seat  of  this  race,  how- 
ever, is  commonly  reputed  to  have  been  that  region  of  Asia  which  is  inter- 
mediate between  the  countries  of  the  Indo-European  and  of  the  Egyptian 
races ;  having  as  its  centre  the  region  watered  by  the  great  rivers  o 
Mesopotamia.  Several  of  the  nations  primarily  constituting  this  group 
have  become  extinct,  or  nearly  so ;  and  the  Arabs,  which  originally  forme 
but  one  subdivision  of  it,  have  now  become  the  dominant  race,  not  on  y 
throughout  the  ancient  domain  of  the  Syro- Arabian  nations,  but  also  j 
Northern  Africa.  In  the  opinion  of  Baron  Larrey,  who  had  amp 
opportunities  for  observation,  the  skulls  of  the  Arabian  race  furnisfi, 

*  This  view,  which  was  suggested  by  the  Author  in  the  "  Brit,  and  F0^,^' 
Rev.,"  Oct.  1847,  without  the  knowledge  that  it  had  been  elsewhere  propou nu  ^ 
been  put  forth  with  considerable  confidence  by  Dr.  Latham  ("  Varieties  ot  J iai .  ^ 
as  having  originated  with  Arndt  and  been  adopted  by  Rask,  distinguish 
navian  ethnologists. 

t  See  his  "  Varieties  of  Man,"  1850,  p.  469. 
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resent,  the  most  complete  type  of  the  human  head  ;  and  he  considered 
ie  remainder  of  the  physical  frame  as  equally  distinguished  by  its 
tperiority  to  that  of  other  races  of  men.    The  different  tribes  of  Arabs 
resent  very  great  diversities  of  colour,  which  are  generally  found  to  co- 
icide  with  variations  in  climate.    Thus  the  Shegya  Arabs,  and  others 
ving  on  the  low  countries  bordering  on  the  Nile,  are  of  a  dark-brown  or 
ren  black  hue  ;  but  even  when  quite  jetty,  they  are  distinguished  from 
ie  Negro  races  by  the  brightness  of  their  complexions,  by  the  length  and 
raightness  of  their  hair,  and  by  the  regularity  of  their  features.  The 
me  may  be  said  of  the  wandering  Arabs  of  Northern  Africa  ;  but  the 
fluence  of  climate  and  circumstances  is  still  more  strongly  marked  in 
une  of  the  tribes  long  settled  in  that  region,  whose  descent  may  be 
aced  to  a  distinct  branch  of  the  Syro-Arabian  stock,  namely,  the  Berber, 
which  belong  the  Kabyles  of  Algiers  and  Tunis,  the  Tuaryks  of  Sahara, 
id  the  Guanches  or  ancient  population  of  the  Canary  Isles.  Amongst 
,  ese  tribes,  whose  affinity  is  indisputably  traceable  through  their  very 
markable  language,  every  gradation  may  be  seen,  from  the  intense 
■ackness  of  the  Negro  skin,  to  the  more  swarthy  hue  of  the  inhabitants 
the  South  of  Europe.    It  is  remarkable  that  some  of  the  Tuaryk 
habitants  of  particular  Oases  in  the  great  desert,  who  are  almost  as 
psulated  from  communication  with  other  races  as  are  the  inhabitants  of 
Lands  in  a  wide  ocean,  have  hair  and  features  that  approach  those  of  the 
kgroes ;  although  they  speak  the  Berber  language  with  such  purity,  as 

1 1  forbid  the  idea  of  the  introduction  of  these  characters  by  an  inter - 
Ixxture  of  races.    The  Jews,  who  are  the  only  remnants  now  existing  of 

once-powerful  Phoenician  tribe,  and  who  are  now  dispersed  through 
liarly  every  country  on  the  face  of  the  earth,  present  a  similar  diversity 't 
pving  gradually  assimilated  in  physical  characters  to  the  nations  among 
l.iich  they  have  so  long  resided  (§  841). 

»860.  The  second  primary  division  of  the  Human  family,  according  to 

1 2  arrangement  of  Blumenbach,  is  that  commonly  termed  Mongolian. 
|>  e  real  Mongols,  however,  constitute  but  a  single  and  not  very  con- 
leierable  member  of  the  group  of  nations  associated  under  this  designa- 
I  n  ;  which  is,  therefore,  by  no  means  an  appropriate  one.  The  original 
Int  of  these  races  appears  to  have  been  the  great  central  elevated  plain 
I  Asia,  in  which  all  the  great  rivers  of  that  continent  have  their 
■ftrces,  whatever  may  be  their  subsequent  direction.  Taken  as  a 
1  ole,  this  division  is  characterized  by  the  pyramidal  form  of  the  skull, 
I  ose  antero-posterior  diameter  scarcely  exceeds  the  parietal,  and  by 

broad  flat  face  and  prominent  cheek-bones ;  by  the  flattening  of  the 
I  e,  which  is  neither  arched  nor  aquiline;  by  the  eyes  being  drawn 
I  vardsat  their  outer  angle;  by  the  xanthous  or  olive  complexion, 
lich  sometimes  becomes  fair,  but  frequently  swarthy  ;  by  the  scanti- 
il  s  and  straightness  of  the  hair,  and  deficiency  of  beard  ;  and  by  low- 
I  j  3  of  stature.   These  characters,  however,  are  exhibited  in  a  prominent 
\  ree  only  in  the  more  typical  members  of  the  group,  especially  those 
t  jabiting  Northern  and  Central  Asia;  and  may  become  so  greatly 
I  dined,  as  to  cease  altogether  to  be  recognizable.    Such  a  modification 
been  remarkably  effected  in  the  case  of  a  part  of  the  lurkish 
•  I  pie,  now  so  extensively  distributed.    All  the  most  learned  writers  on 
platic  history  are  agreed  in  opinion,  that  the  Turkish  races  are  of  one 


050 


OF  THE  BRANCHES  OF  THE  HUMAN  FAMILY. 


common  stock ;  although  at  present  they  vary  in  physical  characters  ti 
such  a  degree  that,  in  some,  the  original  type  has  been  altogether 
changed.  Those  which  still  inhabit  the  ancient  abodes  of  the  race,  and 
preserve  their  pastoral  nomadic  life,  present  the  physiognomy  and 
general  characteristics  which  appear  to  have  belonged  to  the  original 
Turkomans ;  and  these  are  decidedly  referable  to  the  so-called  Mongolian 
type.  Before  the  Mahommedan  era,  however,  the  Western  Turks  or 
Osmanlis  had  adopted  more  settled  habits,  and  had  made  considerable 
progress  in  civilization ;  and  their  adoption  of  the  religion  of  Islam 
incited  them  to  still  wider  extension,  and  developed  that  spirit  of 
conquest,  which,  during  the  middle  ages,  displayed  itself  with  such  re- 
markable vigour.  The  branches  of  the  race,  which,  from  their  long 
settlement  in  Europe,  have  made  the  greatest  progress  in  civilization, 
now  exhibit  in  all  essential  particulars  the  physical  characters  of  the 
European  model ;  and  these  are  particularly  apparent  in  the  conforma- 
tion of  the  skull. — Another  marked  departure  from  the  ordinary  Mon- 
golian type,  is  presented  by  the  Hyperborean  tribes  inhabiting  the 
borders  of  the  Icy  Sea  ;  these  have  for  the  most  part  a  pyramidal  skull, 
but  their  complexion  is  swarthy  and  their  growth  is  peculiarly  stunted; 
and  they  form  the  link  that  connects  the  ordinary  Mongolidae  with  the 
Lapps  and  Finns  of  Europe  on  one  side,  and  with  the  Esquimaux  of 
North  America  on  the  other.  The  Ugrian  division,  which  migrated 
towards  the  north-west  at  a  very  early  period,  planted  a  colony  in 
Europe,  which  still  tenants  the  northern  Baltic  countries,  forming  the 
races  of  Finns  and  Lapps.  In  the  time  of  Tacitus,  the  Finns  were  as 
savage  as  the  Lapps ;  but  the  former,  during  the  succeeding  ages,  be- 
came so  far  civilized,  as  to  exchange  a  nomadic  life  for  one  of  agricultural 
pursuits,  and  have  gradually  assimilated  with  the  surrounding  people ; 
whilst  the  Lapps,  like  the  Siberian  tribes  of  the  same  race,  have  ever 
since  continued  to  be  barbarous  nomades,  and  have  undergone  no  eleva- 
tion in  physical  characters.  The  same  division  gave  origin  to  the 
Magyars  or  Hvmgarians ;  a  warlike  and  energetic  people,  unlike  their 
kindred  in  the  North ;  in  whom  a  long  abode  in  the  centre  of  Europe 
has,  in  like  manner,  developed  the  more  elevated  characters,  physical 
and  mental,  of  the  European  nations. 

861.  The  nations  inhabiting  the  South-eastern  and  Southern  portions 
of  Asia,  also,  appear  to  have  had  their  origin  in  the  Mongolian  or 
Central-Asiatic  stock ;  although  their  features  and  form  of  skull  by 
no  means  exhibit  its  characteristic  marks,  but  present  such  departures 
from  it,  as  are  elsewhere  observable  in  races  that  are  making  advances 
in  civilization.  The  conformity  to  the  Mongolian  type  is  most  decidedly 
shown  by  the  nations  (collectively  termed  Seri/orm  by  Dr.  Latham), 
which  inhabit  China,  Thibet,  the  Indo-Chinese  peninsula,  and  the  base 
of  the  Himalayan  range  ;  these  are  associated  by  certain  linguistic  pecu- 
liarities which  distinguish  them  from  all  other  races ;  that  primitive 
condition  of  human  speech,  in  which  there  is  a  total  absence  of  inflec- 
tions indicative  of  the  relation  of  the  principal  words  to  one  an0™e^ 
being  apparently  preserved  with  less  change  in  the  tongues  of  t 
people,  than  in  those  of  any  other.  The  Chinese  may  be  Ph7™2 
characterized  as  Mongolians  softened-down ;  and  in  passing  from  un 
towards  India  through  the  Burmese  empire,  there  is  so  gradual  a  tra  - 


MODIFICATIONS  OF  MONGOLIAN  TYPE. 


951 


sition  towards  the  ordinary  Hindoo  type,  that  no  definite  line  of  demar- 
cation can  be  anywhere  drawn. — The  inhabitants  of  the  great  penin- 
sula of  Hindostan  have  been  commonly  ranked  (as  already  remarked) 
under  the  Caucasian  race  ;  both  on  account  of  their  physical  con- 
formity to  that  type,  and  also  because  it  has  been  considered  that  the 
basis  of  their  languages  is  Sanskritic.    It  is  certain,  however,  that  this 
conclusion  is  incorrect  with  regard  to  a  very  large  proportion  of  the 
existing  population  of  India ;  and  there  is  strong  reason  to  believe  that 
no  part  of  it  bears  any  real  relation  of  affinity  to  the  Indo-European 
group  of  nations,  except  such  as  may  be  derived  from  a  slight  inter - 
mixture.    Thus,  the  Tarnulian,  which  is  the  dominant  language  of 
Southern  India,  is  undoubtedly  not  Sanskritic  in  its  origin  (although 
containing  an  infusion  of  Sanskritic  words),  but  more  closely  ap- 
proximates to  the  Seriform  type ;  and  many  of  the  hill-tribes,  in 
different  parts  of  India,  speak  peculiar  dialects,  which,  though  mutually 
unintelligible,  appear  referable  to  the  same  stock.    Now  it  is  among 
.his  portion  of  the  population  of  India,  that  the  greatest  departure 
oresents   itself  from  the  Caucasian  type  of  cranial  formation,  and 
i.he  closest    conformity  to  the  Mongolian;    the   cheek-bones  being 
nore  prominent,  the  hair  coarse,  scanty,  and  straight,  and  the  nose 
lattened;  sometimes,  also,  the  lips  are  very  thick,  and  the  jaws  project, 
howing  an  ajjproximation  to  the  prognathous  type.     Now  in  the 
opinion  of  Dr.  Latham  and  Mr.  Norris,  the  various  dialects  of  Northern 
ndia  (of  which  the  Hindostani  is  the  most  extensively  spoken)  are  to 
>e  regarded  as  belonging,  in  virtue  of  their  fundamental  nature,  to  the 
i  ame  group  with  those  of  High  Asia,  notwithstanding  the  large  infusion 
f  Sanskritic  words  which  they  contain  ;  this  infusion  having  been  in- 
roduced  at  an  early  period  by  an  invading  branch  of  the  Arian  stock, 
f  whose  advent  there  is  historical  evidence,  and  whose  descendants  the 
.  rdinary  Hindoo  population  have  been  erroneously  supposed  to  be. 
ccording  to  this  view,  then,  the  influence  of  the  Arian  invasion  upon 
ie  language  and  population  of  Northern  India  was  very  much  akin  to 
lat  of  the  Norman  invasion  upon  those  of  England ;  the  number  of  in- 
[ividuals  of  the  invading  race  being  so  small  in  proportion  to  that  of 
ie  indigenous  population  as  to  be  speedily  merged  in  it, — not,  however, 
I  ith out  contributing  to  an  elevation  of  its  physical  characters;  and  a 
I  rge  number  of  new  words  having  been  in  like  manner  introduced, 
j  ithout  any  essential  change  in  the  type  of  the  original  language.  And 
j  ius  the  only  distinct  traces  of  the  Arian  stock  are  to  be  found  in  the 
rrahminical  caste,  which  preserves  (though  with  great  corruption)  the 
I  iginal  Brahminical  religion,  and  which  keeps-up  the  Sanskrit  as  its 
Lassical  language  ;  it  is  certain,  however,  that  this  race  is  tar  from 
|i;ing  of  pure  descent,  having  intermingled  to  a  considerable  extent 
Itith  the  ordinary  Hindoo  population.    There  is  but  little  to  remind  us 
I  the  Mongolian  type  in  the  countenances  of  the  .Hindoos,  which  are 
clten  remarkable  for  a  symmetrical  beauty  that  only  wants  a  more  intel- 
lt2tual  expression  to  render  them  extremely  striking ;  some  traces  of  it, 
J»wever,  may  perhaps  be  found  in  the  rather  prominent  zygomatic 
riches  which  are  common  amongst  them;  but  the  cranial  portion  of  the 
lull  presents  no  approach  to  the  pyramidal  type,  being  often  very 
hularly  elliptical.    There  is  a  remarkable  difference  in  the  colour  of 
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the  different  Hindoo  tribes;  some  being  nearly  as  dark  as  Negroes 
others  more  of  a  copper  colour,  and  others  but  little  darker  than  the 
inhabitants  of  Southern  Europe.* 

862.  According  to  the  usual  mode  of  dividing  the  Human  family,  the 
Ethiopian  or  Negro  stock  is  made  to  include  all  the  nations  of  Africa  to 
the  southward  of  the  Atlas  range.  But,  on  the  one  hand,  the  Hottentots  and 
Bushmen  of  the  southern  extremity  constitute  a  group  which  is  strongly 
distinguished  by  physical  characters  from  the  rest  of  the  African 
nations ;  so,  again,  the  region  north  of  the  Great  Desert  is  mostly  occu- 
pied by  Semitic  tribes  (§  859) ;  the  scattered  population  of  the  Great 
Desert  itself  is  far  from  being  Negro  in  many  of  its  features;  the  valley 
of  the  Nile,  at  least  in  its  middle  and  lower  portions,  including  Egypt, 
Nubia,  and  even  Abyssinia,  is  inhabited  by  a  group  of  nations  which 
may  be  designated  as  Nilotic,  and  which  presents  a  series  of  gradational 
transitions  between  the  Negroes  and  Kaffres  and  the  Semitic  races ;  a 
large  portion  of  the  area  south  of  the  Equator  is  occupied  by  the 
Kaffre  tribes  and  their  allies,  which  cannot  be  truly  designated  as 
Negroes :  so  that  the  true  Negro  area  is  limited  to  the  western  portion 
of  the  African  continent,  including  the  alluvial  valleys  of  the  Senegal, 
the  Gambia,  and  the  Niger,  with  a  narrow  strip  of  Central  Africa,  pass- 
ing eastwards  to  the  alluvial  regions  of  the  Upper  Nile.  Even  within 
this  area,  the  true  Negro  type  of  conformation,  such  as  we  see  in  the 
races  which  inhabit  the  low  countries  near  the  Slave  Coast, — consisting 
in  the  combination  of  the  prognathous  form  of  skull  with  receding  fore- 
head and  depressed  nose,  thick  lips,  black  woolly  hair,  jet-black 
unctuous  skin,  and  crooked  legs, — is  by  no  means  universally  pre- 
valent ;  for  many  of  the  nations  which  inhabit  it  must  be  ranked  as 
sub-typical  Negroes ;  and  from  these  the  gradation  in  physical  characters 
is  by  no  means  abrupt,  to  those  African  nations  which  possess,  in. a  con- 
siderable degree,  the  attributes  which  we  are  accustomed  to  exclude 
altogether  from  our  idea  of  the  African  race.  Thus,  the  race  of  Jolofs 
near  the  Senegal,  and  the  Guber  in  the  interior  of  Sudan,  have  woolly 
hair  and  deep-black  complexions,  but  fine  forms  and  regular  features 
of  a  European  cast;  and  nearly  the  same  may  be  said  of  the  darkest  of 
the  Kaffres  of  Southern  Africa.  The  Bechuana  Kaffres  present  a  still 
nearer  approach  to  the  European  type  ;  the  complexion  being  of  a  light- 
brown,  the  hair  often  not  woolly  but  merely  curled,  or  even  in  long 
flowing  ringlets,  and  the  figure  and  features  having  much  of  the  European 
character. — There  is  no  group,  in  fact,  which  presents  a  more  constant 
correspondence  between  external  conditions  and  physical  conformation, 
than  that  composed  of  the  African  nations.  As  we  find  the  complexion 
becoming  gradually  darker,  in  passing  from  Northern  to  Southern 
Europe,  thence  to  North  Africa,  thence  to  the  borders  of  the  Great 
Desert,  and  thence  to  the  intertropical  region  where  alone  the  dujles 
black  is  to  be  met  with,— so  do  we  find,  on  passing  southwards  from 
this,  that  the  hue  becomes  gradually  lighter  in  proportion  as  we  procee 
further  from  the  equator,  until  we  meet  with  races  of  comparative  y 
fair  complexions  among  the  nations  of  Southern  Africa.    Even  in 

*  For  many  interesting  particulars  respecting  the  physical  ?karactersandihata^ 
of  the  wild  tribes  of  the  Veddahs  of  Ceylon,  see  a  paper  by  J.  Bailey  m  tne 
actions  of  the  Ethnological  Society,"  vol.  ii.  p.  278. 
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intertropical  region,  high  elevations  of  the  surface  have  the  same  effect 
as  we  have  seen  them  to  produce  elsewhere,  in  lightening  the  com- 
plexion. Thus  the  high  parts  of  Senegambia,  where  the  temperature 
is  moderate  and  even  cool  at  times,  are  inhabited  by  Fulahs  of  a  light 
copper  colour,  whilst  the  nations  inhabiting  the  lower  regions  around 
them  are  of  true  Negro  blackness  :  and  nearly  on  the  same  parallel,  but 
at  the  opposite  side  of  Africa,  are  the  high  plains  of  Enarea  and  Kaffa, 
of  which  the  inhabitants  are  said  to  be  fairer  than  the  natives  of  Southern 
Europe. 

863.  The  languages  of  the  Negro  nations,  so  far  as  they  are  known, 
appear  to  belong  to  one  group ;  for  although  there  is  a  considerable 
diversity  in  their  vocabularies  (arising  in  great  part  from  the  want  of 
written  records  which  would  give  fixity  to  their  tongues),  yet  they  seem 
to  present  the  same  grade  of  development  and  the  same  grammatical 
forms ;  and  various  proofs  of  their  affinity  with  the  Semitic  languages 
have  been  developed,  these  being  afforded  by  similarity  alike  of  roots 
and  of  grammatical  construction.    The  Semitic  affinity  of  the  Negro 
nations  is  further  indicated  in  a  very  remarkable  manner,  by  the  exis- 
tence of  a  variety  of  superstitions  and  usages  among  the  Negroes  of  the 
We stern  coast,  closely  resembling  those  which  prevail  also  among  the 
I  Nilotic  races  whose  Semitic  relations  are  most  clear,  as  well  as  among 
branches  of  the  Semitic  stock  itself ;  and  thus  we  seem  to  have  adequate 
j  proof  of  the  absence  of  any  definite  line  of  demarcation,  in  regard  either 
I  to  physiological  or  to  linguistic  characters  between  the  Negro  race,  and 
one  of  those  which  has  been  hitherto  considered  to  rank  among  the 
i  most  elevated  forms  of  the  Caucasian  variety. — Nor  is  there  anything 
i  in  the  psychical  character  of  the  Negro,  which  gives  us  a  right  to  sepa- 
rrate  him  from  other  races  of  Mankind.    It  is  true  that  those  races 
which  have  the  Negro  character  in  an  exaggerated  degree,  are  uniformly 
i  in  the  lowest  stage  of  society,  being  either  ferocious  savages,  or  stupid, 
s  sensual,  and  indolent ;   such  are  most  of  the  tribes  along  the  Slave 
( Coast.    But,  on  the  other  hand,  there  are  many  Negro  States,  the  in- 
\  habitants  of  which  have  attained  a  considerable  degree  of  improvement 
in  their  social  condition ;  such  are  the  Ashanti,  the  Sulima,  and  the 
\  Dahomans  of  Western  Africa,  also  the  Guber  of  Central  Sudan,  among 
y  which  a  considerable  degree  of  civilization  has  long  existed ;  the  physical 
characters  of  all  these  nations  deviate  considerably  from  the  strongly- 
:  marked  or  exaggerated  type  of  the  Negro ;  and  the  last  are  perhaps  the 
finest  race  of  genuine  Negroes  on  the  whole  continent,  and  present  in 
heir  language  the  most  distinct  traces  of  original  relationship  to  the 
pyro- Arabian  nations.    The  highest  civilization,  and  the  greatest  lm- 
I  movement  in  physical  characters,  are  to  be  found  in  those  African 
t  lations  which  have  adopted  the  Mahommedan  religion ;  this  was  intro- 
V  luced,  three  or  four  centuries  since,  into  the  eastern  portion  of  Central 
lAfrica;  and  it  appears  that  the  same  people,  which  were  then  existing 
I  n  the  savage  condition  still  exhibited  by  the  pagan  nations  further 
I  outh,  have  now  adopted  many  of  the  arts  and  institutions  of  civilized 
I  ociety,  subjecting  themselves  to  governments,  practising  agriculture, 
ad  dwelling  in  towns  of  considerable  extent,  many  of  which  contain 
0,000,  and  some  even  30,000  inhabitants;  a  circumstance  which  implies 
r  considerable  advancement  in  industry,  and  in  the  resources  of  sub- 
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sistence.  This  last  fact  affords  most  striking  evidence  of  the  improva- 
bility  of  the  Negro  races ;  and,  taken  in  connection  with  the  many 
instances  that  have  presented  themselves,  of  the  advance  of  individuals 
under  favourable  circumstances,  to  at  least  the  average  degree  of  mental 
development  among  the  European  nations,  it  affords  clear  proof  that  the 
line  of  demarcation,  which  has  been  supposed  to  separate  them  intel- 
lectually and  morally  from  the  races  that  have  attained  the  greatest 
elevation,  has  no  more  real  existence  than  that  which  has  been  supposed 
to  be  justified  by  a  difference  in  physical  characters,  and  of  which  the 
fallacy  has  been  previously  demonstrated. 

864.  The  southern  portion  of  the  African  continent  is  inhabited  by  a 
group  of  nations,  which  (as  already  mentioned)  recede  more  or  less 
decidedly  from  the  Negro  type  in  physical  characters,  and  which  seem 
connected  together  by  essential  community  of  language,  as  branches  of 
the  stock  of  which  the  Kaffres  may  be  considered  the  stem.  In  this 
warlike  nomadic  people,  which  inhabit  the  eastern  parts  of  South  Africa, 
to  the  northward  of  the  Hottentot  country,  so  great  a  departure  from 
the  ordinary  Negro  type  presents  itself,  that  many  travellers  have  assigned 
to  them  a  different  origin.  The  degree  of  this  departure,  however,  varies 
greatly  in  the  different  Kaffre  tribes  ;  for  whilst  some  of  them  are  black, 
woolly-headed,  and  decidedly  prognathous,  so  as  obviously  to  approach 
the  modified  Negroes  of  Congo  in  general  aspect,  others  recede  conside- 
rably from  the  typical  prognathous  races,  both  in  complexion,  features, 
and  form  of  head,  presenting  a  light-brown  colour,  a  high  forehead,  a 
prominent  nose,  and  a  tall,  robust,  well-shaped  figure.  The  thick  lips 
and  black  frizzled  hair,  however,  are  generally  retained ;  though  the  hair 
is  sometimes  of  a  reddish  colour,  and  becomes  flowing  ;  and  the  features 
may  present  a  European  cast.  But  even  among  the  tribes  which  depart 
most  widely  from  the  Negro  type,  individuals  are  found  who  present  a 
return  to  it ;  and  it  is  interesting  to  remark,  that  the  people  of  Delagoa 
Bay,  though  of  the  Kaffre  race  (as  indicated  by  their  language),  having 
been  degraded  by  subjugation,  approach  the  people  of  the  Guinea  Coast 
in  their  physical  characters.  In  fact,  between  the  most  elevated  Kaffre 
and  the  most  degraded  Negro  every  possible  gradation  of  physical  and 
psychical  characters  is  presented  to  us,  as  Ave  pass  northwards  and  west- 
wards from  Kaffraria  towards  the  Guinea  Coast ;  and  we  meet  with  a 
similar  transition,  although  not  carried  to  so  great  an  extent,  as  we  pasg 
up  the  eastern  coast. — The  languages  of  the  Kaffres  and  other  allied  tribes 
are  distinguished  by  a  set  of  remarkable  characters,  which  have  been 
considered  as  isolating  them  from  other  African  tongues.  According  to 
Dr.  Latham,  however,  these  peculiarities  are  not  so  far  without  precedent 
elsewhere  as  to  establish  the  very  decided  line  of  demarcation  which  some 
have  attempted  to  draw  ;  and  may  be  regarded,  in  fact,  as  resulting  from 
the  fuller  development  of  tendencies  which  manifest  themselves  in  other 
African  languages. 

865.  The  Hottentot  race  differs  from  all  other  South  African  liatl01Q 
both  in  language  and  in  physical  conformation.    Its  language  canno 
shown  to  possess  distinct  affinities  with  any  other  stock  ;*  but  in  bo  y 

*  It  is  considered  bj  some,  that  the  Hottentot  language  is  a  degraded  ^jj^8 
the  Bushman  language  is  a  degraded  Hottentot;  but  the  Author  ?s.in,0f"T  Hotten- 
Norris,  that  he  sees  no  valid  ground  for  this  assumption ;  the  affinities  ot  tiie 
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structure  there  is  a  remarkable  admixture  of  the  characters  of  the  Mon- 
golian with  those  of  the  Negro.  Thus  the  face  presents  the  very  wide 
and  high  cheek-bones,  with  the  oblique  eyes  and  flat  nose,  of  the  Northern 
Asiatics ;  at  the  same  time  that,  in  the  somewhat  prominent  muzzle  and 
thick  lips,  it  resembles  the  countenance  of  the  Negro.  The  complexion 
is  of  a  tawny  buff  or  fawn  colour,  like  the  black  of  the  Negroes  diluted 
with  the  olive  of  the  Mongols.  The  hair  is  woolly,  like  that  of  the 
Negroes,  but  it  grows  in  small  tufts  scattered  over  the  surface  of  the  scalp 
(like  a  scrubbing  brush),  instead  of  covering  it  uniformly:  thus  resem- 
bling in  its  comparative  scantiness  that  of  the  Northern  Asiatics.  It  is 
most  interesting  to  observe  this  remarkable  resemblance  in  physical 
characters,  between  the  Hottentots  and  the  Mongolian  races,  in  connection 
■with  the  similarity  that  exists  between  the  circumstances  under  which 
they  respectively  live ;  and  it  is  not  a  little  curious  that  the  Hottentot, 
as  the  Mongol,  should  be  distinguished  by  the  extraordinary  acuteness 
of  his  vision  (§  644).  No  two  countries  can  be  more  similar  than  the 
vast  steppes  of  Central  Asia  and  the  karroos  of  Southern  Africa ;  and  the 
oroper  inhabitants  of  each  are  nomadic  races,  wandering  through  deserts 

•emarkable  for  the  wide  expansion  of  their  surface,  their  scanty  herbage, 
Hid  the  dryness  of  their  atmosphere,  and  feeding  upon  the  milk  and  flesh 
)f  their  horses  and  cattle.  Of  the  original  pastoral  Hottentots,  however, 
:omparatively  few  now  remain.    A  large  proportion  of  them  have  been 

ra dually  driven,  by  the  encroachments  of  the  Kaffres  and  of  European 
colonists,  and  by  internal  wars  with  each  other,  to  seek  refuge  among  the 
inaccessible  rocks  and  deserts  of  the  interior  ;  and  have  thus  been  con- 

'erted  from  a  mild,  unenterprising  race  of  shepherds,  into  wandering 
Hordes  of  fierce,  suspicious,  and  vindictive  savages,  treated  as  wild  beasts 

'}'  their  fellow-men,  until  they  become  really  assimilated  to  wild  beasts 
•  ii  their  habits  and  dispositions.  Hence  have  arisen  the  tribes  of  Bush- 
k  ten  or  Bosjesmen,  which  are  generally  regarded  as  presenting  the  most 
degraded  and  miserable  condition  of  which  the  Human  race  is  capable, 
md  have  been  supposed  (but  erroneously)  to  present  resemblances  in 
ll  hysical  characters  to  the  higher  Quadrumana.  This  transformation  has 
liken  place,  under  the  observation  of  eye-witnesses,  in  the  Koranas,  a 
\  -ibe  of  Hottentots  well  known  to  have  been  previously  the  most  advanced 
[i  l  all  the  improvements  which  belong  to  pastoral  life ;  for  having  been 
lilundered  by  their  neighbours,  and  driven-out  into  the  wilderness  to 
labsist  upon  wild  fruits,  they  have  adopted  the  habits  of  the  Bushmen, 
lid  have  become  assimilated  in  every  essential  particular  to  that  miserable 
liibe. — It  appears,  however,  from  the  inquiries  of  Dr.  Andrew  Smith,  that 
I  lis  process  of  degradation  has  been  in  operation  quite  independently  of 
I  eternal  agencies ;  nearly  all  the  South  African  tribes  who  have  made 
I  ly  advances  in  civilization  being  surrounded  by  more  barbarous  hordes, 
whose  abodes  are  in  the  wildernesses  of  mountains  and  forests,  and  who 

J  ;  language  being  rather,  in  his  opinion,  with  the  languages  of  High  Asia,  although 
I J  connecting  links  are  extremely  slight.    Such  as  they  are,  however,  they  tend  to 

Aafirm  an  idea  suggested  to  the  Author,  some  years  since,  by  the  marked  reproduc- 
I  n  of  so  many  Mongolian  characters  in  the  Hottentot  race— that  it  is  the  remnant 

■  la  migration  from  Asia,  earlier  than  that  in  which  the  great  bulk  of  the  African 
I  tions  have  their  origin  ;  and  that  it  has  been  driven  down  to  the  remotest  corner  of 
I  i  continent,  just  as  the  aboriginal  (Mongolian)  population  of  south-western  Europe 
I  ms  to  have  been  driven  back  by  the  Indo-European  immigration  (§  858). 
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constantly  recruit  their  numbers  by  such  fugitives  as  crime  and  destitution 
may  have  driven  from  their  own  more  honest  and  more  thriving  com- 
munities ;  and  these  people  vary  their  mode  of  speech  designedly,  and 
even  adopt  new  words,  in  order  to  make  their  meaning  unintelligible  to 
all  but  the  members  of  their  own  association.  This  has  its  complete 
parallel  in  the  very  midst  of  our  own  or  any  other  highly-civilized  com- 
munity ;  all  our  large  towns  containing  spots  nearly  as  inaccessible  to 
those  unacquainted  with  them,  as  are  the  rude  caves  or  clefts  of  hills,  or 
the  burrows  scooped-out  of  the  level  karroo,  in  which  the  wretched 
Bushman  lies  in  wait  for  his  prey  ;  and  these  being  tenanted  by  a  people 
that  have  been  well  characterized  as  les  classes  dange?,euses,  which,  as 
often  as  the  arm  of  the  law  is  paralyzed,  issue-forth  from  the  unknown 
deserts  within  which  they  lurk,  and  rival  in  their  fierce  indulgence  of 
the  most  degrading  passions,  and  in  their  excesses  of  wanton  cruelty,  the 
most  terrible  exhibitions  of  barbarian  inhumanity.  Such  outcasts,  in 
all  nations,  purposely  adopt,  like  the  Bushmen,  a  '  flash'  language ;  and 
in  their  general  character  and  usages  there  is  a  most  striking  parallel* 
866.  The  American  nations,  taken  collectively,  form  a  group  which 
appears  to  have  existed  as  a  separate  family  of  nations  from  a  very  early 
period  in  the  world's  history.  They  do  not  form,  however,  so  distinct  a 
variety,  in  regard  to  physical  characters,  as  some  anatomists  have  en- 
deavoured to  prove ;  for,  although  certain  peculiarities  have  been  stated 
to  exist  in  the  skidls  of  the  aboriginal  Americans,  yet  it  is  found  on  a 
more  extensive  examination,  that  these  peculiarities  are  very  limited  in 
their  extent, — the  several  nations  spread  over  this  vast  continent  differing 
from  each  other  in  physical  peculiarities  as  much  as  they  do  from  those 
of  the  Old  World,  so  that  no  typical  form  can  be  made-out  among  them. 
In  regard  to  complexion,  again,  it  may  be  remarked,  that  although  the 
native  Americans  have  been  commonly  characterized  as  "  red  men,"  they 
are  by  no  means  invariably  of  a  red  or  coppery  hue,  some  being  as  fair 
as  many  European  nations,  others  being  yellow  or  brown,  and  others 
nearly,  if  not  quite,  as  black  as  the  Negroes  of  Africa ;  whilst,  on  the 
other  hand,  there  are  tribes  equally  red,  and  perhaps  more  deserving  that 
epithet,  in  Africa  and  Polynesia.  Our  ordinary  notion  of  the  American 
races,  having  been  chiefly  founded  upon  the  characters  of  those  tribes  of 
'  Indians'  with  whom  European  settlers  first  came  into  contact,  proves  to 
be  no  more  applicable  to  the  inhabitants  of  the  Continent  generally,  than 
are  the  characters  of  the  Negro  to  the  population  of  Africa  as  a  whole 
(§  862). — In  spite  of  all  this  diversity  of  conformation,  it  is  believed  that 
the  structure  of  their  languages  affords  a  decided  and  clearly-marked 
evidence  of  relationship  between  them  (§  856).  Notwithstanding  their 
diversities  in  mode  of  life,  too,  there  are  peculiarities  of  mental  character, 
as  well  as  a  number  of  ideas  and  customs  derived  from  tradition,  wine 
seem  to  be  common  to  them  all ;  and  which  for  the  most  part  indicate  a 
former  elevation  in  the  scale  of  civilization,  that  has  left  its  traces  among 
them  even  in  their  present  depressed  condition,  and  still  distinguishes 
them  from  the  sensual,  volatile,  and  almost  annualized  savages,  that  are 
to  be  met- with  in  many  parts  of  .the  Old  Continent.— The  Esquimaux 
have  been  regarded  as  constituting  an  exception  to  all  general  ac?oU" 
of  the  physical  characters  of  the  American  nations  ;  for  in  the  conngu 
*  See  "  London  Labour  and  the  London  Poor,"  p.  2. 
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tion  of  their  skulls,  as  also  in  their  complexion  and  general  physiognomy, 
they  conform  to  the  Mongolian  type,  even  presenting  it  in  an  exaggerated 
degree ;  whilst  their  wide  extension  along  the  whole  northern  coast  of 
America,  through  the  Aleutian  Islands,  and  even  to  the  Continent  of 
Asia,  certainly  lends  weight  to  the  idea  that  they  derive  their  origin  from 
the  Northern  Asiatic  stock.  But  the  increased  acquaintance  which  has 
been  recently  gained  with  the  tribes  that  people  the  north-eastern  portion 
of  the  American  Continent,  has  clearly  shown  that  no  physical  separation 
can  be  established  between  the  Esquimaux  and  the  Indian  proper  ;  the 
one  form  graduating  so  insensibly  into  the  other,  as  to  make  the  distinction 
between  the  two  groups  there  as  difficult  as  on  the  western  side  it  is  easy. 
Hence  the  existence  of  the  Esquimaux  population  in  this  situation  affords 
a  complete  link  of  transition  between  the  Asiatic  and  the  American 
nations,  in  the  precise  region  in  which  the  geographical  relations  of  the 
two  continents  would  lead  us  to  expect  it. 

867.  It  now  remains  for  us  to  notice  the  Oceanic  races,  which  inhabit 
the  vast  series  of  islands  scattered  through  the  great  ocean  that  stretches 
from  Madagascar  to  Easter  Island,    There  is  no  part  of  the  world  which 
affords  a  greater  variety  of  local  conditions  than  this,  or  which  more 
evidently  exhibits  the  effects  of  physical  agencies  on  the  organization  of 
the  human  body.    Moreover,  it  affords  a  case  for  the  recognition  of 
affinities  by  means  of  language,  that  possesses  unusual  stability ;  since 
the  insulated  position  of  the  various  tribes  that  people  the  remote  spots  of 
this  extensive  tract  prevents  them  from  exercising  that  influence  upon 
each  other's  forms  of  speech,  which  is  to  be  observed  in  the  case  of  nations 
united  by  local  proximity  or  by  frequent  intercourse.    Tried  by  this  test, 
it  is  found  that  the  different  groups  of  people  inhabiting  the  greater  part 
of  these  iosular  regions,  although  so  widely  scattered  and  so  diverse  in 
physical  characters,  are  more  nearly  connected  together  than  most  of  the 
:  families  of  men  occupying  continuous  tracts  of  land  on  the  great  conti- 
nents of  the  globe.    A  probable  explanation  of  this  remarkable  affinity 
has  been  afforded  by  the  careful  investigation  of  the  Flora  and  Fauna  of 
l  these  regions*  by  Dr.  Hooker  and  Mr.  Wallace  ;  whose  observations 
i  furnish  strong  evidence  that  most  important  and  extensive  geological 
|  changes  have  taken  place  since  the  islands  scattered  over  that  region  have 
■  been  peopled  by  their  existing  inhabitants.    The  western  and  eastern 
jj.  halves  of  the  Indian  archipelago,  the  former  containing  Sumatra  and 
Borneo,  the  latter  including  Celebes  and  New  Guinea,  are  separated  at 
Y  their  nearest  approximation  by  the  Straits  of  Lombok,  which  are  no  more 
\  than  fifteen  miles  wide  :  the  Fauna  of  the  former  is  essentially  Asiatic, 
I  that  of  the  latter  essentially  Australian ;  and  there  is  no  other  intermixture 
I  between  them,  than  such  as  a  very  limited  migration  across  this  narrow 
I  channel  will  readily  account  for.  Now,  the  various  portions  of  the  Indian 
\  province  are  still  connected  by  a  vast  submarine  plain,  which  extends 
&  over  the  whole  of  the  Java  Sea,  the  Straits  of  Malacca,  the  Gulf  of  Siam, 
and  the  southern  part  of  the  China  Sea,  at  a  depth  of  not  more  than  three 

*  See  the  "  Introductory  Essay  to  the  Flora  of  New  Zealand,"  by  Dr.  J.  D.  Hooker, 
I  1853,  and  his  "Flora  of  Australia;  its  Origin,  Affinities,  and  Distribution,  1859. 
Mao  Mr.  A.  K.  Wallace,  '  On  the  Zoological  Geography  of  the  Malay  Archipelago 
n  the  "  Proceedings  of  the  Linnsean  Society"  for  November,  1859 ;  and  the  review  of 
|  theBe  works  in  the  "  Mcdico-Chir.  Bev."  for  1860,  vol.  xxv.  p.  37J. 
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hundred  feet,  abruptly  terminating  at  its  limits  in  an  unfathomable  ocean. 
An  elevation  of  the  sea-bottom  to  this  amount,  therefore,  would  nearly 
double  the  extent  of  tropical  Asia  ;  and  there  is  every  probability  that  the 
continent  was  thus  extended  before  that  last  great  elevation  of  the  volcanic 
range  of  Java  and  Sumatra  took-place,  which  (according  to  the  general 
fact  first  brought  into  notice  by  Mr.  Darwin,  of  an  alternation  of  bands  of 
elevation  and  depression)  was  coincident  with  the  subsidence  that  sepa- 
rated those  islands  from  Borneo  on  the  one  side,  and  from  the  continent 
of  Asia  on  the  other.  On  the  other  hand,  the  great  Pacific  Continent,  of 
which  New  Guinea  and  Australia  are  doubtless  fragments,  and  which  (as 
Dr.  Hooker  has  rendered  probable  by  botanical  considerations)  once  con- 
nected Australia  and  New  Zealand  with  South  America,  seems  to  have 
extended  itself  as  far  westward  as  the  Moluccas  ;  and  its  submergence, 
producing  the  limitation  and  separation  of  the  great  islands  of  the  South 
Sea,  seems  to  have  taken  place  before  the  rise  of  the  tropical  Asiatic 
continent.  There  are  even  indications  that  the  tropical  Indian  Continent 
extended  so  near  to  what  is  now  the  coast  of  Africa,  that  the  Isle  of 
Bourbon  and  the  Mauritius,  perhaps  even  Madagascar,  were  outlying 
portions  of  it ;  and  if  the  submergence  which  formed  the  bed  of  the  pre- 
sent Indian  Ocean  should  have  taken  place  subsequently  to  the  time  when 
those  countries  became  inhabited  by  Man,  we  have  a  rational  explanation 
of  the  fact  which  has  perplexed  all  ethnologists,  and  which  the  hypothesis 
of  migration  can  scarcely  be  stretched  far  enough  to  account  for, — that 
both  the  Fauna  and  the  languages  of  Madagascar  are  rather  Malayo- 
Polynesian  than  African  in  their  fundamental  affinities. 

8G8.  The  inhabitants  of  Oceania  seem  divisible  into  two  principal 
groups,  which  are  probably  to  be  regarded  as  having  constituted  distinct 
races  from  a  very  early  period ;  these  are  the  Malayo-Polynesian  race, 
and  the  Negritos  or  Pelagian  Negroes.  The  Malayo-Polynesian  group  is 
by  far  the  more  extensive  of  the  two ;  and  comprehends  the  inhabitants 
of  the  greater  part  of  the  Indian  and  Polynesian  Archipelagoes,  with  the 
peninsula  of  Malacca  (which  is  the  centre  of  the  Malays  proper),  and 
perhaps  the  inhabitants  of  Madagascar.  These  are  all  closely  united  by 
affinities  of  language.  The  proper  Malays  bear  a  strong  general  resem- 
blance to  the  Mongolian  races,  and  this  resemblance  is  shared,  in  a  greater 
or  less  degree,  by  most  of  the  inhabitants  of  the  Indian  Archipelago. 
They  are  of  a  darker  complexion,  as  might  be  expected  from  their 
proximity  to  the  equator ;  but  in  this  complexion,  yellow  is  still  a  large 
ingredient.  The  Polynesian  branch  of  the  group  presents  a  much  wider 
diversity  ;  and  if  it  were  not  for  the  community  of  language,  it  might  be 
thought  to  consist  of  several  races,  as  distinct  from  each  other  as  from  the 
Malayan  branch.  Thus  the  Tahitians  and  Marquesans  are  tall  and  well- 
made  ;  their  figures  combine  grace  and  vigour  ;  their  skulls  are  usual  y 
remarkably  symmetrical ;  and  their  physiognomy  presents  much  oi  tc i  • 
European  cast,  with  a  very  slight  admixture  of  the  features  of  the  JNegro. 
The  complexion,  especially  in  the  females  of  the  higher  classes  who  are 
sheltered  from  the  wind  and  sun,  is  of  a  clear  olive  or  brunette,  suea 
is  common  among  the  natives  of  Central  and  Southern  Europe ;  an  ^ 
hair,  though  generally  black,  is  sometimes  brown,  or  auburn, « or  evei 
or  flaxen.  Among  other  tribes,  as  the  New  Zealanders,  and  the  .l 
and  Friendly  Islanders,  there  are  greater  diversities  of  conformatio 
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hue ;  some  being  finely  proportioned  and  vigorous,  others  comparatively 
L  small  and  feeble  ;  some  being  of  a  copper -brown  colour,  others  nearly 
I  black,  others  olive,  and  others  almost  white.  In  fact,  if  we  once  admit 
I  a  strongly- marked  difference  in  complexion,  features,  hair,  and  general 
J.  configuration,  as  establishing  a  claim  to  original  distinctness  of  origin,  we 

I  must  admit  the  application  of  this  hypothesis  to  almost  every  group  of 
■islands  in  the  Pacific; — an  idea,  of  which  the  essential  community  of 

plilanguage  seems  to  afford  a  sufficient  refutation.  Among  the  inhabitants 
Hi  of  Madagascar,  too,  all  of  which  speak  dialects  of  the  same  language,  some 

I I  bear  a  strong  resemblance  to  the  Malayan  type,  whilst  others  present 
approaches  to  that  of  the  Negro. 

869.  The  Negrito  or  Pelagian- Negro  races  must  be  regarded  as  a 
dl  group  altogether  distinct  from  the  preceding  ;  having  a  marked  diversity 
j  1  of  language  ;  and  presenting,  more  decidedly  than  any  of  the  Malayo- 
(' rPolynesians,  the  characters  of  the  Negro  type.    They  form  the  predonii- 
[mating  population  of  New  Britain,  New  Ireland,  the  Louisiadeand  Solo- 
[  mon  Isles,  of  several  of  the  New  Hebrides,  and  of  New  Caledonia;  and 
it  they  seem  to  extend  westwards  into  the  mountainous  interior  of  the 
[\ Malayan  Peninsula,  and  into  the  Andaman  Islands  in  the  Bay  of  Bengal.* 
jjlThe  Tasmanians,  or  aborigines  of  Van  Diemen's  Land,  which  are  now 
i    almost  completely  exterminated,  undoubtedly  belonged  to  this  group. 
fcWery  little  is  known  of  them,  except  through  the  reports  of  the  people  of 
R  Malay  o-Polynesian  race  inhabiting  the  same  islands  ;  but  it  appears  that, 
\;  generally  speaking,  they  have  a  very  inferior  physical  development,  and 
.  ead  a  savage  and  degraded  life.    There  is  considerable  diversity  of  phy- 
i  i  sical  characters  among  them  ;  some  approximating  closely  in  hair,  com- 
1  flexion,  and  features,  to  the  Guinea- Coast  Negroes ;  whilst  others  are  of 
rellower  tint,  straight  hair,  and  better  general  development.  The 
j  Papuans,  who  inhabit  the  northern  coast  of  New  Guinea  and  some 
[•adjacent  islands,  and  who  are  remarkable  for  their  large  bushy  masses  of 
I  half- woolly  hair,  have  been  supposed  to  constitute  a  distinct  race ;  but 
here  is  little  doubt  that  they  are  of  hybrid  descent,  between  the  Malays 
.nd  the  Pelagian  Negroes. — To  this  group  we  are  probably  to  refer  the 
iMtlfourous,  or  Alforian  race,  which  are  considered  by  some  to  be  the 
iliiarliest  inhabitants  of  the  greater  part  of  the  Malayan  Archipelago,  and 
I  o  have  been  supplanted  by  the  more  powerful  people  of  the  preceding 
Aaces,  who  have  either  extirpated  them  altogether,  or  have  driven  them 
•  cm  the  coasts  into  the  mountainous  and  desert  parts  of  the  interior. 
I -hey  are  yet  to  be  found  in  the  central  parts  of  the  Moluccas  and  Philip- 
■i>ines ;  and  they  seem  to  occupy  most  of  the  interior  and  southern  portion 
f  New  Guinea,  where  they  are  termed  Endamenes.    They  are  of  very 
wark  complexion  ;  but  their  hair,  though  black  and  thick,  is  lank.  They 

*  An  interesting  paper  '  On  the  Mincopie  Race  of  the  Andaman  Isles,'  by  Pro- 
>#-S8or  Owen,  will  be  found  in  the  "  Transactions  of  the  Ethnological  Society"  for  1863, 

34.  They  appear  to  be  amongst  the  most  degraded  of  the  Human  species,  pos- 
j|>*8ing  no  notion  of  a  Supreme  Being,  nor  of  a  future  existence,  nor  any  sense  of 
llocency  or  shame;  they  are  of  diminutive  size,  yet  the  cranium  is  well  formed,  of  an 
■*al  type,  with  rather  receding  forehead,  and  they  are  skilful  in  making  knives  of 
i  luass  and  iron  cast  up  from  wrecks.  They  possess  considerable  power  of  imitation, 
;|iid  are  active  in  running,  climbing,  and  swimming.  Tbey  are  not  cannibals.  Prof. 
»wen  concludes  that  they  are  the  aborigines  of  these  islands  ;  but  remarks,  that  an- 
J  cedent  generations  may  have  coexisted  with  the  slow  and  gradual  geological  changes 
i  f  hich  have  obliterated  the  place  or  continent  of  their  primitive  origin. 
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have  a  peculiarly  repulsive  physiognomy  ;  the  nose  is  flattened,  so  as  to 
give  the  nostrils  an  almost  transverse  position;  the  cheek-bones  project* 
the  eyes  are  large,  the  teeth  prominent,  the  lips  thick,  and  the  mouth 
wide.    The  limbs  are  long,  slender,  and  misshapen.    From  the  close  re- 
semblance in  physical  characters  between  the  Endamenes  of  New  Guinea 
and  the  aborigines  of  New  Holland,  and  from  the  proximity  between  the 
adjacent  coasts  of  these  two  islands,  it  may  be  surmised  that  the  latter 
belong  to  the  Alforian  race  ;  but  too  little  is  known  of  the  language  of 
either  to  give  this  inference  a  sufficient  stability.    In  the  degradation  of 
their  condition  and  manner  of  life,  the  savages  of  New  Holland  fully 
equal  the  Bushmen  of  South  Africa ;  and  it  is  scarcely  possible  to  imagine 
human  beings  existing  in  a  condition  more  nearly  resembling  that  of 
brutes.    But  there  is  reason  to  believe,  that  the  tribes  in  closest  contact 
with  European  settlers  are  more  miserable  and  savage  than  those  of  the 
interior  ;  and  even  with  respect  to  these,  increasing  acquaintance  with 
their  language,  and  a  consequent  improved  insight  into  their  modes  of 
thought,  tend  to  raise  the  very  low  estimate  which  has  been  formed  and 
long  maintained,  in  regard  to  their  extreme  mental  degradation.  The 
latest  and  most  authentic  statements  enable  us  to  recognize  among  them 
the  same  principles  of  a  moral  and  intellectual  nature,  which,  in  more 
cultivated  tribes,  constitute  the  highest  endowments  of  humanity  ;  and 
thus  to  show  that  they  are  not  separated  by  any  impassable  barrier,  from 
the  most  civilized  and  elevated  nations  of  the  globe. — There  are  many 
indications,  indeed,  that  the  Negrito  race  is  not  so  radically  distinct  from 
the  Malayo-Polynesian,  as  the  marked  physical  dissimilarity  of  their 
respective  types,  and  the  apparent  want  of  conformity  between  their 
languages,  would  make  it  appear.    For  as,  on  the  one  hand,  some  of  the 
subdivisions  of  the  latter  present  a  decided  tendency  towards  that. prog- 
nathous character  and  depth  of  complexion  which  are  typical  of  the 
former,  so  among  the  former  do  we  not  unfrequently  meet  with  a  lighter 
shade  of  skin,  a  greater  symmetry  of  skull,  and  a  considerable  improve- 
ment in  form  and  feature.    And  although  no  very  close  relationship  can 
be  discovered  between  the  Negrito  and  Malayo-Polynesian  languages, 
yet  it  has  been  pointed-out  by  Mr.  N orris  that  a  much  more  decided 
relationship  exists  between  the  Australian  and  Tamulian  (§  861);  and 
remote  as  this  connection  seems,  the  circumstance  adds  weight  to  the 
idea,  that  the  native  Australians  (with  other  Negrito  tribes)  are  an  off- 
set from  that  southern  branch  of  the  great  nomadic  stock  of  Central 
Asia,  which  seems  early  to  have  spread  itself  through  the  Indo-Chinese 
and  the  Indian  Peninsulas,  and  to  have  even  there  shown  an  approxima- 
tion to  the  prognathous  type. 

870.  Looking,  then,  to  the  great  diversity  which  exists  among  the  sub- 
ordinate groups  of  which  both  these  divisions  consist,  and  their  tendency 
to  mutual  approximation,  it  cannot  be  shown  that  any  sufficient  reason 
exists  for  isolating  them  from  each  other ;  and,  as  already  remarked 
(§  868),  there  seems  no  medium  between  the  supposition  that  each 
island  had  its  aboriginal  pair  or  pairs,  and  the  doctrine  that  the  ^yho  e 
of  Oceania  has  been  peopled  from  a  common  stock.  Looking,  again,  o 
the  very  decided  approximation  which  is  presented  by  certain  Oceanic 
tribes  to  the  Mongolian  type,  and  this  in  localities  which,  on  other 
grounds,  might  be  regarded  as  having  received  the  first  stream  of  migi  a 
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I  tion,  the  possibility,  to  say  the  least,  can  scarcely  be  denied,  that  the 
main-land  furnished  the  original  stock,  which  has  undergone  various 
transformations  subsequently  to  its  first  dispersion;  these  having  been 
Bthe  result  of  climatic  influence  and  mode  of  life,  and  having  been  chiefly 
I  influenced  as  to  degree  by  the  length  of  time  during  which  the  trans- 
|  forming  causes  have  been  in  operation.  At  any  rate  it  may  be  safely 
k  iffirmed,  that  the  Oceanic  races  are  not  entitled  by  any  distinctive 
|  physical  peculiarity,  to  rank  as  a  group  which  must  have  necessarily  had 
l:m  original  stock  distinct  from  that  of  the  Continental  nations. 


CHAPTER  XX. 

OF  THE  MODES  OF  VITAL  ACTIVITY  CHARACTERISTIC  OF 

DIFFERENT  AGES. 

871.  Although  from  the  time  when  the  Human  being  comes  into  the 
orld,  to  the  final  cessation  of  his  corporeal  existence,  the  various  func- 
onal  operations  of  Organic  life  are  carried-on  with  ceaseless  activity, 
hilst  those  of  Animal  life  are  only  suspended  by  the  intervals  of  repose 
hich  are  needed  for  the  renovation  of  their  organs,  yet  there  are  very 
arked  differences,  not  only  in  the  degree  of  their  united  activity ;  but  also 
the  relative  degrees  of  energy  which  they  severally  manifest,  at  different 
ochs.  These  differences,  taken  in  connection  with  the  modifications  in 
>s  size  and  conformation  of  the  body  with  which  they  are  in  relation, 
irk-out  the  whole  term  of  life  into  the  various  '  Ages,'  which  are  corn- 
only  recognized  as  seven,  namely,  Infancy,  Childhood,  Youth,  Adoles- 
l.ice,  Manhood,  Decline,  and  Senility.  For  Physiological  purposes,  how- 
er,  a  less  minute  subdivision  is  equally  or  perhaps  more  appropriate  ; 
poaely,  the  three  great  periods  of  Growth  and,  Development,  oi  Maturity, 
111  of  Decline.  The  first  comprehends  the  whole  of  that  series  of  opera - 
t  ns,  by  which  the  germ  evolves  itself  at  the  expense  of  the  nutriment 
;  ich  it  appropriates  from  external  sources,  into  the  complete  organism, 
|>!sessed  not  merely  of  its  full  dimensions,  but  of  its  highest  capacity  for 
pry  kind  of  functional  activity ;  this  includes,  therefore,  the  epochs  of 
I  ibryonic  life,  Infancy,  Childhood,  Youth,  and  Adolescence,  all  of  which 
I  characterized  by  an  excess  of  the  constructive  over  the  destructive 
I  nges  taking-place  in  the  organism.    The  second  period  ranges  over 
I  whole  term  of  Manhood,  in  which  the  organism,  having  attained  its 
\  lplete  development,  is  brought  into  vigorous  and  sustained  activity ; 
in  which  it  is  maintained  in  a  condition  fitted  for  such  activity,  by 
equilibrium  which  subsists  between  the  operations  of  redintegration 
I  of  disintegration.    The  third  period  commences  with  the  incipient 
ire  of  the  bodily  powers,  consequent  upon  the  diminished  activity  of 
I  constructive  powers,  as  compared  with  that  of  the  changes  which 
1  >lve  degeneration  and  decay ;  this  diminution  begins  to  manifest  itself 
(ling  the  latter  part  of  Middle  Life,  before  Old  age  can  properly  be  said 
U  omnience  ;  and  it  continues  in  an  increasing  ratio  through  the  whole 
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'  decline  of  life,'  until,  the  reparative  powers  being  exhausted,  Death 
supervenes  as  the  necessary  termination  of  that  long  succession  of  phe- 
nomena of  which  Life  consists. 

872.  Although  the  organization  of  the  body  at  each  epoch  may  be 
truly  said  to  be  the  resultant  of  all  the  material  changes  which  it  has 
undergone  during  the  preceding  periods,  yet  it  is  scarcely  possible  to 
take  an  enlarged  view  of  the  case,  without  perceiving  that  we  must  look 
for  the  cause  of  this  succession  in  those  dynamical  conditions,  the  pre- 
sence of  which  is  the  distinguishing  attribute  of  living  structures. 
Every  constructive  act,  whether  this  consist  in  Growth  (§  329)  or  in 
Development  (§  330),  not  merely  requires  materials  for  the  new  tissue 
produced,  but  depends  upon  the  active  operation  of  a  formative  power, 
■without  whose  agency  these  materials  would  remain  unorganized.  In 
our  examination  into  the  source  of  the  formative  power  which  we  see 
thus  operating  in  every  individual  organism  (chap,  i.),  we  found  it 
traceable  to  the  Physical  Forces  to  which  it  is  subjected  (Heat  being 
the  one  which  seems  to  bear  most  directly  upon  the  formative  opera- 
tions) ;  these  forces  being  metamorphosed,  so  to  speak,  into  the  construc- 
tive force  of  the  living  body,  in  virtue  of  the  peculiar  endowments  of  its 
material  substratum, — just  as  an  Electric  current  transmitted  through 
the  different  nerves  of  Sense,  produces  the  sensory  impressions  which  are 
characteristic  of  each  respectively  (§  559) ;  or  as  the  same  current,  trans- 
mitted through  one  form  of  Inorganic  matter,  produces  Light  and  Heat, 
through  another,  Chemical  Change,  or  through  another,  Magnetism. 
But  we  must  also  recognize  in  the  Organism  at  large,  as  well  as  in  every 
integral  part  of  it  (§  328),  a  certain  capacity  for  growth  and  develop- 
ment,— which  is  the  original  endowment  of  its  germ, — which  not  only 
determines  the  mode  in  which  it  shall  progressively  evolve  itself  into 
the  fabric  characteristic  of  its  species  and  sex,  but  also  shapes  the  pecu- 
liarities of  the  individual, — which  serves  also  to  bring-about  the  per- 
petual reconstruction  that  is  needed  for  its  continued  maintenance,  and 
is  peculiarly  manifested  in  those  reparative  processes  which  make-good 
losses  of  its  substance  resulting  from  injury  or  disease, — and  of  which  the 
cessation,  by  preventing  any  further  metamorphoses  of  Physical  into 
Vital  force,  causes  the  constructive  powers  to  fail  altogether,  so  that  the 
Organism  is  resolved-back  by  these  very  forces  into  the  various  forms 
of  Inorganic  matter  at  the  expense  of  which  it  had  been  built-up. 

873.  Now  this  '  germinal  capacity'  is  most  strikingly  displayed  during 
those  earliest  periods  of  existence,  in  which  growth  and  development 
alike  are  taking-place  most  rapidly  ;  in  fact,  the  further  Ave  go  back  in 
the  history  of  intra-uterine  life,  the  more  energetic  do  we  perceive  its 
manifestations  to  be.  For  when  we  look  simply  at  the  increase  from  the 
minute  point  that  constitutes  the  first  perceptible  germ,  to  the  mature 
foetus  of  6  or  7  lbs.  weight,  we  see  that  at  no  other  period  of  existence 
can  that  increase  be  compared  in  its  rate,  with  that  which  presents  itsei 
during  the  nine  months  that  follow  conception ;  and  if  we  go  more  in 
detail,  we  find  that  it  is  yet  more  remarkable  in  the  earlier  than  in  t 
later  months  (§  875).    So,  again,  it  is  in  the  first  few  weeks  of  embryo 
life,  that  the  foundation  is  laid  of  most  of  its  permanent  organs,  in  t 
midst  of  an  apparently-homogeneous  mass  of  cells  ;  whilst  in  the ■ suc? 
ing  weeks,  these  rudiments  are  evolved  into  the  semblance  oi  the  io 
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they  are  subsequently  to  present,  and  a  differentiation  of  tissues  begins  to 
show  itself  in  their  several  parts ;  so  that  the  developmental  process  is  so 
far  advanced  at  little  more  than  half  the  term  of  gestation,  that  the 
foetus  may  even  then,  under  favourable  circumstances,  maintain  an  inde- 
pendent existence  (§  772).  The  rate  of  increase  becomes  progressively 
slower  during  the  advance  from  infancy  to  maturity  ;  and  the  energy  of 
the  developmental  process  is  comparatively  enfeebled,  being  limited  to 
the  perfecting  of  structures  whose  foundations  had  been  previously  laid, 
and  in  no  instance  manifesting  itself  normally  in  the  evolution  of  a  new 
part  or  organ.  Now  as  there  is  no  limit  (in  the  well-nourished  indi- 
vidual) to  the  supply  of  Food  and  Warmth,  it  follows  that  this  gradual 
decline  of  formative  activity  must  be  due  to  a  diminution  of  the  capacity 
for  that  activity,  inherent  in  the  organism  itself ;  and  this  diminution  is 
still  more  strongly  marked  by  that  entire  cessation,  both  of  increase,  and 
of  further  developmental  changes,  which  constitutes  the  termination  of 
the  first  period.  For  the  organism  which  has  attained  that  stage  of  its 
existence,  has  so  far  lost  the  formative  capacity  which  characterized  its 
earlier  years,  that,  however  copious  the  supply  of  food,  however  abundant 
the  generation  of  heat,  it  can  thenceforth  do  no  more  than  maintain  its 
normal  condition,  and  can  effect  this  for  only  a  limited  term  of  years. 
It  seems  a  necessary  sequence  of  this  series  of  phenomena,  that  the  time 
should  come,  when,  after  a  period  of  gradual  decline,  the  germinal 
capacity  of  the  organism  should  be  so  much  reduced  as  no  longer  to  suffice 
for  the  maintenance  of  its  own  integrity ;  and  whenever  such  is  the  case, 
the  termination  of  its  existence  as  a  living  body  must  be  the  necessary 
result.  Hence  we  find  that  there  is  a  natural  limit,  not  only  to  the  size 
and  development  of  the  organism,  but  also  to  the  duration  of  its  life. 
And  although  that  limit,  in  each  case,  is  subject  to  variation  amongst 
individuals,  partly  in  consequence  of  diversity  of  external  conditions,  but 
partly  (it  may  be  surmised)  through  differences  in  the  measure  of  ger- 
minal capacity  possessed  by  each,  yet  there  is  a  limit  also  to  these  varia- 
tions, so  that  the  character  of  the  species  is  never  departed- from. 

874.  Period  of  Growth  and  Development. — The  general  history  of  the 
first  part  of  this  period,  that  of  Embryonic  existence,  has  already  been  so 
fully  given,  that  it  is  only  necessary  here  to  remark  briefly  in  regard  to 
the  character  of  its  vital  operations,  that  the  whole  nisus  of  its  activity  is 
directed  rather  to  the  performance  of  the  vegetative  or  organic  than  to  that 
of  the  animal  functions ;  the  action  of  the  heart,  and  the  occasional  reflex 
movements  of  the  limbs,  being  its  only  manifestations  of  nervo-muscular 
power.  And  thus  it  seems  to  be  that  the  formative  capacity  is  greater 
during  embryonic  life,  than  at  any  subsequent  period,  and  greater  m  its 
earlier  than  in  its  later  stages  ;  so  that  we  have  not  only  evidence  of  an 
extraordinary  power  of  regenerating  parts  which  have  been  lost  by  disease 
or  accident,  as  seen  in  attempts  at  the  reproduction  of  entire  limbs  after 
their  'spontaneous  amputation'  (§301);  but  there  is  also  not  infre- 
quently an  absolute  excess  of  productive  power,  as  shown  m  the  develop- 
ment of  supernumerary  organs,  which  may  even  proceed  to  the  extent 
of  the  complete  duplication  of  the  entire  body,  by  the  early  subdivision 
of  the  embryonic  structure  into  two  independent  halves  (§  857).— It  is 
to  be  noticed,  also,  that  the  embryo  derives  its  supply  not  merely  of  food 
but  also  of  heat,  from  its  maternal  parent;  and  it  is  probably  owing 
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especially  to  the  constancy  with  which  this  force  operates,  that  the  period 
of  embryonic  development  is  so  uniform  in  Man  (as  in  warm-blooded 
Animals  generally),  by  comparison  with  the  corresponding  developmental 
periods  in  Plants  and  cold-blooded  Animals,  these  being  entirely  deter- 
mined by  the  degree  of  heat  to  which  the  embryoes  are  subjected. 

875.  It  is  frequently  of  great  importance,  both  to  the  Practitioner  and 
to  the  Medical  Jurist,  to  be  able  to  determine  the  age  of  a  Foetus  from 
the  physical  characters  which  it  presents;  and  the  following  table  has 
been  framed  by  Devergie*  in  order  to  facilitate  such  determination.  It  is 
to  be  remarked,  however,  that  the  absolute  length  and  weight  of  the 
Embryo  are  much  less  safe  criteria  than  its  degree  of  development,  as  in- 
dicated by  the  relative  evolution  of  the  several  parts  which  make  their 
appearance  successively.  Thus  it  is  very  possible  for  one  child  born  at 
the  full  time,  to  weigh  less  than  another  born  at  8  or  even  at  7  months ; 
its  length,  too,  may  be  inferior  :  and  even  the  position  of  the  middle  point 
of  the  body  is  not,  taken  alone,  a  safe  criterion,  since  it  is  liable  to  varia- 
tion in  individuals. "j" 

Embryo  3  to  4  weeks. — It  has  the  form  of  a  serpent ; — its  length  from  3  to  5 lines; — 
its  head  indicated  by  a  swelling; — its  caudal  extremity  (in  which  is  seen  a  white  line, 
indicating  the  continuation  of  the  medulla  spinalis),  slender,  and  terminating  in  the 
umbilical  cord ; — the  mouth  indicated  by  a  cleft,  the  eyes  by  two  black  points ; — mem- 
bers begin  to  appear  as  nipple-liko  protuberances; — liver  occupies  the  whole  abdomen; 
— the  bladder  is  very  large  ; — the  chorion  is  villous,  but  its  villosities  are  still  diffused 
over  the  whole  surface. 

Embryo  of  6  weeks. — Tts  length  from  7  to  ]  0  lines  ; — its  weight  from  40  to  75  grains; 
— face  distinct  from  cranium;— aperture  of  nose,  mouth,  eyes,  and  ears  perceptible;— 
head  distinct  from  thorax ; — hands  and  fore-arms  in  the  middle  of  the  length :  fingers 
distinct ; — legs  and  feet  situated  near  the  anus  ; — clavicle  and  maxillary  bone  present  a 
point  of  ossification ; — distinct  umbilicus  for  attachment  of  cord,  which  at  that  time 
consists  of  the  omphalo-meseraic  vessels,  of  a  portion  of  the  urachus,  of  a  part  of  the 
intestinal  tube,  and  of  filaments  which  represent  the  umbilical  vessels; — the  placenta 
begins  to  be  formed; — the  chorion  still  separated  from  the  amnion; — the  umbilical 
vesicle  very  large. 

Embryo  of  2  months. — Length  from  16  to  19  lines ;— weight  from  150  to  300 
grains ; — elbows  and  arms  detached  from  the  trunk  ;— heels  and  knees  also  isolated;— 
rudiments  of  the  nose  and  of  the  lips  ;  palpebral  circle  beginning  to  show  itself; — clitoris 
or  penis  apparent; — anus  marked  by  a"  dark  spot ; — rudiments  of  lungs,  spleen,  and  supra- 
renal capsules  ; — crecum  placed  behind  the  umbilicus  ; — digestive  canal  withdrawn  into 
the  abdomen  ; — urachus  visible  ; — osseous  points  in  the  frontal  bone  and  in  the  r'l*;i~~ 
chorion  commencing  to  touch  the  amnion  at  the  point  opposite  the  insertion  of  the 
placenta  ; — placenta  begins  to  assume  its  regular  form  ; — umbilical  vessels  commence 
twisting.  . 

Embryo  of  3  months. — Length  from 2 to  1\ inches ; — weight  from  1  oz.to \\ oz.Uroy; 
— head  voluminous  ; — eyelids  in  contact  by  their  free  margin  ; — membrana  pupularis 
visible  ; — mouth  closed ; — fingers  completely  separated  ; — inferior  extremities  of  greater 
length  than  rudimentary  tail ; — clitoris  and  penis  very  long  ; — thymus  as  well  as  SUP** 


tact ;— funis  contains  umbilical  vessels  and  a  little  of  the  gelatine  ot     i     °"  'jc 
placenta  completely  isolated ;— umbilical  vesicle,  allantois,  and  omphalo-mescra 
vessels  have  disappeared.  .  t  ]e. 

Foztus  of  4  months.— -Length  5  to  6  inches  ;— weight  2^  to  3  oz. ;— skin  rosy^  i 
rably  dense ;— mouth  very  large  and  open  ;— membrana  pupillaris  very  evident , 

*  "  Medecine  Ldgale,"  3ieme  e"dit.  torn.  i.  p.  279.  .  p  A. 

+  See,  on  this  last  point,  Moreau  in  "  Lancette  Francaise,"  1837  ;  ana  i 
Taylor  in  "Guy's  Hospital  Reports,"  1842. 
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begin  to  appear  ;— genital  organs  and  sex  distinct ;— caecum  placed  near  the  right 

kidney  ; — gall-bladder  appearing  ;—meconium  in  duodenum  ; — caecal  valve  visible  ;  

umbilicus  placed  near  pubis; — ossicula  auditoria  ossified; — points  of  ossification 'in 
Buperior  part  of  sacrum  ; — membrane  forming  at  point  of  insertion  of  placenta  on 
uterus  ; — complete  contact  of  cborion  with  amnion. 

•  Fcetus  of  5  months. — Length  6  to  7  inches  ; — weight  5  to  7  oz. ; — volume  of  head  still 
comparatively  great ; — nails  very  distinct  ; — hair  beginning  to  appear  ; — skin  without 
sebaceous  covering  ; — white  substance  in  cerebellum  ; — heart  and  kidneys  very  volu- 
minous ; — caecum  situated  at  inferior  part  of  right  kidney  ; — gall-bladder  distinct ; — 
|  germs  of  permanent  teeth  appear  ; — points  of  ossification  in  pubis  and  calcaneum  ; — 
meconium  has  a  yellowish  green  tint,  and  occupies  commencement  of  large  intestine. 
Fcetus  of  6  months. — Length  9  to  10  inches; — weight  1  lb.;  skin  presents  some 
a  appearance  of  fibrous  structure  ; — eyelids  still  agglutinated,  and  membrana  pupillaris 
remains  : — sacculi  begin  to  appear  in  colon  ; — funis  inserted  a  little  above  pubis  ; — face 
of  a  purplish  red  ; — hair  white  or  silvery  ; — sebaceous  covering  begins  to  present  itself ; 
— meconium  in  large  intestine; — liver  dark-red; — gall-bladder  contains  serous  fluid 
^destitute  of  bitterness  ; — testes  near  kidneys  ; — points  of  ossification  in  four  divisions 
of  sternum  ; — middle  point  at  lower  end  of  sternum. 

Fcetus  of  '7  months. — Length  13  to  15  inches  ; — weight  3  to  4  lbs.  ; — skin  of  rosy 
!  hue,  thick,  and  fibrous  ;  — sebaceous  covering  begins  to  appear  ; — nails  do  not  yet  reach 
extremities  of  fingers  ; — eyelids  no  longer  adberent  ; — membrana  pupillaris  disappear- 
ing ; — -a  point  of  ossification  in  the  astragalus  ; — meconium  occupies  nearly  tbe  whole  of 
darge  intestine  ; — valvulae  conniventes  begin  to  appear ; — caecum  placed  in  right  iliac 
tfossa; — left  lobe  of  liver  almost  as  large  as  right; — gall-bladder  contains  bile; — brain 
possesses  more  consistency  ; — testicles  more  distant  from  kidneys  ; — middle  point  at  a 
ittle  below  end  of  sternum. 

Fetus  of  8  months. — Length  14  to  16  inches  ; — weight  4  or  5  lbs. ; — skin  covered 
nth  well-marked  sebaceous  envelope  ; — nails  reach  extremities  of  fingers  ; — membrana 
mpillaris  becomes  invisible  during  this  month  ; — a  point  of  ossification  in  last  vertebra 
:«f  sacrum  ; — cartilage  of  inferior  extremity  of  femur  presents  no  centre  of  ossification  ; 
— -brain  has  some  indications  of  convolutions  ; — testicles  descend  into  internal  ring  ; — 
nMdle  point  nearer  the  umbilicus  than  the  sternum. 
Faztus  of  9  months,  the  full  term. — Length  from  17  to  21  inches  ; — weight  from  5  to 
lbs.,  the  average  probably  about  6£  lbs. ; — head  covered  with  hair  in  greater  or  less 
nuantity,  of  from  9  to  12  lines  in  length; — skin  covered  with  sebaceous  matter,  espe- 
|  ially  at  bends  of  joints ; — membrana  pupillaris  no  longer  exists;  external  auditory 
itus  still  cartilaginous  ; — four  portions  of  occipital  bone  remain  distinct ; — or  hyoides 
yet  ossified; — point  of  ossification  in  the  centre  of  cartilage  at  lower  extremity  of 
lur ; — white  and  grey  substances  of  brain  become  distinct  ; — liver  descends  to  um- 
cus  ; — testes  have  passed  inguinal  ring,  and  are  frequently  found  in  the  scrotum  ; — 
leconium  at  termination  of  large  intestine  ; — middle  point  of  body  at  umbilicus,  or  a 
ttle  below  it. 

876.  From  the  time  of  its  entrance  into  the  world,  the  condition  of  the 
uiman  infant  is  essentially  changed.    It  is  no  longer  supplied  with 
triment  by  the  direct  transmission  of  organizable  materials  from  the 
diluting  fluid  of  the  mother  to  its  own ;  but  obtains  it  by  the  processes 
f  digestion,  absorption,  and  assimilation,  which  involve  the  establishment 
f  new  modes  of  vital  activity  in  its  own  organism.    In  order,  however, 
|i  the  change  may  not  be  too  sudden,  the  nutriment  provided  by 
bure  for  the  early  period  of  infantile  life,  is  such  as  to  occasion  the  least 
Kble  demand  upon  its  vital  powers,  for  the  preparation  of  the  organe- 
lle material  which  is  required  for  its  further  growth  and  development, 
ut  the  transition  is  a  most  important  one  in  another  particular ;  the 
ifant  is  now  thrown  in  a  great  degree  upon  its  own  resources  for  the 
meration  of  its  Heat ;  and  this  it  is  enabled  to  accomplish  by  the  com- 
•istion  of  a  portion  of  its  food  which  is  specially  provided  for  the 
arpose,  this  combustion  being  promoted  by  the  arrangements  for  that 
'tive  Respiration,  which  now  supersedes  the  very  limited  aeration  of  its 
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circulating  fluids  that  was  sufficient  during  foetal  life.  In  the  movements 
of  the  respiratory  muscles  and  of  the  walls  of  the  alimentary  canal,  we 
have  a  new  source  of  expenditure  of  vital  force,  and  of  destruction  of 
tissue ;  and  this  expenditure  is  progressively  augmented,  as  the  motions 
of  the  body  and  limbs  become  increasingly  active.  Thus  we  find  that 
the  formative  poAvers  are  not  exercised  during  Infancy  and  Childhood, 
solely  in  the  construction  and  augmentation  of  the  fabric  (as  they  were 
during  embryonic  life),  since  there  is  a  constant  demand  upon  them  for  its 
maintenance  :  and  this  demand  becomes  greater  and  greater,  in  propor- 
tion to  the  activity  of  the  Animal  powers.  These,  at  first  called  into 
exercise  by  the  stimulus  of  sensory  impressions  upon  the  Nervous 
system,  are  speedily  brought  into  very  energetic  operation.  This  ope- 
ration is  of  an  extremely  limited  character,  being  at  first  purely  -sen- 
sorial, and  for  some  time  afterwards  simply  perceptive.  But  the  whole 
Mind  (such  as  it  is)  being  given-up  to  it,  habits  of  observation  are 
formed,  which  are  never  subsequently  lost ;  the  infant  learns  how  to  use 
his  Organs  of  Sense;  and  he  also  acquires  those  powers  of  interpreting 
their  indications,  which  become  so  completely  engrafted  into  his  nature, 
as  henceforth  to  seem  a  part  of  it.  Although  this  Education  of  the  Senses 
will  necessarily  go-on,  even  without  any  intentional  assistance  on  the  part 
of  others,  yet  it  is  in  the  power  of  the  Mother  or  Nurse  to  promote  it 
effectually,  by  supplying  objects  of  various  kinds  which  the  Infant  may 
look-at  and  grasp,  and  by  not  abruptly  interfering  (by  the  too-speedy 
withdrawal  of  such  objects)  with  the  process  by  which  the  visual  and 
tactile  perceptions  are  blended  and  harmonized  (§  624). — The  Nervous 
system  of  the  Infant,  although  thus  called  into  extraordinarily- energetic 
activity,  cannot  long  sustain  that  activity  ;  a  very  large  measure  of  Sleep 
is  required  for  the  restoration  of  its  speedily-exhausted  powers ;  and  any 
unusual  excitement  of  them  tends  to  injurious  disturbances  of  its  nutri- 
tion. It  is  owing  to  this  peculiar  susceptibility  of  the  Nervous  system  of 
the  infant  to  external  influences,  that  medicines  (especially  narcotics) 
which  exert  a  special  influence  upon  that  system,  are  so  peculiarly  potent 
in  their  effects  at  this  period  of  life,  that  the  greatest  caution  is  needed 
in  their  administration. 

877.  The  most  important  developmental  change  which  occurs  in 
Infancy,  after  the  complete  establishment  of  the  extra-uterine  circulation 
(§  793),  is  the  completion  and  eruption  of  the  first  set  of  Teeth ;  the 
greater  part  of  whose  formation,  however,  has  taken-place  before  birth. 
These 'milk'  or  'deciduous'  teeth,  20  in  number,  usually  make  their 
appearance  in  the  following  order  : — The  four  central  Incisors  first  preseiu- 
themselves,  usually  about  the  7th  month  after  birth,  but  frequently  much 
earlier  or  later ;  those  of  the  lower  jaw  appear  first.  The  lateral  Incisors 
next  show  themselves,  those  of  the  lower  jaw  coming-through  before  those 
of  the  upper ;  they  usually  make  their  appearance  between  the  7th  an 
10th  months.  After  a  short  interval,  the  anterior  Molars  present  them- 
selves, generally  soon  after  the  termination  of  the  12th  month  ;  and  these 
are  followed  by  the  Canines,  which  usually  protrude  themselves  between 
the  14th  and  20th  months.  The  posterior  Molars  are  the  last,  and  m 
most  uncertain  in  regard  to  their  time  of  appearance  ;  this  varying  ro 
the  18th  to  the  36th  month.  In  regard  to  all  except  the  front  teeth,  ther^ 
is  no  settled  rule  as  to  the  priority  of  appearance  of  those  in  the  upper 
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under  jaw;  sometimes  one  precedes,  and  sometimes  the  other;  but  in 
general  it  may  be  stated  that  whenever  one  makes  its  appearance,  the 
other  cannot  be  far  off.    The  same  holds-good  in  regard  to  the  two  sides, 
in  which  development  does  not  always  proceed  exactly  pari  passu. — The 
period  of  Dentition  is  sometimes  one  of  considerable  risk  to  the  Infant  s 
life  5  and  this  especially  when  an  irritable  state  of  the  nervous  system  has 
been  brought-about  by  unsuitable  food,  unwholesome  air,  or  some  other 
cause  of  disordered  health.    In  such  cases,  the  pressure  upon  the  nerves 
of  the  gum,  which  necessarily  precedes  the  opening  of  the  sac  and  the 
eruption  of  the  tooth,  is  a  fruitful  source  of  irritation ;  producing  dis- 
turbance of  the  whole  system,  and  giving  origin  to  Convulsive  affections 
which  are  not  unfrequently  fatal.    These  have  been  particularly  studied 
by  Dr.  M.  Hall,  who  recommends  the  free  use  of  the  gum-lancet,  as  a 
most  important  means  of  prevention  and  cure  ;  but  the  Author  has  no 
doubt  that  too  much  attention  has  been  given  to  the  immediate  source  of 
the  irritation,  and  too  little  to  the  general  state  of  the  system  ;  and  that 
constitutional  treatment,  especially  change  of  air,  and  improvement  of  the 
diet,  is  of  fundamental  importance.    In  infants  whose  general  health  is 
good,  and  who  are  not  over-fed,  Dentition  is  usually  a  source  of  but  very 
tritling  disturbance  ;  a  slight  febrile  action,  lasting  only  for  a  day  or  two, 
being  all  that  marks  the  passage  of  the  tooth  through  the  capsule ;  and  its 
eruption  through  the  gum  taking-place  without  the  least  indication  of 
suffering  or  disorder.   Any  existing  malady  or  abnormal  tendency,  how- 
ever, is  pretty  sure  to  be  aggravated  during  the  '  cutting  of  the  teeth ;' 
and  it  is  therefore  of  the  greatest  consequence,  that  the  infant  should  be 
withdrawn  during  this  period  from  all  injurious  influences  ;  and  that  no 
iregularity  of  diet,  or  deficiency  of  fresh  air  and  exercise,  should  operate 
to  its  disadvantage. 

878.  Although  there  are  no  well-marked  divisions  between  the  periods 
of  Childhood,  Youth,  and  Adolescence,  through  all  of  which  we  witness 
the  continuance  of  the  processes  of  Growth  and  Development  (though  in 
a  gradually-decreasing  ratio),  yet  we  may  appropriately  distinguish  each 
as  the  epoch  of  one  of  those  important  changes  which  tend  towards  the 
completion  of  the  fabric  ;  namely,  Childhood  as  ranging  through  the 

.  greater  part  of  the  period  of  the  second  Dentition, — Youth  as  characterized 
by  that  increased  evolution  of  the  sexual  organs,  and  by  those  general  con- 
stitutional changes  accompanying  that  evolution,  which  altogether  consti- 
tute Puberty, — and  Adolescence  as  distinguished  by  that  entire  consolida- 
tion of  the  Osseous  skeleton,  which  is  not  completed  until  the  full  stature 
I  has  been  attained.  It  will  be  convenient  first  to  consider  what  is  common 
t  to  all  these  periods ;  and  then  to  notice  the  features  by  which  they  are 
severally  characterized. 

879.  The  passage  from  Infancy  to  Childhood  may  be  regarded  as 

i  marked  by  the  eruption  of  the  £  deciduous'  Teeth  ;  by  the  termination  of 
that  direct  supply  of  food  to  the  offspring,  which  is  afforded  until  then 
by  the  Mammary  secretion  of  the  mother  ;  by  the  dawn  of  the  Intellectual 
powers,  manifested  in  the  first  efforts  at  speaking;  and  by  the  acquirement 
of  sufficient  control  over  the  muscular  apparatus,  to  render  it  subservient 
to  the  increasing  desire  which  then  displays  itself  for  independent  Loco- 
motion.   All  these  advances  usually  take  place  simultaneously,  or  nearly 

i  so,  during  some  part  of  the  second  year  ;  some  Infants  being  much  more 
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forward  than  others,  both  in  '  cutting  their  teeth'  and  in  learning  to  walk 
and  to  talk.    When  they  have  been  completed,  the  Child  enters  upon  a 
life  which  is  in  many  respects  new.    The  alteration  of  its  diet  involves  a 
much  higher  activity  of  all  the  organs  which  are  concerned  in  making 
blood ;  whilst  its  greatly-increased  amount  of  exertion,  both  of  body  and 
mind,  gives  occasion  to  a  more  rapid  disintegration  of  the  nervous  and 
muscular  tissues,  and  hence  to  a  higher  activity  of  the  Excretory  organs. 
This  will,  of  course,  progressively  augment,  in  proportion  as  the  Nervo- 
muscular  apparatus  is  brought,  with  advancing  years,  into  more  vigorous 
and  more  prolonged  exercise  ;  until,  with  the  attainment  of  adult  age,  the 
disintegration  of  these  tissues  comes  to  be  the  chief  source  of  the  Excre- 
mentitious  products.    But  during  the  whole  period  of  increase,  there  is 
another  source  of  demand  for  nutritive  activity,  in  that  perpetual  re-con- 
stinction  of  the  fabric  (involving  a  sort  of  continual  pulling-down  and 
rebuilding  on  a  larger  scale,  all  the  old  materials  being  carried-away  as 
useless)  which  is  a  necessary  condition  of  its  growth  :  but  this  demand  of 
course  slackens  with  the  diminution  of  the  rate  of  increase  ;  and  at  last  it 
ceases  altogether,  just  when  the  other  attains  its  maximum.    Hence  the 
demand  for  food,  on  the  one  hand,  and  the  amount  of  excretory  matter 
set-free  from  the  body,  on  the  other,  are  remarkably  large  during  the 
whole  of  this  period  :  the  child,  as  every  one  knows,  consuming  far  more 
nutriment  than  the  adult,  in  proportion  to  the  weight  of  their  respective 
bodies  ;  and  the  like  being  true  of  the  quantity  of  carbonic  acid  exhaled 
from  the  lungs  (§  308,  iii.),  and  of  the  urea  given-off  from  the  kidneys 
(§  409). — That  the  germinal  capacity,  though  inferior  to  that  of  the 
embryo,  still  persists  in  a  high  degree  during  the  period  of  childhood  and 
youth,  is  shown  in  the  readiness  with  which  the  effects  of  injuries  and 
disease  are  recovered-from ;  for  although  the  regeneration  of  lost  parts 
does  not  take-place  to  nearly  the  same  extent  as  during  early  embryonic 
life,  yet  up  to  a  certain  point  it  is  effected  with  great  completeness,  and 
with  much  greater  rapidity  than  at  later  epochs.   It  is  still,  in  fact,  rather 
in  the  exercise  of  formative  power,  than  in  the  production  of  nervo- 
muscular  vigour,  that  the  vital  force  of  the  earlier  part  of  this  period  is 
displayed;  and  we  may  readily  trace  such  a  relation  of  reciprocity 
between  these  two  modes  of  its  manifestation,  as  is  strongly  indicative  of 
the  community  of  their  source.    For  it  is  familiar  to  every  observer,  that, 
when  the  growth  of  a  child  or  a  young  person  is  peculiarly  quick,  his 
nervo-muscular  energy  is  usually  feeble,  and  his  power  of  endurance 
brief,  in  comparison  with  that  which  can  be  put-forth  by  one  whose 
frame  is  undergoing  less  rapid  increase.    And  we  observe,  moreover, 
that  the  capacity  of  resistance  to  depressing  influences  of  various  kinds, 
which  is  a  no  less  decided  manifestation  of  the  vital  power  of  the 
organism  (seeing  that  these  influences  are  of  such  a  kind  as  to  tend 
towurds  its  death),  is  possessed  by  the  latter  in  a  far  higher  degree  than 
by  the  former.    This  is  remarkably  the  case  in  regard  to  privation  o 
food  and  depression  of  external  temperature ;  under  which,  too,  children 
and  young  persons  succumb  much  more  speedily  than  adults. 

880.  It  is  most  interesting  to  trace,  during  the  progress  of  the  deve^f~ 
ment  of  the  bodily  fabric,  the  gradual  expansion  and  invigoration  oi  t 
Mental  powers.    The  acquirement  of  Language  constitutes  the  most  n 
portant  step  in  the  development  of  the  ideational  consciousness  ;  ana 
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easy  to  recognize  in  the  psychical  manifestations  of  Children,  the  further 
progress  of  that  development.    The  formation  of  Associations  between 
ideas  takes-place  with  extraordinary  readiness  and  tenacity  during  the 
earliest  period  of  childhood ;  and  these  exercise  so  much  influence  over 
the  succession  of  the  thoughts  during  the  whole  remainder  of  life,  that 
:<  the  force  of  early  associations"  has  become  proverbial.    Out  of  these 
(.•associations  arise,  on  the  one  hand,  Memory  and  Imagination ;  on  the 
other  hand,  those  simple  processes  of  Eeasoning  which  are  necessary  to 
he  development  of  a  higher  class  of  ideas.    Thus  the  mind  passes  from 
[  .hose  primary  notions  of  individual  objects  which  are  directly  suggested 
)y  sense-perceptions,  to  those  abstract  ideas  of  their  qualities,  which 
naable  them  to  recognize  those  qualities  elsewhere,  notwithstanding  the 
jr existence  of  differences  in  other  respects ;  and  thence  to  those  general 
pleas,  in  which  the  abstractions  are  embodied.   In  all  these  processes,  the 
;  hild-mind  seems  to  be  so  entirely  concentrated  upon  the  particular  sub- 
It  ect  of  its  thoughts,  as  to  be  '  possessed'  by  it  for  the  time,  almost  as 
joompletely  as  a  '  biologized'  subject  is  by  his  dominant  idea  ;  and  no  pro- 
|  mged  study  of  it  is  required  to  justify  the  statement,  that  its  operations 
Irre  for  some  time  entirely  automatic,  and  that  the  acquirement  of  Voli- 
i  ional  control  over  them,  on  the  part  of  the  individual,  is  a  very  gradual 
rocess.    As  a  general  rule  it'  may  be  laid-down  that  the  activity  with 
Irrhich  the  formation  of  new  ideas  takes-place  in  the  child,  and  the  rapidity 
|  rith  which  the  attention  transfers  itself  from  one  object  to  another,  pre- 
sents any  single  state  from  fixing  itself  durably  in  the  consciousness,  so 
liiat  the  Memory  preserves  but  taint  traces  of  the  greater  part  of  what 
liasses  through  the  mind ;  and  it  is  (for  the  most  part)  only  when  the 
lume  thoughts  are  frequently  recurred-to,  that  they  take  root  (so  to  speak) 

■  the  psychical  nature.  Still  we  occasionally  find  that  particular  im- 
flvessions  exert  a  very  powerful  influence  on  the  subsequent  course  of 
l.l  :Ought  and  feeling ;  and  there  is  good  reason  to  believe  that  even  where 
t»|<  e  consciousness  loses  its  hold  over  them,  impressions  of  a  transient  nature 

■  I  ay  leave  such  traces  in  the  Brain,  that  they  may  be  reproduced  at  any 
ul  ture  time  when  the  appropriate  suggestion  may  happen  to  be  supplied. 
'Jl- -Whilst  the  ideational  consciousness  is  thus  being  expanded  and  ele- 
bl'.ted,  the  Emotional  part  of  the  Psychical  nature  is  rapidly  acquiring  a 
llfceater  range  and  intensity  of  action.  The  infant  and  young  child  give 
Huple  evidence  in  their  actions,  of  the  several  forms  of  Emotional  Sensi- 
llility  which  connect  themselves  with  Sensational  and  Perceptive  states ; 
\Y.t  no  sooner  does  the  development  of  Ideas  commence,  than  the  various 
Klodincations  of  *  feeling'  attach  themselves  to  these ;  and  thus  almost 
«.sry  thought  that  is  not  a  purely-intellectual  abstraction,  comes  to 
t  |-3se3s  more  or  less  of  an  Emotional  character.  Here,  again,  we  trace 
I  I ;  powerful  influence  of  early  impressions  ;  for  notwithstanding  that  the 

Ite  of  feeling  which  is  habitual  to  each  individual  may  depend  m  great 
Kl^ree  upon  his  original  constitution,  yet  it  is  tmquestionable  that  it  is 
llgely  influenced  (especially  in  its  association  with  particular  classes  of 
(las)  by  sympathy  with  the  like  states  in  those  among  whom  the  child 
vl  eives  its  early  education.  It  is  of  peculiar  importance,  therefore,  that 
II 3  example  should  be  such  as  it  is  wholesome  for  the  child  to  imitate ; 
:  Ice  it  is  upon  the  habits  of  feeling  thus  early  formed,  that  the  happi- 
ih  and  right  conduct  of  after-life  mainly  depend.    This  statement 
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(which  applies  with  yet  greater  force  to  the  Moral  Sense)  may  at  first 
seem  inconsistent  with  the  well-known  fact  that  the  Emotions  of  children 
are  peculiarly  transient  in  their  character,  even  when  they  are  violently 
excited ;  one  state  of  feeling  giving-place  to  another,  even  of  the  most 
opposite  kind,  under  the  influence  of  some  new  impression  or  of  some 
change  in  the  direction  of  the  ideas.    But  the  same  general  principle 
applies  to  this  case,  as  to  the  formation  of  habits  of  thought ;  namely,  that 
although  individual  impressions  are  more  speedily  dissipated  from  the 
minds  of  children  than  from  those  of  adults,  yet  that  when  impressions  of 
the  same  kind  are  frequently  repeated,  the  brain  groios-to  them  in  such  a 
manner  that  they  come  to  take-part  (as  it  were)  in  its  ordinary  working ; 
and  thus,  by  establishing  a  particular  mode  of  nutritive  assimilation,  they 
tend  to  ■perpetuate  this  acquired  habit,  of  whatever  nature  it  be. — The 
right  training  of  the  Emotional  tendencies,  and  all  the  higher  uses  of  the  In- 
tellectual Faculties,  depend  in  great  degree,  as  may  readily  be  shown,  upon 
the  influence  of  the  Will  in  directing  the  current  of  thought  and  feeling ; 
and  this  becomes  greater  and  greater,  if  rightly  cultivated,  with  the  advance 
of  years,  so  that  the  psychical  powers,  whilst  themselves  acquiring  an 
increase  of  vigour  and  comprehensiveness,  are  brought  more  and  more 
under  the  control  of  the  individual,  and  can  be  utilized  in  any  way  in 
which  he  may  choose  to  employ  them.    Thus  with  a  diminishing  mobility 
of  thought  and  excitability  of  feeling,  the  Mind  becomes  more  and  more 
capable  of  sustained  and  determinately-concentrated  activity  ;  and  is  at 
the  same  time  progressively  acquiring  that  store  of  familiar  experiences, 
which  not  only  constitutes  the  basis  of  all  attainments  in  special  depart- 
ments of  knowledge,  but  supplies  (when  judiciously  used)  that '  common- 
sense'  by  which  we  form  most  of  our  judgments  and  direct  most  of  our 
conduct. — During  this  period,  moreover,  the  Muscular  apparatus  of 
Animal  life,  whose  actions  are  at  first  purely  automatic,  is  brought  more 
;ind  more  under  the  direction  of  the  Mind,  so  as  to  express  its  ideas,  its 
feelings,  and  its  volitions.  And  it  is  whilst  this  transference  is  going-on, 
that  new  habits  of  action  are  most  readily  formed,  and  when  once  formed, 
are  durably  impressed  upon  the  organism  (§§  512,  547,  686). — The  excess 
which  must  exist,  during  the  whole  of  this  period,  in  the  constructive  over 
the  destructive  activity,  and  the  large  amount  of  the  latter  which  (as 
already  shown)  arises  out  of  the  very  nature  of  Growth,  in  addition  to 
that  which  proceeds  from  the  increased  activity  of  the  Animal  functions, 
necessitates  a  much  larger  proportion  of  repose  than  suffices  for  the 
adult;  but  this  necessity  diminishes  with  the  progress  of  years,  for  the 
reasons  already  mentioned  ;  and  thus  we  find  that  whilst  the  young  chile 
passes  16  or  18  hours  a  day  in  sleep,  half  that  time  suffices  for  the  youth 
just  entering  on  manhood.  .  , 

881.  The  Second  Dentition,  consisting  in  the  replacement  ot  the 
deciduous  or  1  milk'  Teeth  by  the  permanent  Teeth  that  succeed  them, 
which  is  the  most  important  developmental  change  that  occurs  during 
the  period  of  Childhood,  normally  commences  in  the  7th  oi -8 th7e.' 
the  germs  of  the  new  teeth,  however,  are  formed  long  previously,  having 
their  origin  in  a  process  of  gemmation  from  the  tooth-sacs  ot 
porary  teeth,  which  takes-place  at  a  very  early  period  in  the  develop 
of  the  latter.  The  three  permanent  Molars  on  either  side  ol  eacu  j.^, 
however,  have  no  such  origin  :  since  they  do  not  replace  temporary 
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The  first  pair,  which  usually  make  their  appearance  behind  the  temporary 
molars,  either  contemporaneously-with,  or  a  little  anteriorly-to,  the  first 
-  shedding  of  the  deciduous  teeth,  are  really  '  milk'  teeth,  so  far  as  their 
origin  is  concerned,  since  they  are  developed  from  primitive  tooth-sacs  : 
on  the  other  hand,  the  second  true  molars,  which  afterwards  come-up 
behind  them,  are  evolved  from  tooth- sacs  which  hold  the  same  relation 
:  to  those  of  the  first,  as  the  tooth-sacs  of  the  other  permanent  teeth  do  to 
I  those  of  the  deciduous  teeth  which  they  replace  ;  and  the  third  true 
molars,  or  dentes  sapientice,  bear  the  like  relation  to  the  second.  Although 
•  the  eruption  of  the  true  molars  is  so  long  postponed,  yet  the  foundation 
■  of  them  is  laid  at  an  earlier  period ;  for  the  papilla  of  the  first  is  distin- 
i  guishable  at  the  16th  week  after  conception,  that  of  the  second  at  the  7th 
!  month  after  birth,  and  that  of  the  third  at  the  6th  year.    In  the  succes- 
{ sive  replacement  of  the  '  milk'  teeth  by  the  '  permanent'  set,  a  very 
i  regular  order  is  usually  followed.    The  middle  Incisors  are  first  shed  and 
i  renewed,  and  then  the  lateral  Incisors.  The  anterior  '  milk'  Molars  next 
:  follow  ;  and  these  are  replaced  by  the  anterior  Bicuspid  teeth.  About  a 
]  year  afterwards,  the  posterior  1  milk'  Molars  are  shed,  and  are  replaced 
in  like  manner  by  Bicuspid  teeth.  The  Canines  are  the  last  of  the  '  milk' 
t  teeth  to  be  exchanged ;  in  the  succeeding  year,  the  second  pair  of  the  true 
?  Molars  appear ;  but  the  third  pair,  or  dentes  sapientice,  are  seldom  deve- 
loped until  three  or  four  years  subsequently,  and  often  much  later. 

882.  It  has  been  proposed*  (and  from  the  evidence  adduced  in  its 
i  favour,  the  proposition  would  seem  entitled  to  considerable  attention) 
tto  adopt  the  successive  stages  in  the  Second  Dentition,  as  standards  for 
t  estimating  the  physical  capabilities  of  Children,  especially  in  regard  to 
t  those  two  periods  which  the  Factory-Laws  render  it  of  the  greatest  im- 
[  i|  portance  to  determine :  namely  the  ages  of  nine  and  thirteen  years. 
Kl  Previously  to  the  former,  a  Child  is  not  permitted  to  work  at  all ;  and 
|i  up  to  the  latter,  it  may  be  only  employed  during  nine  hours  a  day.  The 
^necessities  or  the  cupidity  of  Parents  are  continually  inducing  them  to 
^misrepresent  the  ages  of  their  children  ;  and  it  has  been  found  desirable, 
iM  therefore,  to  seek  for  some  test,  by  which  the  capability  of  the  Child 
I  may  be  determined,  without  a  knowledge  of  its  age.    A  standard  of 
>Il  Height  has  been  adopted  by  the  Legislature  for  this  purpose ;  but  upon 
<  L grounds  which,  physiologically  considered,  are  very  erroneous;  since, 
aa  is  well  known,  the  tallest  children  are  frequently  the  weakliest  (§  879). 
1 1  According  to  Mr.  Saunders,  the  degree  of  advance  of  the  Second  Denti- 
P  tion  may  be  regarded  as  a  much  more  correct  standard  of  the  degree  of 
•  L' general  development  of  the  organic  frame  and  of  its  physical  powers ; 
and  it  appears  from  his  inquiries,  that  it  may  be  relied-on  as  a  guide  to 
the  real  age  in  a  large  proportion  of  cases  ;  whilst  no  serious  or  injurious 
I  mistake  can  ever  arise  from  its  use.    It  may  happen  that  local  or  con- 
I  stitutional  causes  may  have  slightly  retarded  the  development  of  the 
Teeth  ;  in  which  case  the  age  of  the  individual  would  rather  be  under- 
llestimated,  and  no  harm  could  ensue  :  on  the  other  hand,  instances  of 
|  premature  development  of  the  Teeth  very  rarely,  if  ever,  occur ;  so  that 
I  there  is  little  danger  of  imputing  to  a  Child  a  capability  for  exertion 
irwhich  he  does  not  possess,  as  the  test  of  height  is  continually  doing. 
|    *  "  The  Teeth  a  Test  of  Age,  considered  with  reference  to,  the  Factory  Children." 
|  By  Edwin  Saunders. 
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Moreover,  if  such  an  advance  in  Dentition  should  occur,  it  might  pro- 
bably be  regarded  as  indicative  of  a  corresponding  advance  in  the  de- 
velopment of  the  whole  organism  ;  so  that  the  real  capability  would  be 
such  as  the  teeth  represent  it. — The  following  is  Mr.  Saunders's  state- 
ment of  the  Ages  at  which  the  '  permanent'  Teeth  respectively  appear :  

The  first  true  Molars  usually  present  themselves  towards  the  end  of  the 
7th  year.  Occasionally  one  of  them  protrudes  from  the  gum  at  6,  or 
more  frequently  at  6£  years  of  age  ;  but  the  evolution  of  the  whole  of 
them  may  be  regarded  as  an  almost  infallible  sign  of  the  Child  being 
7  years  old.  In  other  instances,  where  the  tooth  on  one  side  of  the 
mouth  is  freely  developed,  it  is  fair  to  reckon  the  two  as  having  emerged 
from  their  capsules;  since  the  development  of  the  other  must  be  con- 
sidered as  retarded.  This  rule  only  holds  good,  however,  in  regard  to 
teeth  in  the  same  row;  for  the  development  of  the  teeth  in  either  jaw 
must  not  be  inferred  from  that  of  the  corresponding  teeth  in  the  other. 
With  this  understanding,  the  following,  table  will  probably  be  very 
near  the  truth  : — 


Central  Incisors  developed  at  8  years. 

Lateral  Incisors  9  „ 

First  Bicuspid   10  „ 

Second  Bicuspid   11  "., 

Canines   12   to  12  J 

Second  Molars   12±  to  14 

The  following  are  the  results  of  the  application  of  this  test,  in  a  large 
number  of  cases  examined  by  Mr.  Saunders.  Of  708  children  of  nine 
years  old,  530  would  have  been  pronounced  by  it  to  be  near  the  com- 
pletion of  their  ninth  year;  having  the  central,  and  either  three  or  four 
lateral,  incisors  fully  developed.  Out  of  the  remaining  178,  it  would 
have  indicated  that  126  were  8^  years  old,  as  they  presented  one  or  two 
of  the  lateral  Incisors  ;  and  the  52  others  would  have  been  pronounced 
8  years  old,  all  having  three  or  four  of  the  central  Incisors.  So  that 
the  extreme  deviation  is  only  12  months;  and  this  in  the  inconsiderable 
proportion  (when  compared  with  the  results  obtained  by  other  means) 
of  52  in  708,  or  7£  per  cent.  Again,  out  of  338  children  of  13  years  of 
age,  294  might  have  been  pronounced  with  confidence  to  be  of  that 
age  ;  having  the  Canines,  Bicuspid,  and  second  Molars,  either  entirely 
developed,  or  with  only  the  deficiency  of  one  or  two  of  either  class, 
the  44  others,  3G  would  have  been  considered  as  in  their  13th  year, 
having  one  of  the  posterior  Molars  developed ;  and  8  as  near  the  com- 
pletion of  the  12th,  having  two  of  the  Canines,  and  one  or  two  of  the 
second  Bicuspid.  In  all  these  instances  the  error  is  on  the  favoura  e 
side,— that  is,  on  the  side  on  which  it  is  calculated  to  prevent  mjwg 
to  the  objects  of  the  inquiry ;  in  no  instance  did  this  test  cause  a  v  n 
to  be  estimated  as  older  or  more  fit  for  labour  than  it  really  was.' 

883.  The  period  of  Youth  is  distinguished  by  that  advance  in  ^ 
evolution  of  the  Generative  apparatus  in  both  sexes,  and  by  tna 

*  The  value  of  this  test,  as  compared  with  that  of  Height,  is  manifested  by  ^jj^jf 
example  adduced  by  Mr.  Saunders.  The  height  of  one  lad,  J.  J.,  aged  8  )  montbB, 
months,  was  4  feet  and  f  of  an  inch  ;  that  of  another  boy,  aged  8  yeil,'s,an!,  Kactory 
was  only  3  feet  1\  inches.  According  to  the  standard  of  height  adopted  by  mm 
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(uirement  of  its  power  of  functional  activity,  which  constitutes  the  state 
hi  Puberty.    Of  the  principal  changes  in  which  this  consists,  in  the  two 
-  exes  respectively,  an  account  has  already  been  given  (§§  741,  748,  817) ; 
od  it  is  merely  requisite  here  to  add,  that  this  augmented  development 
ian  only  be  rightly  regarded  as  preparatory  to  the  exercise  of  these 
rrgans,  and  not  as  showing  that  the  aptitude  for  their  exercise  has 
lilready  been  fully  attained.    It  is  only  when  the  growth  and  develop- 
ment of  the  individual  are  completed,  that  the  procreative  power  can  be 
rroperly  exerted  for  the  continuance  of  the  race ;  and  all  experience 
mows  that  by  prematurely  and  unrestrainedly  yielding  to  the  sexual 
astincts,  not  merely  the  generative  power  is  early  exhausted,  but  the 
t.tal  powers  of  the  organism  generally  are  reduced  and  permanently 
tifeebled  ;  so  that  any  latent  predisposition  to  disease  is  extremely  liable 
•  manifest  itself ;  or  the  bodily  vigour,  if  for  a  time  retained  with  little 
iterioration,  early  undergoes  a  marked  diminution. 
884.  After  the  attainment  of  Puberty,  no  marked  alteration  takes- 
aace  in  the  organism,  save  the  continuance  of  its  increase  in  stature, 
mally  for  a  few  years  longer  (§815);  which  increase  is  the  chief 
aanifestation  of  the  excess  of  the  germinal  capacity,  that  has  not  yet 
appended  itself  in  the  building-up  of  the  fabric.    But  so  long  as  this 
Hccrease  is  going-on,  there  is  a  want  of  that  solidity  and  compactness  of 
c«3  organism  which  seem  only  attainable  when  growth  has  ceased ;  and 
ilea  attainment  of  which,  being  essential  to  the  highest  manifestations  of 
i  L^our  and  endurance,  marks  the  final  completion  of  its  development. 

[  this  we  have  the  best  illustration  in  the  Osseous  system ;  whose  com- 
el'i-tion,  being  postponed  until  all  further  growth  has  ceased,  may  be 
prrly  considered  as  marking  the  final  stage  in  the  development  of  the 
.  L^anism,  and  as  therefore  characterizing  the  period  of  Adolescence. — 
I'lnmencing  with  the  Vertebral  Column,  we  find  that  whilst  the  'body' 
|]  I  '  neural  arches'  of  each  vertebra  become  consolidated  in  early  child- 
,l  )d,  the  spinous  and  transverse  processes  are  completed  by  separate 
kl»iphyses,'  the  ossification  of  which  does  not  commence  until  after 
;l  )erty,  and  the  final  union  of  which  with  the  body  of  the  bone  may 
occur  until  the  age  of  twenty-five  or  thirty  years.    About  the  same 
I  e,  there  is  formed  and  added  to  each  surface  of  the  body  of  the 
sltebraa  smooth  annular  plate  of  solid  bone,  which  covers  a  portion 
/fct  was  previously  rough  and  fissured.    During  this  period,  the  con- 
ildation  of  the  Sacrum  is  proceeding;  the  component  vertebra?  of 
j I  ch  remain  separate  up  to  about  the  sixteenth  year,  and  then  begin 
i  I  mite  from  below  upwards,  the  union  of  the  two  highest  being  corn- 
iced by  about  the  twenty-fifth  or  the  thirtieth  year  ;  whilst  at  the 
Jle  time  thin  osseous  plates  are  formed  on  either  side  of  the  coalesced 

Btraissioners  (namely  3  feet  10  inches),  the  taller  lad  would  have  been  judged  fit  for 
liar,  whilst  the  shorter  would  have  been  rejected.  The  Dentition  of  the  latter, 
H^ver,  was  further  advanced  than  that  of  the  former;  for  ho  had  two  of  the  lateral 
i\  ;ors,  whilst  the  former  had  only  the  central:  and  the  determination  of  their  rela- 
I  I  physical  powers,  which  would  have  heen  thus  formed,  would  have  been  in  com- 
■•1  accordance  with  the  truth.  The  elder  boy,  though  shorter  than  the  other  by 
**|  ches,  possessed  a  much  greater  degree  both  of  corporeal  and  mental  energy,  and 
J|  uhc  was  strong  and  regular;  whilst  that  of  the  younger  lad,  who  was  evidently 
A  ing  too  fast,  was  small  and  frequent.— An  instance  even  more  Btnking  has  come 
t'l  r  the  Author's  own  observation. 
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mass,  which  seem  to  represent  the  epiphyses  of  the  transverse  processes 
of  its  component  vertebras,  and  like  them  are  finally  joined-on  to  the 
body  of  the  bone.    The  ossification  and  coalescence  of  the  Coccygeal 
vertebrae  takes  place  at  a  still  later  period.    Each  Rib  in  like  manner 
has  two  epiphyses,  one  for  the  head  and  the  other  for  the  tubercle ;  the 
ossification  of  which  begins  soon  after  puberty,  whilst  their  union  with 
the  body  of  the  bone  is  not  completed  until  some  years  afterwards. 
The  five  pieces  of  which  the  sternum  consists,  though  themselves  com- 
pletely ossified,  remain  separate  until  after  the  age  of  puberty ;  when 
their  union  commences  from  below  upwards,  as  in  the  sacrum,  not 
being  always  completed,  however,  even  in  old  age,  by  the  junction  of 
the  first  piece  to  the  rest  of  the  bone.  The  ossification  of  the  Ensiform 
cartilage  does  not  commonly  begin  until  after  the  age  of  puberty ;  and 
it  is  usually  not  entirely  completed  even  in  very  advanced  life. — The 
ossific  union  of  the  separate  elements  of  the  Bones  of  the  Skull  (§§  804, 
805),  is  usually  completed  within  a  few  years  after  birth  :  but  there  are 
some  parts  which  not  unfrequently  remain  distinct  during  the  greater 
portion  of  life,  and  which  may  even  never  coalesce  ;  such  is  the  case  with 
the  two  halves  of  the  Frontal  bone,  which  often  remain  permanently 
divided  by  a  continuation  of  the  sagittal  suture,  and  with  the  Styloid 
process  of  the  temporal  bone.    In  the  Upper  extremities,  we  find  the 
Scapula  presenting  three  epiphyses,  one  for  the  coracoid  process,  one  for 
the  acromion,  and  one  for  the  lower  angle  of  the  bone  ;  the  ossification 
of  Avhich  begins  soon  after  puberty,  their  union  with  the  body  of  the 
bone  taking-place  between  the  ages  of  twenty-two  and  twenty-five 
years.    The  Clavicle  has  an  epiphysis  at  its  sternal  end,  which  begins 
to  form  between  the  eighteenth  and  twentieth  years,  and  is  united  to 
the  rest  of  the  bone  a  few  years  later.    The  consolidation  of  the 
Humerus  is  completed  rather  earlier ;  the  large  piece  at  the  upper  end, 
which  is  formed  by  the  coalescence  of  the  ossific  centres  of  the  head  and 
two  tuberosities,  unites  with  the  shaft  at  about  the  twentieth  year; 
whilst  its  lower  extremity  is  completed  by  the  junction  of  the  external 
condyle  and  of  the  two  parts  of  the  articulating  surface  (previously  united 
with  each  other),  at  about  the  seventeenth  year,  and  by  that  of  the 
internal  condyle  in  the  year  following.    The  superior  epiphyses  of  the 
Radius  and  Ulna  unite  with  their  respective  shafts  at  about  the  age  of 
puberty ;  the  inferior,  which  are  of  larger  size,  at  about  the  twentieth 
year.  The  epiphyses  of  the  Metacarpal  and  Phalangeal  bones  are  united 
to  their  principals  at  about  the  twentieth  year. — In  the  Lower  extremities 
the  process  of  ossification  is  completed  at  nearly  the  same  periods  as 
that  of  the  corresponding  parts  of  the  upper.    The  consolidation  of  the 
Ilium,  Ischium,  and  Pubis,  to  form  the  Os  Innominatum,  by  the  ossifi- 
cation of  the  triradiate  cartilage  that  intervenes  between  them  in  the 
acetabulum,  does  not  take-place  until  after  the  period  of  puberty ;  ana 
at  this  time  additional  epiphyses  begin  to  make  their  appearance  on  the 
crest  of  the  ilium,  on  its  anterior  inferior  spine,  on  the  tuberosity  o 
the  ischium,  and  on  the  inner  margin  of  the  pubes,  which  are  no 
finally  joined  to  the  bone  until  about  the  twenty-fifth  year. 

885.  The  rapid  increase  in  Viability  which  shows  itself  in  both  sexe 
up  to  the  age  of  puberty,  its  rapid  decline  from  that  point,  and  its  sub- 
sequent increase  in  the  male  up  to  the  age  of  thirty,  have  been  alrea  y 
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pointed-out  (§  815).  The  disorders  to  which  the  organism  is  most  subject 
during  the  several  periods  which  have  now  been  considered,  are  by  no 
l  means  the  same  for  each.    In  early  Childhood,  when  there  is  a  great 
demand  for  the  activity  of  the  Digestive  and  Assimilative  functions,  and 
these  have  to  be  exercised  upon  nutriment  to  which  their  organs  are  not 
yet  accustomed,  we  find  derangements  of  those  organs  to  be  among  the 
most  common  of  all  maladies ;  these  may  be  serious  enough  in  them- 
selves to  constitute  dangerous  and  even  rapidly-fatal  diseases ;  but  even 
when  they  do  not  take  these  acute  forms,  a  foundation  is  often  laid,  in 
habits  of  perverted  Nutrition  thence  arising,  for  disorders  of  a  more 
chronic  nature  (especially  those  depending  on  the  Tubercular  diathesis, 
j§  378),  which  may  not  manifest  themselves  for  many  years  afterwards. 
The  peculiar  activity  of  the  nervous  centres,  which  is  prolonged  from 
I  Infancy  into  early  Childhood,  involves  a  continued  liability  to  derange- 
ments of  their  nutrition  or  of  their  functions  ;  and  thus  it  happens  that 
in  young  children  of  scrofulous  temperament,  it  is  either  in  the  mesenteric 
jglands,  or  in  the  brain  or  its  membranes,  that  tubercular  deposit  first 
titakes  place.    The  second  Dentition,  like  the  first,  is  often  accompanied 
•with  a  great  deal  of  constitutional  disturbance  ;  especially  in  such  indi- 
\  viduals  as  are  suffering  from  defective  Nutrition,  or  from  an  irritable  state 
oof  the  Nervous  System.   In  the  former  case,  there  is  a  special  proneness  to 
ITubercular  disease  ;*  in  the  latter,  to  Epilepsy,  Chorea,  or  some  other  form 
of  disorder  of  the  nervous  centres,  the  connection  of  which  with  Dentition 
s  shown  by  its  abatement  when  that  epoch  has  passed.    A  large  part  of 
the  sickness  and  mortality,  however,  which  presents  so  high  a  rate  during 
:he  whole  period  of  Childhood,  is  due  to  various  forms  of  Zymotic  disease, 
especially  the  Exanthemata  and  Infantile  Remittent  Fever,  and  to  their 
sequela.} — The  attainment  of  Puberty  in  the  Male  sex  is  not  usually 
Attended  with  any  specific  tendency  to  disease  ;  nor  would  it  probably  be 
n  the  Female,  if  her  mode  of  life  were  more  accordant  with  the  rules  of 
lealth.    Although  disorder  of  the  Menstrual  function  is  one  of  the  most 
;ommon  phenomena  of  female  youth,  yet  it  is  undoubtedly  to  be  looked 
lpon  more  frequently  as  a  symptom  of  general  defect  of  nutrition  (and 
especially  of  an  impoverished  condition  of  the  blood),  than  as  itself  con- 
itituting  a  disease.    The  extraordinary  reduction  in  the  probability  of 
ife,  indicating  a  large  mortality,  during  the  years  which  immediately 
'  ucceed  puberty,  seems  to  depend  in  great  degree,  in  the  Male,  upon  the 
>remature  use  of  his  generative  powers,  and  upon  his  entrance  upon  the 
-ctive  employments  of  life  before  his  constitution  has  received  that  invi- 
I  [oration  which  results  from  the  completion  of  his  bodily  development ; 
vhilst  in  the  Female  it  is  very  commonly  attributable  to  the  accumulation 
f  unhealthy  influences,  which  begin  to  '  tell'  upon  the  powers  of  her 
ystem,  when  its  germinal  capacity  no  longer  ministers  to  its  active  rege- 

*  It  is  a  very  significant  circumstance,  that  of  the  many  specimens  of  tho  Anthro- 
I  oid  Apes  which  have  been  brought  alive  into  this  country,  not  one  has  survived  its 
I  icond  dentition  ;  and  that,  in  almost  every  case,  it  has  been  by  tubercular  disease 
I  mt  their  lives  have  been  thus  prematurely  cut-off. 

I  t  The  effects  of  affluence  and  poverty  on  the  duration  of  life  at  this  period  are  re- 
markably shown  by  the  deductions  of  Caspar  of  Berlin,  who  states  as  the  result  of  his 
I  iquiries  that  of  1000  children  born  in  the  families  of  affluent  persons,  911  attained 
I  ie  age  of  15  years  ;  whilst  of  1000  paupers,  only  584  survived  to  that  age.  (Beclard, 
I  Physiologie,"  1862,  p.  594.) 
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neration.  It  is  then,  in  both  sexes,  though  from  causes  whose  immediate 
nature  is  different,  that  the  Tubercular  diathesis  is  prone  to  develope 
itself  with  peculiar  intensity,  and  that,  by  fixing  upon  the  Respiratory 
organs,  it  produces  the  most  rapidly-fatal  alterations  in  structures  whose 
integrity  is  essential  to  life. 

886.  Period  of  Maturity. — The  cessation  of  growth,  and  the  completion 
of  the  developmental  processes,  which  indicate  the  attainment  of  Manhood, 
are  accompanied  by  a  marked  increase  in  the  general  vigour  of  the 
organism,  and  by  a  special  augmentation  in  the  power  of  endurance  in 
the  exercise  of  the  Animal  faculties.    With  the  exception  of  those  parts 
of  the  fabric  Avhose  utility  was  confined  to  the  earlier  periods  of  its 
development,  we  find  every  organ  now  presenting  its  greatest  capacity 
for  sustained  activity  ;  and  thus  it  is  from  the  characters  which  each 
presents  at  this  period,  that  we  base  our.  ideas  of  its  typical  perfection  of 
structure  and  composition.  All  the  previous  changes  which  the  organism 
has  undergone,  both  as  a  whole  and  in  its  separate  parts,  concur  to  the 
attainment  of  this  perfection,  as  we  have  especially  seen  in  regard  to  the 
evolution  of  the  solid  framework  of  the  body ;  and  every  subsequent 
change,  as  we  shall  presently  perceive  (§  888 ),  involves  a  deterioration 
from  it.    The  whole  nisus  of  development,  during  this  period,  appears  to 
be  directed  towards  the  maintenance  of  the  organism  in  the  state  which 
it  had  acquired  at  its  commencement ;  by  the  regeneration  of  its  tissues  as 
fast  as  they  undergo  disintegration,  and  by  the  renovation  of  its  vital  force 
in  proportion  as  this  is  expended.    There  is  no  longer  any  capacity  for 
the  production  of  new  organs,  and  comparatively  little  for  the  augmenta- 
tion of  those  already  existing  ;  the  increase  of  the  Uterine  and  Mammary 
structures,  during  the  period  of  gestation,  being  the  most  important 
examples  of  formative  power,  and  these  presenting  themselves  in  the  sex 
in  which  there  is  least  of  nervo-rnuscular  activity  and  of  general  vigour. 
We  should  infer  then,  that  the  '  germinal  capacity'  is  now  on  the  decline  ; 
and  this  further  appears  from  the  diminished  energy  and  completeness 
with  which  the  reparative  processes  are  performed,  as  compared  with  the 
mode  in  which  they  are  executed  during  the  period  of  growth.  There  is 
consequently  a  less  demand  for  alimentary  material  (allowance  being  made 
for  the  augmented  bulk  of  the  body)  than  during  the  previous  periods ; 
and  the  dependence  of  life  upon  a  constant  supply  of  aliment  is  far  less 
close.    Moreover,  the  ordinary  rate  of  waste  or  degeneration  of  tissue  is 
now  much  less  rapid  than  during  the  period  of  growth  ;  for  we  have  seen 
that  decay  and  removal,  in  the  latter  case,  are  among  the  very  conditions 
of  increase;  whilst  in  the  former,  they  proceed,  for  the  most  part,  only 
from  the  expenditure  of  the  vital  powers  of  the  tissues,  consequent  upon 
their  functional  activity.    Hence  it  is  upon  the  degree  in  which  the 
Animal  powers  are  exercised,  that  the  demand  for  food  chiefly  depends 
in  the  Adult ;  the  sole  purpose  of  the  Organic  or  Vegetative  operations 
being  (so  to  speak)  to  keep  the  apparatus  of  Animal  life,  now  fully  deve- 
loped, in  working-order.    The  relative  activity  of  the  different  parts 
this  apparatus  is  now  somewhat  modified.    The  observing  facilities 
longer  possess  the  same  pre-eminence  ;  the  emotional  sensibility  is 
readily  excited  ;  but  the  intellectual  powers  now  act,  in  the  modes  w 
have  become  habitual  to  them,  with  a  sustained  vigour  and  completen^ 
which  they  never  previously  possessed.    And  so,  whilst  the  muse les 
not  so  easily  excited  to  contraction,  and  new  combinations  of  movem 
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are  acquired  with  far  more  difficulty  than  during  the  period  of  growth 
and  development,  the  force  which  they  can  generate  by  their  contraction 
is  augmented,  and  this  force  can  be  kept-up  for  a  much  longer  time  in 
adults  than  in  younger  subjects. 

887.  The  duration  of  the  period  over  which  this  '  maintenance'  may 
be  protracted,  without  any  sensible  deterioration,  depends  in  great  degree 
upon  the  due  observance  of  all  the  conditions  of  health.     If  the  various 

ental  and  bodily  faculties  are  duly  exercised,  without  being  overtasked, 
if  an  amount  of  sleep  adequate  to  their  periodic  renovation  be  regularly 
ken, — if  a  sufficient  but  not  excessive  quantity  of  wholesome  food  be 
'ngested  at  appropriate  intervals, — if  the  functions  by  which  the  blood  is 
repared,  and  those  by  which  it  is  kept  in  purity,  be  duly  performed, — 
f  all  such  noxious  agents  as  foul  air,  strong  alcoholic  liquors,  tobacco- 
moke,  be  kept  at  a  distance, — and  there  be  no  constitutional  predis- 
osition  to  disease  on  the  one  hand,  nor  any  exposure  to  extraneous 
orbific  causes  on  the  other, — it  may  be  fairly  anticipated  that  the 
odily  and  mental  vigour  may  be  sustained  with  little  deterioration 
uring  a  long  succession  of  years.    The  circumstances  that  most  tend 
o  premature  decline,  are,  on  the  one  hand,  excessive  exertion  either 
f  the  mental  faculties  or  of  the  generative  power ;  or,  on  the  other, 
ndue  indulgence  in  food,  or  in  stimulating  drinks,  or  in  any  practice 
at  tends  to  disorder  the  Organic  functions,  especially  by  exciting  them 
j  undue  activity.    Every  one  who,  in  any  of  these  modes,  may  "  live 
o  fast,"  is  almost  certain  to  pay  the  penalty  in  an  abbreviation  of  his 
■  m  of  vigorous  activity;  which  maybe  either  brought  to  a  sudden 
d  final  close  by  fatal  disease,  or  may  be  prematurely  reduced  by  more 
adual  decay.    And  this  tendency  will  of  course  be  more  decided,  the 
eater  is  the  amount,  and  the  larger  the  combination,  of  those  depar- 
ts from  the  Laws  of  Health  which  give  rise  to  it. 

888.  Period  of  Decline. — The  decline  of  life  exhibits  a  much  more 
bvious  diminution  of  the  whole  vital  power  of  the  organism ;  for  not 
ily  is  its  formative  activity  now  greatly  reduced,  but  its  nervo- 
.uscular  energy  and  general  vigour  progressively  diminish,  and  its 
inerative  power  becomes  enfeebled,  or  ceases  entirely  (§§  741,  750). 
f  this  diminution  in  formative  power  we  have  evidence  in  the  entire 
)sence  of  any  attempt  at  new  development,  in  the  less  perfect  and  more 
dious  manner  in  which  the  losses  of  substance  occasioned  by  disease 
•  injury  are  recovered-from,  and  in  the  gradual  deterioration  of  the 
:ganism  in  general.  The  tissues  which  are  rendered  effete  by  their 
nctional  activity,  are  not  any  longer  replaced  in  their  normal  com- 
eteness ;  for  either  the  quantity  of  new  tissue  is  inadequate,  so  that 
ebulk  of  the  organs  is  obviously  reduced  ;  or  their  quality  is  rendered 

|  perfect  by  the  production  of  structures  in  various  phases  of  degenera- 
te, in  place  of  those  which  had  been  previously  developed  in  the  fullest 
mpleteness.    The  inferiority  of  Nervo-muscular  energy  and  of  general 
\  ?ourare  thus  evidently  the  result  of  the  deficiency,  and  not  (as  in  the 
|  riod  of  growth)  of  the  excess,  of  formative  power ;  and  in  proportion 
the  <  waste'  of  the  tissues,  consequent  upon  their  functional  activity, 
more  rapid  than  their  renovation,  a  progressive  loss  of  substance  must 
;e  -place.    The  forms  of  Degeneration  most  commonly  met-with  in 
/anced  age,  are  the  fatty  and  the  calcareous.    The  former  (§  351 )  is 
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extremely  prone  to  show  itself  in  those  organs  whose  integrity  of  struc- 
ture is  peculiarly  important  to  health,  and  whose  deterioration  interferes 
directly  with  the  vital  properties  of  their  component  tissues.    Thus  we 
observe  it  in  the  Muscular  apparatus  generally,  but  pre-eminently  in 
the  walls  of  the  Heart ;  and  in  proportion  as  its  contractile  fibre  has 
been  replaced  by  particles  of  fat,  must  the  vital  energy  of  any  muscle  be 
lowered.    So,  again,  we  find  the  same  degeneration  in  the  Liver,  Kidney, 
and  other  parts  of  the  Glandular  apparatus ;  the  proper  secreting  action 
of  which  is  impaired  in  the  ratio  of  the  substitution  of  fat  for  the  proper 
Glandular  elements.  But  it  may  also  lead  to  most  serious  derangements 
of  the  vital  functions,  by  its  interference  with  the  purely -mechanical 
actions  of  certain  parts  of  the  organism  ;  thus,  fatty  degeneration  of 
the  walls  of  the  Blood-vessels  is  one  of  the  most  frequent  causes  of  those 
extravasations  of  blood  in  the  nervous  centres,  which  give  rise  to  the 
apoplexy  and  to  the  various  forms  of  paralysis  so  common  among  the 
aged  ;  and  the  same  change  occurring  in  the  Bones,  gives  them  that 
peculiar  brittleness  which  they  frequently  exhibit  in  advanced  periods 
of  life.    That  general  decline  of  the  vital  powers,  which  has  received 
the  name  of  '  climacteric  disease,'  appears  traceable  to  the  same  source.* 
— The  tendency  of  the  calcareous  degeneration  (which  especially  affects 
the  Cartilaginous  and  Fibrous  tissues)  is  almost  exclusively  to  interfere 
with  the  mechanical  adaptations  of  the  organism;  producing  an  injurious 
rigidity  in  various  structures  which  require  a  greater  or  less  amount  of 
flexibility  for  the  normal  performance  of  their  functions.    Thus  it  is 
very  common  for  the  cartilages  of  the  ribs  to  become  ossified  in  advanced 
life,  so  as  to  interfere  with  the  free  movement  of  the  walls  of  the  thorax ; 
and  the  thyroid  cartilages  of  old  people  are  frequently  converted  into 
bone,  producing  a  roughness  of  the  voice,  and  deficiency  of  the  power 
of  modulating  it.    The  intervertebral  substance  (which  is  partly  carti- 
laginous and  partly  fibrous)  not  unfrequently  becomes  solidified  in  the 
lumbar  region,  as  do  also  the  spinal  ligaments,  so  that  several  of  the 
lower  vertebra}  are  firmly  anchylosed  to  each  other  and  to  the  sacrum ; 
and  a  like  change  often  takes-place  in  the  pelvic  articulations,  so  that 
the  pelvis  and  the  lower  part  of  the  spine  become  one  continuous  mass  of 
bone,  destitute  of  flexibility  or  yieldingness  in  any  part.  In  like  manner 
the  cranial  sutures  often  become  obliterated,  and  calcareous  deposits 
occur  in  the  duplicatures  of  the  dura  mater  forming  the  falx  and  ten- 
torium.   A  large  amount  of  this  kind  of  change  may  take-place  without 
any  serious  interference  with  the  organic  functions,  although  it  tends  to 
curtail  the  Animal  powers.    When  the  calcareous  degeneration,  how- 
ever, extends  itself  to  the  vital  organs,  the  interruption  which  it  occa- 
sions in  their  actions  may  be  fatal ;  thus,  next  to  fatty  degeneration,  there 
is  probably  no  more  frequent  cause  of  failure  of  the  heart's  action,  or  ot 
extravasation  from  the  blood-vessels,  in  old  persons,  than  ossification  o 
the  valvular  apparatus  of  the  former,  depriving  it  of  the  flexibility  whxcP 
is  essential  to  its  proper  action,  or  of  the  fibrous  walls  of  the  latter,  im- 
parting to  them  a  brittleness  which  predisposes  to  rupture. f 

*  See  Gulliver  in  the  "  Transact,  of  Eoy.  Med.-Chir.  Soc.,"  1843;  and  in  "Edffl. 
Med.  and  Surg.  Journ.,"  1843;  Mr.  Barlow's  'General  Observations  on  tatty 
novation,'  in  the  "  Medical  Times  and  Gazette,"  May  15,  1852.  ^ 

t  A  good  account  of  these  changes  will  be  found  in  the  "  Practical  Treatise  ou 
Diseases  and  Infirmities  of  Advanced  Life,"  by  Daniel  Maclachan,  M.D. ;  lew- 
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889.  Thus,  then,  with  the  advance  of  Old  Age,  the  organism  becomes 
progressively  more  and  more  unfit  for  the  active  performance  of  its  vital 
operations ;  a  gradual  weakening  is  observable  in  the  Mental  as  well  as  in 
the  Corporeal  energy ;  and  a  retardation  becomes  obvious  in  the  current 
of  Organic  life.    The  mind  is  far  less  active  than  in  the  periods  of  Ma- 
•  turity ;  the  perceptions  are  dull,  the  feelings  comparatively  obtuse  (save 
■  where  some  dominant  emotion  has  gained  possession,  through  the  previous 
J  habit  of  yielding  to  it),  the  intellectual  powers  cannot  be  so  readily  put 
in  action,  and  the  imagination  loses  its  vividness.   There  are  few  instances 
i  in  which  any  great  works,  either  literary  or  artistic,  have  been  executed 
:  after  the  age  of  threescore.     Still  the  experience  of  a  long  life  gives 
\  value  to  the  judgment ;  and  the  counsels  of  the  old,  where  the  bearings 
i  of  the  question  can  be  fully  understood,  deserve  the  respect  of  the  young, 
rmore  especially  in  cases  where  temporary  ardour  of  feeling  tends  in  the 
Uatter  to  supersede  the  dictates  of  their  calmer  reason. — The  mental 
i  torpor  is  correlated,  there  seems  no  reason  to  doubt,  with  changes  in  the 
condition  of  the  Nervous  substance,  which  impair  its  original  activity; 
..and  like  changes,  occurring  in  the  Muscular  substance,  diminish  its 
^  capacity  for  physical  exertion.     Hence  there  is,  on  the  one  hand,  a 
marked  diminution  in  the  demand  for  food  ;  on  the  other,  a  like  diminu- 
tion in  the  rate  of  the  excretory  processes,  as  is  seen  especially  in  the 
\  exhalation  of  carbonic  acid  (§  308,  in.)  and  in  the  excretion  of  Urea 
II  §  409) :  and  in  accordance  with  all  these  reductions,  there  is  a  greatly 
rllliminished  power  of  sustaining  the  heat  of  the  body,  the  temperature  of 
vhich  consequently  becomes  liable  to  a  serious  depression  from  external 
!  'old.    This  retardation  of  vital  activity  gradually  becomes  more  and 
■nnore  marked,  until,  if  neither  accident  or  disease  should  intervene,  the 
;  urrent  stops  of  itself ;  the  formative  power  seems  to  undergo  a  progres- 
&liive  exhaustion,  until  no  assistance  from  artificial  heat,  no  supply  of  the 
jfcaost  nutritious  food,  can  any  longer  avail  for  the  generation  of  new  tissue  ; 
.  the  nervo-muscular  energy  gradually  declines,  until  at  last  even  those 
elections  on  which  the  circulation  and  respiration  entirely  depend  can  no 
glnnger  be  performed;  and  with  the  cessation  of  these  functions,  the  Life 
[rltf  the  entire  organism  becomes  extinct. — Such  we  may  consider  to  be  the 
blnode  in  which  Death  normally  occurs.    Various  abnormal  influences, 
»l  owever,  remain  to  be  considered,  which  may  bring  about  this  final  result 
[i Itt  an  earlier  period,  and  in  different  modes  (chap.  xxi.). 
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CHAPTER  XXI. 

OF  DEATH. 

890.  We  have  seen  it  to  be  inherent  in  the  very  nature  of  Vital 
Action,  that  it  can  only  be  sustained  during  a  limited  period  by  any 
Organized  body ;  for  although  the  duration  of  certain  structures  may  be 
prolonged,  and  their  vital  properties  retained,  almost  indefinitely,  yet 
this  is  only  when  the  withdrawal  of  all  extraneous  agencies  has  reduced 
them  to  a  condition  of  complete  inactivity.  The  Organized  fabric,  in 
fact,  is  at  the  same  time  the  instrument  whereby  Vital  Force  is  exer- 
cised, and  the  subject  of  its  operation  ;  and  of  this  operation,  decline  is 
no  less  a  constituent  part  than  development,  and  Death  is  its  necessary 
sequence.  Hence,  in  the  performance  of  each  one  of  those  Functions 
whose  aggregate  makes -up  the  Life  of  Man,  the  particular  organ  which 
ministers  to  that  function  undergoes  a  certain  loss  by  the  decline  and 
death  of  its  component  tissues  ;  and  this  the  more  rapidly  in  proportion 
to  the  activity  of  the  changes  which  are  effected  by  their  instrumentality. 
But  if  the  regenerative  processes  be  also  performed  with  due  vigour,  no 
deterioration  of  the  organ  is  manifested,  since  every  loss  of  substance  is 
compensated  by  the  production  of  an  equivalent  amount  of  new  and 
similar  tissue.  This  regenerative  power,  however,  gradually  diminishes 
with  the  advance  of  years;  and  thus  it  happens  that  the  entire  organism 
progressively  deteriorates  (§  888),  and  that  Death  at  last  supervenes  from 
a  general  failure  of  the  vital  powers,  rather  than  from  the  perversion  or 
cessation  of  any  one  class  of  actions  in  particular. 

891.  But  Death  may  occur  at  any  period  of  Life,  from  some  local 
interruption  produced  by  disease  or  injury  in  the  regular  sequence  of 
vital  actions  ;  such  interruption  extending  itself  from  the  part  in  which 
it  commences,  to  the  organism  in  general,  in  virtue  of  that  intimate 
mutual  dependence  of  one  function  upon  another,  which  is  characteristic 
of  all  the  higher  orders  of  living  beings.  The  death  of  the  body  as  a 
whole,  which  may  be  appropriately  designated  Somatic*  death,  becomes 
a  necessary  consequence  of  the  death  of  a  certain  part  of  it,  or  Molecular 
death,  only  when  the  cessation  of  activity  in  the  latter  interferes  with 
the  elaboration,  the  circulation,  or  the  depuration  of  the  Blood,  which 
supplies  not  merely  the  nutritive  pabulum  to  every  part  of  the  organism, 
but  also  the  oxygen  which  is  essential  to  the  activity  of  the  Nervo- 
muscular  apparatus.  Thus,  even  in  the  higher  animals,  the  death  or 
removal  of  the  limbs,  although  they  may  constitute  (as  in  Man)  a  large 
proportion  of  the  fabric,  is  not  necessarily  fatal ;  because  it  involves  no 
interruption,  either  in  the  nutritive  operations  of  the  viscera,  or  in  the 
sensorial  functions  of  the  brain.|  On  the  other  hand,  the  destruction  ot  a 

*  This  term  was  first  suggested  by  Dr.  Prichard,  in  place  of  the  less  accurate  term 
'  systemic'  which  was  previously  in  use.   (See  "  Cyclop,  of  Anat.  and  Physiol., 

P'  t9The  Author  has  teen  informed  by  Dr.  Daniell,  that  it  is  not  at  all  I11100"1™0"'^ 
Negroes  who  are  in  the  last  stage  of  the  adynamic  fevers  of  the  Aincan  o 
death  and  decomposition  to  extend  gradually  upwards  from  the  cxtreim"  ■ 
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certain  minute  portion  of  the  Nervous  centres,  or  such  a  lesion  of  the 
Beart's  structure  as  would  be  trivial  in  almost  any  other  organ,  may  be 
lithe  occasion  of  immediate  death;  because  these  changes  arrest  the  Ee- 
ls spiratory  movements,  or  interfere  directly  with  the  action  of  the  Heart, 
hso  as  to  bring  the  flow  of  blood  to  a  stand.  It  sometimes  happens,  how- 
It  ever,  that  life  may  be  prolonged  after  the  death  or  removal  of"  some  im- 
hportant  organ,  in  consequence  of  the  power  which  some  other  possesses 
Icof  discharging  its  function ;  thus  we  find  that  in  Man  the  kidneys  seem 
^occasionally  to  take  upon  themselves  the  elimination  of  the  constituents 
loof  bile  from  the  blood  (§  385)  ;  and  in  the  Frog  the  skin  can  perform 
I] part  of  the  office  of  the  lungs,  so  as  to  effect  the  aeration  of  the  blood  in 
La  sufficient  degree  to  prolong  life  for  some  time,  unless  the  temperature 
llbe  elevated.* 

892.  But  although  the  vital  activity  of  every  part  of  the  body  is 
lependent  upon  a  due  supply  of  circulating  fluid,  yet  this  dependence  is 

laisually  not  so  close  as  to  involve  the  immediate  suspension  of  vital 
^activity,  or  Molecular  Death,  in  every  part,  whenever  the  general  Circula- 
I  :ion  shall  have  been  brought  to  a  stand.  For  we  have  distinct  evidence 
fofthe  persistence  of  vital  changes  in  various  organs  and  tissues  of  the 

Dody,  after  the  death  of  the  body  at  large  ;  as  is  manifested  in  the  per- 

brmance  of  ciliary  and  of  muscular  movements,  in  acts  of  secretion  and 
perhaps  even  of  nutrition, f  in  the  maintenance  of  the  local  circulation 

§  262),  and  in  the  generation  of  animal  heat  (§  424);  and  the  fact  is 
i.  iven  yet  more  remarkably  manifested  in  the  reunion  (even  after  the 

apse  of  some  hours)  of  parts  that  have  been  entirely  severed,  such  as 
|  fingers  or  toes,  noses  or  ears,  by  adhesion  between  the  cut  surfaces  when 
i  brought  into  apposition,  which  could  not  take  place  if  the  severed  part 
■■were  already  dead. 

893.  The  permanent  and  complete  cessation  of  the  Circulating  current, 
:  fcvhich  essentially  constitutes  Somatic  Death,  may  be  directly  or  indirectly 

onsequent  upon  several  distinct  causes. — In  the  first  place,  it  may  be 
lue  to  failure  in  the  propulsive  power  of  the  Heart,  which  constitutes 
;  ^yncope.  This  failure  may  occur  either  («)  in  consequence  of  a  loss  of 
lie  proper  irritability  of  the  Muscular  tissue,  or  (b)  through  the  super- 
trention  of  a  1  tonic  spasm,'  the  organ  remaining  rigidly  contracted  with- 
1  mat  its  usual  alternation  of  relaxation.  The  phenomena  attending  death 
I  rn  the  two  cases  are  not  dissimilar,  when  the  loss  of  irritability  is  sudden 
I  jnd  immediate  (as  when  it  arises  from  violent  impressions  on  the  nervous 

■  trunk ;  so  that  the  former  may  he  in  a  state  of  absolute  putrescence,  before  the  respi- 
I  pation  and  circulation  have  been  brought  to  a  stand  :  and  he  learns  from  Prof.  Jackson 
I  i  f  Philadelphia,  that  he  has  more  than  once  witnessed  the  same  occurrence. 

*  That  such  cannot  take-place  in  Man,  is  due  not  merely  to  the  far  less  complete 
f  laptation  of  his  skin  for  the  aeration  of  the  blood,  but  also  to  the  difference  in  the 
§  v/pe  of  his  circulation,  which  causes  the  arrest  of  blood  in  the  pulmonary  vessels  to 
J   roduce  a  stagnation  of  the  entire  current. 

f  Thus  Mr.  T.  Bell  mentions  ("  History  of  British  Reptiles,"  p.  61),  that  having 
I  eeen  engaged  in  the  careful  dissection  of  the  poison-apparatus  of  a  large  Rattlesnake, 
I  Itlthough  the  animal  had  been  dead  for  some  hours,  and  the  head  had  been  taken-off 
f  i  omediately  after  death,  yet  the  poison  continued  to  be  secreted  as  the  dissection 
I  Toceeded,  so  as  to  require  to  be  occasionally  dried-off  with  a  bit  of  sponge— A  growth 
I  :  Hair  is  said  to  have  been  noticed  in  several  instances  after  death ;  and  if  the  tem- 
I  iarature  of  the  surrounding  medium  be  not  too  low  for  the  vital  activity  of  the  hair- 
t   jibs,  there  soems  no  adequate  reason  why  this  should  not  take-place. 
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system) ;  for  the  individual  suddenly  turns-pale,  falls-back  or  drops-down 
and  expires  with  one  gasp.    But  under  the  former  condition,  the  heart  is 
found  flabby,  sometimes  empty,  sometimes  distended  with  blood,  both 
cavities  being  equally  filled  ;  whilst  in  the  latter  the  heart  is  contracted 
and  hard,  containing  little  or  no  blood,  as  when  in  the  state  of  rigor  mortis. 
— The  cause  of  the  loss  of  irritability,  when  sudden,  usually  hies  in  the 
influence  of  a  1  shock'  transmitted  through  the  Nervous  system,  and 
originating  either  in  some  severe  lesion  of  its  central  organs  or  of  its 
peripheral  expansion  (§  242),  or  in  a  deficiency  of  its  supply  of  blood  or 
diminution  of  its  usual  pressure  (such  as  is  produced  by  rapid  detraction 
of  blood,  especially  in  the  erect  posture,  by  the  rapid  removal  of  the 
fluid  in  ascites  without  the  substitution  of  artificial  pressure,  or  by  sud- 
denly rising  into  the  erect  posture  after  prolonged  recumbency,*  still 
more,  after  long  stooping),  or  in  some  powerful  mental  emotion,  either 
exciting  or  depressing.    A  more  gradual  effect  of  the  same  kind  is  pro- 
duced by  severe  lesions  of  the  internal  organs  (such  as  rupture  of  the 
uterus),  which  often  prove  fatal  by  the  general  '  collapse'  thus  induced, 
rather  than  by  the  disturbance  which  takes  place  in  their  own  proper 
functions ;  and  this  seems  to  be  the  usxial  modus  operandi  of  corrosive 
poisons,  whose  effect  upon  the  heart's  action  resembles  that  produced  by 
severe  burns  of  the  surface  in  children.    The  influence  of  the  proper 
sedative  poisons,  however, — such  as  digitalis,  tobacco,  aconite,  and  upas, — 
seems  to  be  directly  exerted,  through  the  blood,  upon  the  tissue  of  the 
heart  itself ;  and  the  same  is  probably  the  case  with  some  of  those  '  morbid 
poisons,'  whose  introduction  into  the  system  gives  rise  to  diseases  of  the 
most  intensely  adynamic  type,  such  as  Malignant  Cholera,  in  which  the 
'  collapse'  is  out  of  all  proportion  to  any  local  lesion.    But,  again,  the 
loss  of  the  Heart's  irritability  may  be  a  gradual  process,  resulting  from 
the  deterioration  of  its  tissue  by  fatty  degeneration  or  by  simple  atrophy ; 
and  this  last  condition  may  be  due  to  deficiency  of  blood,  as  happens  in 
chronic  starvation  and  diseases  of  exhaustion,  in  which  the  failure  of  the 
circulation  seems  due  to  the  weakening  of  the  heart's  power  and  to  the 
loAvering  of  the  quantity  and  quality  of  the  blood,  acting  as  concurrent 
causes,  the  condition  thus  induced  being  appropriately  designated  Asthenia. 
In  all  cases  it  is  to  be  observed  that  when  the  Vital  powers  have  been 
previously  depressed,  a  much  slighter  impression  on  the  Nervous  system 
is  adequate  to  produce  Syncope,  than  would  be  required  when  it  is  in  a 
state  of  full  vigour. — The  causes  of  the  tonic  spasm  of  the  heart  have 
not  been  clearly  made-out ;  but  it  seems  producible,  like  the  more 
common  form  of  Syncope,  by  agencies  operating  through  the  Nervous 
system  ;  thus  it  has  supervened  upon  the  ingestion  of  a  large  quantity  of 
cold  water  into  the  stomach. 

894.  Somatic  Death  may  be  occasioned,  secondly,  by  an  obstruction 
to  the  flow  of  blood  through  the  capillaries  of  the  lungs,  constituting 
Asphyxia  (§318);  and  this  may  be  consequent  upon  a  disordered  state 
of  the  lungs  themselves,  or  upon  suspension  of  the  respiratory  move- 
ments through  affections  of  the  Nervous  centres.    It  is  in  tins  mode 

*  Hence  it  is  that  great  caution  should  be  exercised,  in  allowing  patients  who"* 
convalescent  from  acute  diseases  to  rise  into  the  erect  position  ;  many  cases  01  , 
syncope  having  been  thus  induced.    The  state  of  general  debility,  and  the  continue 
recumbency,  both  favour  this  result,  especially  in  persons  advanced  in  lite. 
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that  most  fatal  disorders  of  the  Nervous  System  produce  death,  except 
when  a  sudden  and  violent  impression  occasions  a  cessation  of  the  heart's 
power ;  thus  in  Apoplexy,  Narcotic  Poisoning,  &c.,  death  results  from 
the  paralyzed  condition  of  the  Medulla  Oblongata ;  whilst  in  Convulsive 
diseases,  the  fatal  result  generally  ensues  upon  a  spasmodic  fixation  of 
the  respiratory  muscles. — Thirdly,  Somatic  death  may  be  occasioned  by 
a  disordered  condition  of  the  Blood  itself  (§  202),  which  at  the  same 
time  weakens  the  power  of  the  Heart,  impairs  the  activity  of  the  Nervous 
system,  and  prevents  the  performance  of  those  changes  in  the  systemic 
Capillaries,  which  afford  a  powerful  auxiliary  to  the  circulation.  This  is 
Death  by  Necrcemia.* — Fourthly,  Somatic  death  may  result  directly  from 
the  agency  of  Cold,  which  stagnates  all  the  vital  operations  of  the  system. 
Where  the  cooling  is  due  to  the  agency  of  an  extremely  low  external 
temperature,  which  acts  first  upon  the  superficial  parts,  there  is  reason  to 
think  that  the  congestion  of  the  internal  vessels  thereby  induced,  occasions 
a  torpid  condition  of  the  Nervous  centres,  and  that  the  cessation  of 
the  Circulation  is  immediately  due  to  Asphyxia.  But  when  the  cooling 
is  gradual,  and  the  loss  of  heat  is  almost  equally  rapid  throughout,  it 
is  obvious  that  the  stagnation  must  be  universal,  and  that  no  cessation  of 
activity  in  any  one  part  is  the  occasion  of  the  torpor  in  the  functions  of 
the  remainder.  It  is  in  this  manner  that  death  ordinarily  results  from 
Starvation,  and  not  by  the  weakening  of  the  heart's  action,  as  commonly 
supposed;  the  proofs  of  this  have  been  already  stated  (§  429). 

895.  As  a  general  rule,  we  find  that  the  more  active  the  changes 
which  normally  take  place  in  any  tissue  during  life,  the  more  speedily 
does  its  Molecular  Death  follow  Somatic  Death,  the  requisite  conditions 
of  its  vital  action  being  no  longer  supplied  to  it.  Thus  we  observe  that 
in  Cold-blooded  animals,  the  supervention  of  Molecular  upon  Somatic 
death  is  much  less  speedy  than  it  is  in  Birds  and  Mammals.  This  seems 
due  to  two  causes.  In  the  first  place,  the  tissues  of  the  former,  being  at 
all  times  possessed  of  a  lower  degree  of  vital  activity  than  those  of  the 
latter,  are  disposed  to  retain  it  for  a  longer  time ;  according  to  the  prin- 
ciple already  laid-down.  And  secondly,  as  the  maintenance  of  a  high 
temperature  is  an  essential  condition  of  the  vital  activity  of  the  tissues 
of  Warm-blooded  animals,  the  rapid  cooling  of  the  body  after  Somatic 
death  is  calculated  to  extinguish  it  speedily ;  and  that  this  cause  has  a 
real  operation,  is  evinced  by  the  influence  of  artificial  warmth  in  sus- 
taining the  vital  properties  of  separated  parts. — The  rapidity,  however, 
with  which  Molecular  death  follows  the  cessation  of  the  general  circu- 
lation, will  be  influenced  by  a  variety  of  causes ;  but  especially  by  the 
degree  in  which  the  condition  of  the  solids  and  fluids  of  the  body  has 
been  impaired  by  the  mode  of  death.  Thus  in  Necrasniia,  Asthenia,  and 
death  by  gradual  cooling,  Molecular  and  Somatic  Death  may  be  said  to 
be  simultaneous  ;  and  the  same  appears  to  be  true  of  death  by  sudden 
and  violent  impressions  on  the  Nervous  system  (§  242).  But  m  many 
cases  of  death  by  causes  which  operate  by  producing  a  more  gradual 
Syncope  or  Asphyxia,  the  tissues  and  blood  having  been  previously  in  a 
healthy  condition,  Molecular  death  may  be  long  postponed;  and  we 
cannot  be  quite  certain  that  it  has  supervened  until  signs  of  actual  de- 
composition present  themselves. 

*  See  Dr.  C.  J.  B.  Williams's  "  Principles  of  Medicine,"  3rd  edit.,  p.  553. 
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89G.  When  Molecular  death  tal  •ces-place  in  an  isolated  part,  it  must 
result  from  some  condition  peculiar  to  that  part,  and  not  primarily  affect- 
ing the  body  in  general.  Thus  we  may  have  Gangrene  or  Mortification 
of  a  limb  as  a  direct  result  of  the  application  of  severe  cold,  or  of  an  agent 
capable  of  producing  chemical  changes  in  its  substance,  or  of  violent 
contusions  occasioning  mechanical  injury  ;  or,  again,  from  an  interrup- 
tion to  the  current  of  nutritive  fluid ;  or,  further,  from  some  ill-under- 
stood stagnation  of  the  nutritive  process,  which  manifests  itself  in  the 
spontaneous  death  of  the  tissues  without  any  assignable  cause,  as  in  some 
cases  of  senile  gangrene.  Sometimes  we  are  enabled  to  trace  this  stagna- 
tion to  a  disordered  condition  of  the  circulating  fluid ;  as  in  the  gangrene 
resulting  from  the  continued  use  of  the  '  ergot'  of  rye  or  wheat ;  but  we 
can  give  no  other  account  of  the  almost  invariable  commencement  of 
such  gangrene  in  the  extremities,  than  we  can  of  the  selection  of  lead, 
introduced  into  the  blood,  by  the  extensors  of  the  fore-arm. — If  Mortifi- 
cation or  Molecular  Death  be  once  established  in  any  part,  it  tends  to 
spread,  both  to  contiguous  and  to  distant  portions  of  the  body.  Thus 
we  have  continually  to  witness  the  extension  of  gangrene  of  the  lower 
extremities,  resulting  from  severe  injury  or  from  the  use  of  the  ergot, 
from  the  small  part  first  affected,  until  the  whole  limb  is  involved ;  and 
this  extension  is  easily  accounted-for,  by  our  knowledge  of  the  tendency 
of  organic  substances  in  the  act  of  decomposition,  to  produce  a  similar 
change  in  other  organic  substances  subjected  to  the  influence  of  proximity 
to  them.  And  the  propagation  of  the  gangrenous  tendency  to  remoter 
parts,  is  obviously  due  to  the  perversion  of  the  qualities  of  the  Blood, 
which  results  from  a  similar  cause.* 

897.  It  is  quite  certain  that  an  apparent  cessation  of  all  the  vital 
functions  may  take-place,  without  that  entire  loss  of  vitality  which  would 
leave  the  organism  in  the  condition  of  a  dead  body,  liable  to  be  speedily 
disintegrated  by  the  operation  of  chemical  and  physical  agencies.  The 
state  of  Syncope  is  sometimes  so  complete  that  neither  can  the  heart's 
action  be  perceived  nor  any  respiratory  movements  be  observed,  all 
consciousness  and  power  of  movement  being  at  the  same  time  abolished ; 
and  yet  recovery  has  spontaneously  taken  place,  which  could  scarcely 
have  been  the  case  if  all  vital  action  had  been  suspended. — It  is  not  a 
little  remarkable,  that  certain  individuals  have  possessed  the  power  of 
voluntarily  inducing  this  condition.  The  best-authenticated  case  of 
this  kind  is  that  of  Col.  Townsend,  which  was  described  by  Dr.  George 
Cheyne,f.  who  was  himself  the  witness  of  the  fact.  But  statements 
have  been  recently  made  respecting  the  performances  of  certain  Indian 
Fakeers,  which  are  far  more  extraordinary ;  it  being  demonstrated,  if 
these  assertions  are  to  be  credited,:}:  that  the  Human  organism  may 

*  On  the  proximate  causes  of  Death,  see  especially  the  Art.  'Death,'  by  Dr.  Sy- 
monds,  in  the  "  Cyclop,  of  Anat.  and  Phys.,"  vol.  i. ;  the  first  chapter  of  Prof.  Alison  b 
"Outlines  of  Pathology  and  Practice  of  Medicine,"  and  Dr.  C.  J.  B.  Williams  s 
"  Principles  of  Medicine,"  3rd  edit.,  pp.  536-557. 

t  See  his  "Treatise  on  Nervous  Diseases,"  p.  307.  , , 

%  See  a  collection  of  these  cases,  directly  obtained  from  British  officers  who  had 


political  agent  at  the  Court  of  Kunjeet  Singh),  me  rHKeer  wiis  uui™  .u  «  :cet 

cell,  under  strict  guardianship,  for  six  weeks;  the  body  had  been  twice  dug  up.  by  l™  i 
Singh  during  the  period  of  interment,  and  had  been  found  in  the  same  position  as  w 
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.iot  only  be  voluntarily  reduced  to  a  state  resembling  profound  collapse, 
q  which  there  appears  to  be  nearly  a  complete  suspension  of  all  its  vital 
operations,  but  may  continue  in  that  condition  for  some  days  or  even 
.veeks,  until,  in  fact,  means  are  taken  to  produce  resuscitation. — Another 
brni  of  apparent  death,  the  existence  of  which  appears  to  be  well- 
uithenticated,  is  that  sometimes  designated  as  '  Trance'  or  '  Catalepsy,' 
n  which  there  is  a  reduction  of  all  the  Organic  Functions  to  an  ex- 
:  reinely  low  ebb,  but  in  which  Consciousness  is  still  preserved,  whilst 
he  power  of  voluntary  movement  is  suspended ;  so  that  the  patient, 
hough  fully  aware  of  all  that  is  being  said  and  done  around,  is  unable 
d  make  the  least  visible  or  audible  sign  of  life.*  It  is  impossible,  in  the 
resent  state  of  our  knowledge,  to  give  any  satisfactory  account  of  these 
fcates ;  but  some  light  appears  to  be  thrown  upon  them  by  certain  phe- 
omena  of  artificial  somnambulism,  'hypnotic'  or  'mesmeric'  (§  593); 
>r  in  this  condition,  there  is  sometimes  an  extraordinary  retardation  of 
le  respiratory  movements  and  of  the  pulsations  of  the  heart,  which 
carried  further,  would  produce  a  state  of  complete  collapse;  and  its 
l:lf-induction  is  suspected  by  Mr.  Braid  to  be  the  secret  of  the  perfor- 
mance of  the  Indian  Fakeers  just  referred-to. 

!  898.  The  signs  by  which  real  is  certainly  distinguishable  from  apparent 
heath,  are  not  numerous,  a  large  proportion  of  those  commonly  relied-on 
jlising  fallacious ;  but  they  are  conclusive. — In  the  first  place,  it  is  to 
|1  i  remarked  that  no  reliance  is  to  be  placed,  for  the  reasons  already 
iltentioned,  upon  the  apparent  cessation  of  the  Heart's  action  and  of  the 
•  Inspiratory  movements ;  since  the  reduction  of  these  to  so  low  a  condition 
\  lut  they  are  no  longer  distinguishable,  is  by  no  means  incompatible  with 
|jt-3  persistence  of  vitality.  A  surer  test,  however,  is  afforded  by  the  con- 
i  l  ion  of  the  Muscular  substance  ;  for  this  gradually  loses  its  irritability 
aloer  real  Death,  so  that  it  can  no  longer  be  excited  to  contraction  by 
i  ctrical  or  any  other  kind  of  stimulation  ;  and  the  loss  of  irritability  is 
I.  needed  by  the  appearance  of  cadaveric  rigidity.  So  long,  then,  as  the 
fell  '.sole  retains  its  irritability  and  remains  free  from  rigidity,  so  long  we 
1 1  y  say  with  certainty  that  it  is  not  dead ;  and  the  persistence  of  its 
Blaality  for  an  unusual  period  affords  a  presumption  in  favour  of  the 
jliitinuance  of  some  degree  of  vital  action  in  the  body  generally;  whilst, 

si ;  buried. — In  another  case,  narrated  by  Lieut.  Boilean,  in  his  " Narrative  of  a 
llrrney  in  Bajwarra,  in  1835,"  the  man  had  been  buried  for  ten  days,  in  a  grave  lined 
via  masonry  and  covered  with  large  slabs  of  stone,  and  strictly  guarded ;  and  ho 
)  lured  Lieut.  B.  that  he  was  ready  to  submit  to  an  interment  of  a  twelvemonth's 
♦  tition,  if  desired.— In  a  third  case,  narrated  by  Mr.  Braid,  the  trial  was  made  under 
|  direct  superintendence  of  a  British  officer,  a  period  of  nine  days  having  been  stipu- 
llid-for  on  the  part  of  the  devotee  ;  but  this  was  shortened  to  three  at  the  desire  of  the 
;  I  ;er,  who  feared  lest  he  should  incur  blame  if  the  result  was  fatal.— The  appearance 
llae  body  when  first  disinterred,  is  described  in  all  instances  as  having  been  quite 
ll-se-like,  and  no  pulsation  could  be  detected  at  the  heart  or  in  the  arteries  ;  the 
>  |  ns  of  restoration  employed  were  chiefly  warmth  to  the  vertex,  and  friction  to  the 
|l  i  and  limbs.— It  may  be  remarked  that  the  possibility  of  the  protraction  of  such  a 
*li  (supposing  that  no  deception  vitiates  the  authenticity  of  the  narratives  rcforred- 
fckan  be  much  better  comprehended  as  occurring  in  India,  than  as  taking-place  m 
v\  countrv  ;  since  the  warmth  of  the  tropical  atmosphere  and  soil  would  prevent  any 
[|  U8  loss"  of  heat,  such  as  must  soon  occur  in  a  colder  climate,  when  tho  processes 
» '  eby  it  is  generated  are  brought  to  a  stand.  . 
/-Several  such  cases  are  recorded  in  Dr.  H.  Mayo's  "  Letters  on  tho  1  ruths  contained 
|  >pular  Superstitions,"  and  also  by  Mr.  Braid,  Op.  cit. 
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on  the  other  hand,  the  entire  loss  of  irritability,  and  the  supervention  of 
rigidity,  afford  conclusive  evidence  that  death  has  occurred.  The  most 
satisfactory  proof,  however,  is  given  by  the  occurrence  of  putrefaction ; 
this  usually  first  manifests  itself  in  the  blue-green  coloration  of  the  cuta- 
neous surface,  especially  the  abdominal ;  but  it  speedily  becomes  apparent 
in  other  parts,  its  rate  being  usually  in  some  degree  of  accordance  with 
the  external  temperature,  though  also  much  influenced  by  the  previous 
condition  of  the  solids  and  fluids  of  the  body,  these  having  been  some- 
times left  by  diseased  actions  in  a  state  that  renders  them  peculiarly 
prone  to  disintegration  (§  77). 

899.  With  the  final  restoration  of  the  components  of  the  Human 
Organism  to  the  Inorganic  Universe,  in  those  very  forms  (or  nearly  so) 
in  which  they  were  first  withdrawn  from  it,  the  Corporeal  Life  of  Man, 
of  which  it  has  been  the  object  of  the  foregoing  Treatise  to  sketch  the 
leading  features,  comes  to  a  final  close.  But  the  Death  of  the  Body  is 
but  the  commencement  of  a  new  Life  of  the  Soul;  in  which  (as  the  reli- 
gious physiologist  delights  to  believe)  all  that  is  pure  and  noble  in  Man's 
nature  will  be  refined,  elevated,  and  progressively  advanced  towards  per- 
fection ;  whilst  all  that  is  carnal,  selfish,  and  degrading,  will  be  eliminated 
by  the  purifying  processes  to  which  each  individual  must  be  subjected, 
before  Sin  can  be  entirely  subjugated,  and  Death  can  be  completely 
"swallowed  up  of  Victory." 


Note  on  Mr.  Sorby' s  Spectrum  Analysis  of  the  Blood. 


In  addition  to  the  observations  made  in  the  text,  it  may  be  remarked 
;hat  the  scale  of  measurement  adopted  by  Mr.  Sorby  is  obtained  by 
neans  of  two  small  Nicol's  prisms  and  an  intermediate  plate  of  quartz. 
Mr  Sorby  observes  in  his  paper,  contained  in  the  "Proceedings  of  the 
>foyal  Society"  for  1867,  that  if  white  light  passing  through  two  such 
:)risms  without  the  plate  of  quartz  be  examined  with  the  spectrum  mi- 
: ■  roscope,  it  of  course  gives  an  ordinary  continuous  spectrum,  but  if  a 
.hick  plate  of  quartz  or  selenite  be  placed  between  the  prisms,  with  the 

xis  at  45°  to  the  plane  of  polarization,  though  no  difference  can  be 
>.  een  in  the  light  with  the  naked  eye  the  spectrum  is  entirely  changed. 

^he  light  is  still  white,  but  it  is  made  up  of  alternate  black  and  coloured 

ands,  evenly  distributed  over  the  whole  spectrum.  The  number  of 
these  depends  upon  the  thickness  of  the  depolarizing  plate,  so  that  we 
may  have  if  we  please  almost  innumerable  fine  black  lines,  or  fewer 
rroader  bands,  black  in  the  centre  and  shaded  off  at  each  side.  Hence, 
p  the  number  of  divisions  depends  on  the  thickness  of  the  interference 

'ate,  it  became  necessary  to  determine  what  number  should  be  adopted. 

he  number  12  was  selected  for  the  number  of  divisions  purely  for  the 

.ke  of  convenience.  This  number  is  easily  counted,  and  the  sodium 
pae  D  comes  very  accurately  at  3^-.    The  centre  of  the  bands  is  black, 

id  they  are  shaded  off  gradually  at  each  side,  so  that  the  shaded  part 
about  equal  to  the  intermediate  bright  spaces.  Taking  then  the 
luntres  of  the  black  bands  as  1,  2,  3,  &c,  the  centres  of  the  bright 
paces  are  l£,  2£,  3£,  &c,  the  lower  edges  of  each  f,  If,  &c,  and  the 
ppper  1£,  2^,  &c.  We  can  easily  divide  these  quarters  into  eighths  by  the 
lee,  and  this  is  as  near  as  is  required,  corresponding  as  nearly  as  pos- 
l)ble  to  l-100th  part  of  the  whole  spectrum  visible  under  ordinary  cir- 
Inmstances  by  gaslight  and  daylight.  Absorption  bands  at  the  red  end 
*e  best  seen  by  lamplight,  and  those  at  the  blue  end  by  daylight.  On 

I  is  scale  the  position  of  some  of  the  principal  lines  of  the  solar  spectrum 
about  as  follows: — 

A  ...  |  B  ...  14  C  .  .  .  2|  D  ...  34 
E  .    .    .  b  .    .    .  6^       F  ...  74         G  ...  101 

PMr.  Sorby  further  remarks,  that  in  order  to  describe  spectra  he  has 

I I  vised  a  simple  notation,  employing  types  in  constant  use,  by  which  it 
leasy  to  give  in  a  single  line  all  the  essential  particulars  that  would 

I  lerwise  require  a  long  and  tedious  description,  or  a  number  of  draw- 
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ings  and  woodcuts.  The  intensity  of  the  absorption  is  expressed  by 
the  following  types  : — 

Not  at  all  shaded   Blank  space. 

Very  slightly  shaded   ...  Dots  with  wide  space. 

Decidedly  shaded     Dots  closer  together. 

More  shaded     Very  close  dots. 

Strongly  shaded,  but  so  that  a  trace  )  m.      i     ,  , 

of  colour  is  still  seen  f  '  "  "  Three  ^Ptens  close- 

Still  darker   —  Single  dash. 

Nearlyb  lack     Double  dash. 

Except  when  specially  requisite,  only  the  symbols  .    .    .,  ,  — 

are  employed  for  the  sake  of  simplicity,  and  then  as  signs  of  their  rela- 
tive rather  than  of  the  absolute  amount  of  absorption,  and  it  is  assumed 
that  there  is  a  gradual  shading  off  from  one  tint  to  the  other,  unless  the 
contrary  is  expressed.  This  is  done  by  a  small  vertical  line  over  the 
figure,  which  shows  that  there  is  a  well  marked  division  between  them. 
Defiuite  narrow  absorption  bands  are  indicated  by  *  printed  over  their 
centre.  This  will  be  better  understood  by  a  description  of  the  spectrum 
of  deoxidized  Heematin. 

M 

£  *  _: 

a>  a> 

u  >  a 

§  %        M  2* 

«  h         9  Si 


-°  a  ^  CI  »  S 


o 


if  S  £  S  ^2 

S  £  fe  .3  &  -3^ 

^  »  ^3  .3  -2  2 

O  t>  O  3  U  O 


* 

4£— 5  54  .  .  .  6|         9  .  .  10  -  - 11— 

The  reader  will  now  be  enabled  to  understand  the  accompanying 
notation  of  the  figure  on  p.  207. 


1.  Sorby's  standard  spectrum. 

.    .    3|-4|  4f^-5f 

8.-9— 

.    .    3|—44         4|— 5f 

8.-9- 

.    .       3f  4|  *-  5i 

9 .  •  10- 

5.  Bloodstain  several  years  old  .    .    .    .    lg  . 

6.  Acid  solution  of  hsematin  14' 

7.  Ammoniacal  solution  of  hajmatin  . 

8.  Deoxidized  ammoniacal  htematin   .  . 
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functions  of,  570. 
^Accommodation  of  the  Eye,  phenomena 

accompanying,  691  ;  action  of  ciliary 

muscle   in,   692  ;  time  required  for, 

693. 

sAcidity  of  Gastric  Juice,  cause  of,  124. 

|  of  Urine,  causes  of,  466. 

AAconitina,  action  of,  on  htart,  273  note. 

Acoustics,  theory  of,  723. 

Adaptation  of  the  Eye  to  objects  at 

different  distances,  691-693. 
Adipose  tissue,  structure  of,  41  ;  uses 

of,  41. 

I  Vdhesion,  reparation  of  wounds  by,  405  ; 

secondary,  406. 
\ \dole8cence,  characteristics  of,  972. 
KEsthesodic  substance,  575. 
Afferent  nerve-fibres,  506,  519,  525. 
African  Races,  952-956. 

o 


After  sensations,  673,  683,  714. 

Aye,  influence  of,  on  composition  of  blood, 
218  ;  on  rate  of  pulse,  275  ;  on  excre- 
tion of  carbonic  acid,  341  ;  on  nutritive 
activity,  396  ;  on  excretion  of  urea, 
454  ;  on  power  of  calorification,  495  ; 
on  rate  of  growth,  910  ;  on  rate  of  mor- 
tality, 909  ;  on  demand  for  food,  968. 

Ages,  different,  characteristics  of,  961- 
963  ;  fcetal  life,  963-965  ;  infancy, 
965-967  ;  childhood,  967-972;  youth, 
972  ;  adolescence,  973-976  ;  maturity, 
976,  977  ;  decline,  977,  978 ;  old  age, 
979. 

Agraphia,  647. 

Air,  composition  of,  338  note;  effects  of 
rarefaction  of,  on  Man,  340  ;  altera- 
tions in,  by  Respiration,  338  (see 
Respiration)  ;  effects  of  breathing 
impure,  353-367. 

Air-cells  of  the  Lungs,  317. 

Air- sacs  of  the  Lungs,  316,  317. 

Albinoism,  931. 

Albumen,  feeble  dialysing  power  of,  164  ; 
assimilation  of,  125,  135,  139;  normal 
proportion  of,  in  Blood,  56,  216  ;  varia- 
tions of,  in  disease,  231  ;  uses  of,  73, 
384;  transudation  of,  414,  448;  con- 
version of,  into  fat,  386. 

Albuminose,  126  ;  bee  Peptone. 

Albuminous  constituents  of  food,  73,  78; 
importance  of  admixture  of,  with  oil 
and  starch,  78  ;  digestion  of,  125, 126, 
135, 139  ;  influence  of,  on  excretion  of 
urea,  81,  384,  385, 455,  457 ;  metamor- 
phosis of,  in  the  body,  384. 

Albuminuria,  449. 

Alcohol,  injurious  results  of  habitual  use 
of,  88-90  ;  rapid  absorption  of,  160  ; 
its  tendency  to  produce  fatty  degenera- 
tion, 395  ;  on  kidney,  469  ;  use  of,  in 
fever,  488. 

Alcoholic  fermentation,  influence  of  gas- 
tric juice  upon,  131. 

Alfourou  Race,  959. 

Aliment,  71,  see  Food. 

Alimentary  Canal,  development  of,  873, 
884. 
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Alkalies,  effect  of,  on  urine,  470. 
Alkaline    Phosphates,  in   blood,  217, 
387  ;  in  urine,  464,  465,  467. 

 Sulphates,  in  urine,  464. 

Alkalinity  of  Blood,  importance  of,  387. 

  of  Urine,  causes  of,  467. 

Allantoin,  G3. 

Allantois,  development  and  uses  of, 
878. 

American  Race,  956. 
Amnion,  development  of,  872  ;  liquor  of, 
879. 

Amphioxus,  nervous  system  of,  514. 
Amylaceous   substances,    digestion  of, 
72,  139. 

Amyloid  substance  of  the  liver,  436  ; 

see  Glycogcny. 
Analgesia,  5S4. 

Andaman  Isles,  Mincopie  Race  of,  959 
note. 

Anemia,  state  of  blood  in,  220. 

Anelectrotonus,  537  ;  extrapolar  centri- 
fugal, 538;  extrapolar  centripetal,  533. 

Ancon  breed  of  sheep,  940  note. 

Animal  Heat,  478,  see  Heat,  Animal. 

Ar.tiaris  Toxicaria,  action  of,  on  Heart, 
273. 

Antiperistaltic  action,  nature  of,  104, 
105. 

Aorta,  development  of,  880. 
Aphasia,  647. 

Aphides,  multiplication  of,  5. 
Aplastic  Exudations,  417. 
Apoplexy,  predisposition  to,  229. 
Apparent  Death,  984-986. 
Apyrensemata,  202. 
Arab  Race,  948. 

Arciform  fibres  of  Medulla  Oblongata, 
553. 

Archencephala,  17. 
Area  Germinativa,  871. 

  Pellucida,  871. 

  Vascular,  872. 

Areolar  tissue,  37. 
Arian  Race,  946. 

Arrest  of  Development,  370  ;  of  circu- 
lating apparatus,  881  ;  of  sexual 
organs,  891  ;  of  the  sternum,  894  ; 
of  visceral  arcbes  of  face,  899. 

Arrow  Poison  of  Borneo,  action  of,  on 
beart,  273  note. 

Arsenic,  action  of,  on  heart,  273  note ; 
elimination  of,  from  body,  249. 

Arseniuretted  Hydrogen,  action  of,  on 
Blood,  352. 

Arterial  Blood,  differential  characters  of, 
220-226 ;  cause  of  colour  of,  225 ; 
absence  of,  a  cause  of  muscular  con- 
traction, 262,  762. 

 System,  first  development  of,  874- 

877  ;  subsequent  changes  in,  880-884. 

Arteries,  movement  of  Blood  in,  278- 
294 ;  diameter  of,  283 ;  properties  of 


coats  of,  279 ;  irritability  of,  279  ;  in- 
fluence of  chemical  and  other  stimuli 
upon,  279  ;  influence  of  nerveB 
upon,  280  ;  tonicity  of,  281  ;  elasti- 
city of,  283  ;  pulsation  of,  283-287  ; 
lateral  pressure  of  blood  in,  287,  288  • 
rate  of  movement  of  blood  in,  291. 

Arthritic  diathesis,  81. 

Articulate  Sounds,  production  of,  794_ 
798 ;  vowels,  723,  724,  795,  796  ;  con- 
sonants,  796,  797. 

Arytenoid  Cartilages,  782,  783  ;  move- 
ments of,  783-786. 

Asphyxia,  pathology  of,  353-357;  in 
relation  to  capillary  circulation,  302, 
303  ;  death  by,  353-356,  982,  983  ; 
imperfect  closure  of  tricuspid  valve  in, 
266  ;  increased  pressure  within  sys- 
temic arteries  in,  303  ;  gases  contained 
in  the  blood  in,  356  ;  length  of  time 
required  to  produce  fatal,  354. 

 Cutaneous,  476,  488,  489. 

Assimilation,  171  ;  performed  by  Liver, 
430,  431 ;  by  Absorbent  system,  175, 
180  ;  by  Vascular  glands,  192,  227. 

Associated  movements,  766,  767,  773. 

Asthenia,  death  by,  981,  982. 

Asthma,  spasmodic,  contraction  of  bron- 
chial tubes  in,  319. 

Astigmatism,  688. 

Atavism,  861. 

Atlantidse,  948. 

Atmograph,  tracing  of  Marey's,  322. 
Atrophy,  400-403. 

Atropine,  action  of,  on  heart,  273  note; 
effect  of  solution  of,  on  the  Eye,  695. 

Attention,  effect  of,  on  acuteness  of 
Touch,  676,  677  ;  on  Taste,  681-683  ; 
on  Smell,  686,  687  ;  on  VisioD,  721  ; 
on  Hearing,  735. 

 Expectant,    production  of 

Movements  by,  808  ;  influence  of,  on 
Organic  functions,  816,  817. 

Auditory  Ganglia,  556,  594. 

 Nerves,  599  ;  ultimate  dis- 
tribution of,  724-726  ;  effects  of  sec- 
tion of,  603. 

Automatic  activity  of  Spinal  Cord,  590- 
592  ;  of  Sensory  Ganglia,  608-^11- 

Axile  bodies,  of  tactile  papilUe,  667-oW. 

Axis,  Spinal,  543-561. 

Azygos  Veins,  881. 

BALANCE  of  vital  economy,  374-391; 
see  Vital  Economy. 
Baltimore,  Cholera  at  361. 
Barium,  action  of  salts  of,  on  heart, 

note.  .  oai 

Barrackpore,  mortality  of  troops  at,  0°*- 

Basque  Race,  947. 
Beer,  as  a  beverage,  88. 
Bellary,  Cholera  at,  361. 


INDEX  OF 

Berber  Race,  949. 

Bile,  secretion  of,  by  hepatic  cells,  430  ; 
from  venous  blood,  428,  433  ;  excre- 
mentitious  character  of,  421,  435 ; 
partly  formed  from  products  of  disin- 
tegration, 434  ;  partly  from  newly- 
absorbed  materials,  435  ;  its  relation 
to  albuminous  compounds,  435  ;  vica- 
rious secretion  of,  424  ;  composition 
of,  431,  432  ;  quantity  of,  144  ;  its 
uses  in  digestion,  142,  143  ;  aids  the 
absorption  of  fat,  142  ;  antiseptic  pro- 
perties of,  143  ;  its  re-absorption  from 
intestine,  151,  382,  434 ;  origin  of  chief 
constituents  of,  434  ;  its  presence  in 
fseces,  151,  434  note. 
3ile-pigment,    432 ;    its  passage  into 

urine,  424. 
Biliary  cells,  429. 

 resin,  431. 

Bilifulvine,  432. 
Jiliverdine,  432. 
Blastodermic  Membrane,  867. 

 Vesicle,  871. 

Ulind  persons,  acuteness  of  touch  in, 
€76  ;  improvement  of  hearing  in,  735. 
Blood,  general  character  and  purposes 
of,  194  ;  quantity  of,  196  ;  urea  in, 
196,  228  ;  temperature  of,  in  various 
parts,  198  ;  crystals  of,  204,  205  ; 
spectrum  analysis  of,  206-209  ; 
pneumatology  of,  221-223. 
Composition  of,  in  Health,  215-220  ; 
modification  of,  by  age,  218 ;  by 
sex,  218  ;  by  food  and  drink,  219  ; 
by  loss  of  blood,  220  ;  differences  of 
Arterial  and  Venous,  220-226; 
peculiarities  of  portal  blood,  226  ; 
of  mesenteric  blood,  226  ;  of  splenic 
blood,  193,  227  ;  of  hepatic  vein, 
227  ;  of  renal  vein,  228. 
Composition  of,  in  Disease,  228-233 ; 
increase  of  fibrin,  228,  229  ;  diminu- 
tion of  fibrin,  229  ;  increase  of  red 
corpuscles,  230  ;  diminution  of  red 
corpuscles,  230  ;  increase  of  colour- 
less corpuscles,  231  ;  diminution  of 
albumen,  231 ;  increase  of  fatty 
matter,  232  ;  altered  proportion  of 
Halts,  232  ;  of  water,  233  ;  presence 
of  poisons  in,  233,  245,  248, 
258. 

Corpuscles  of,  Red ;  form,  Bize,  and 
aspect  of,  199  ;  composition  of,  203; 
influence  of  reagents  on,  202,  208  ; 
tendency  to  aggregation  of,  209 ; 
production  and  disintegration  of, 
212  ;  embryonic  development  of, 
213 ;  subsequent  development  of, 
from  lymph  corpuscles,  214;  change 
of  colour  in,  by  respiration,  225  ; 
their  uses,  243 ;  variations  in 
amount  of,  in  disease,  230  ;  mutual 
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attraction  of,  in  coagulation,  234, 
241  ;  adhesion  of,  to  walls  of  vessels, 
302. 

Corpuscles  of,  Colourless;  form,  size, 
and  aspect  of,  209  ;  peculiar  move- 
ments of,  in  capillaries,  210,  211  ; 
change  of  form  of,  211  ;  numerical 
proportion  of,  to  red,  21 1  ;  develop- 
ment of,  into  red,  214  ;  their  uses, 
244 ;  their  variations  in  number, 
211,  229  ;  multiplication  of,  in  dis- 
ease, 231. 
Pressure  of,  against  arteries,  287-291. 
Properties  of,  Physical,  197. 
Properties  of,  Vital,  233  ;  coagulation 
of  (see  Coagulation),  234-243  ;  uses 
of  fibrin  of,  243 ;  uses  of  corpuscles 
of,  243,  244  ;  uses  of  albumen  of, 
384 ;  uses  of  fatty  matter  of,  385  ; 
uses  of  inorganic  components  of, 
387 ;  purification  of,  by  excretory 
processes,  387  ;  composition  of,  de- 
termines modes  of  nutrition,  246- 
250,  367 ;  Life  of,  248-258  ;  self- 
maintaining  power  of,    245-248  ; 
elimination  of  poisons  from,  248- 
250 ;  contamination  of,  by  morbid 
poisons,  250-258. 
Rate  of  Propulsion  of,  by  heart,  291  ; 
rate    of    movement  of,  through 
arteries,  292  ;  through  capillaries, 
298  ;  through  veins,  306. 
Blood-vessels,  Absorption  by,  from  ali- 
mentary canal,  160;   from  body  in 
general,  166  ;  influence  of  state  of,  on 
coagulation  of  contained  blood,  238, 
239  ;  see  Arteries,  Capillaries,  Veins. 
Blood-relations,  effects  of  marriage  of, 
862. 

Bone,  structure  and  growth  of,  44-49  ; 
degeneration  and  regeneration  of,  392. 
Brachycephali,  945  note. 

Brain,  of  Man,  compared  with  that  of 
Apes,  29 ;  arrangement  of  convolu- 
tions of,  633 ;  see  Cerebrum,  Cere- 
bellum, and  Sensory  Ganglia. 

Branchial  Arches,  877. 

Bread,  bad  economy  of  exclusive  diet  of, 
76,  77. 

Breeds  of  Animals,  origination  of  new, 
940. 

Bright's  disease  of  Kidney,  448  ;  state  of 

blood  in,  231. 
Bromide  of  potassium,  action  of,  on  heart, 

273  note. 

Bronchial  tubes,  contractility  of,  318, 

319  ;  vessels,  318. 
Bronzing  of  the  Skin,  188. 
Brunner's  Glands,  140,  145. 
Buffy  Coat  of  blood,  241. 
Bulbus  arteriosus,  877. 
Bushmen,   of  Southern  Africa,  939- 

955. 
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CAFFETN,  action  of,  on  heart,  273  note. 
Calabar  bean,  action  of,  on  heart, 
273  ;  effect  of  solution  of,  on  eye,  695. 
■Calcutta,  black  hole  of,  357. 
Calorifying  Power,  sources  of,  486-492  ; 

see  Heat. 
Cancerous  growths,  368  note,  419. 
Capacity  for  progress,  a  characteristic  of 
Man,  32. 

Capillaries,  structure  of,  294,  295 ;  dia- 
meter of,  296  ;  arrangement  of,  297  ; 
rate  of  movement  of  blood  through, 
298 ;  its  variations,  299 ;  its  inde- 
pendence of  heart's  action,  300  ;  its 
regulation  by  conditions  operating  in 
capillnries  themselves.  300-304 ;  in- 
fluence of  nervous  system  on,  305  ; 
influence  of  shock  on,  305. 

Caput  cornu  of  the  grey  substance  of  the 
spinal  cord,  structure  of,  545. 

Caramel,  68. 

Carbolic  Acid,  employment  of,  as  a 
dressing  for  wounds,  407. 

Carbonic  Acid  and  oxide  gases,  action  of, 
on  heart,  273  note. 

Carbonic  Acid,  in  Blood,  221-223  ; 
sources  of  production  of,  in  system, 
313-315;  its  exchange  for  oxygen  in 
respiration,  339  ;  circumstances  affect- 
ing quantity  generated,  340-346  ;  ex- 
trication of,  from  skin,  347-349  ;  elimi- 
nation of,  in  atmosphere  of  nitrogen  or 
hydrogen.  349 

Cardiac  plexus  of  Sympathetic,  801. 

Cardiometer,  290. 

Carnivorous  animals,  excretions  of,  382. 
Carroval,  action  of  poison  of,  on  heart, 
273. 

Cartilage,  structure  and  growth  of,  42- 
44. 

Casein  of  Milk,  57,  918. 

Castration,  influence  of,  on  growth  of  hair 
and  horns,  247. 

Catalepsy,  cases  of,  985. 

Cathelectrotonus,  536  ;  extrapolar  cen- 
tripetal, 537  ;  extrapolar  centrifugal, 
538. 

Caucasian  Race,  945  ;  variety  of  colour 
in,  932. 

Cells,  structure  and  mode  of  increase  of, 
34,  35. 

 pavement,  36. 

  cylindrical,  36. 

 spheroidal,  36. 

■  pigment,  36,  37. 

  nerve,  503-505. 

Celtic  Race,  947. 

Cephalic  Ganglia  of  Invertebrata,  507, 
508. 

 Nerves,  general  character  and 

relations  of,  571,  572. 
Cerebellum,  peculiar  to  Vertebrata,  515; 

structure  and  relations  of,  619  ;  relative 


development  of,  in  different  anima'g, 
620  ;  results  of  experiments  on,  621 '; 
pathological  phenomena  of,  623 ;  func- 
tions of,  624-631. 

Cerebro-spinal  fluid,  640. 

Cerebrospinal  System,  see  Nervous  Sys- 
tem, Cerebellum,  Cerebrum,  Medulla 
Oblongata,  Scnsoi-y  Ganglia,  Spinal 
Cord. 

Cerebrum,  peculiar  to  Vertebrata,  514, 
631,  632  ;  arrangement  of  convolu- 
tions of,  663  ;  structure  of,  634 ;  its 
inferiority  in  lower  Vertebrata,  632 ; 
its  relative  size  in  different  animals, 
638,  639  ;  its  vast  predominance  in 
Man,  631-  636  ;  variations  of  size 
in  him,  638,  639  ;  its  structure, 
634  ;  cortical  substance,  634  ;  me- 
dullary substance,  635  ;  its  radiat- 
ing fibres,  635,  636  ;  its  commis- 
sures, 637  ;  its  weight,  638  ;  its 
supply  of  blood,  639,  640 ;  lym- 
phatics of,  640  note;  development 
of,  900-902. 
Functions  of,  641-649  ;  its  relation  to 
Intelligence  as  contrasted  with  In- 
stinct, 641 ;  effects  of  its  removal, 
601,  645  ;  information  deducible 
from  its  pathology,  646  ;  its  func- 
tional connection  wifli  Sensory  Gan- 
glia, 648. 

Cervix  cornu  of  the  grey  substance  of  the 

spinal  cord,  545. 
Chalaza?,  829. 

Change  of  matter  required  for  ^perfor- 
mance of  Organic  functions,  374-396. 

Childhood,  characteristics  of,  965-972 ; 
diseases  of,  967. 

Chimpanzee,  comparison  of,  with  Man, 
1 9_29. 

Chloride  of  Sodium  in  blood,  217  ;  in 
urine,  460,  465. 

Chloroform,  action  of,  on  heart,  W 
note.  . 

Chlorosis,  state  of  blood  in,  230  ;  treat- 
ment of,  230  note. 

Chorda  dorsalis,  892.  , 

Cholera,  state  of  blood  in,  229  ;  influence 
of  putrescent  food  in  developing,.8' 
note;  influence  of  imperfect  respira- 
tion in  developing,  360-363 ;  thirst  of, 
relieved  by  saline  injections,  9<$. _ 

Cholesterin,  70  ;  in  Bile,  432  ;  in  Blood, 

Cholic  Acid,  65  ;  Choleic  Acid,  431. 
Choline,  4i>2. 

Chondrin,  59.  ,  .  f.n. 

Chorda,  Vocales,  regulator i  of hew  ten 
sion,  782-784  ;  nature  of  their  action, 

Chor^formation  of,  843  ;  tufts  of, 
846. 

Chromatic  Aberration,  688. 
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hyle,  composition  of,  178  ;  microscopic 
characters  of,  177,  179  ;  assimilation 

i  of,  180  ;  quantity  of,  181. 

.ay  me,  formation  of,  by  digestive  pro- 

I  cess,  133-136. 

acatricula,  829. 

icatrization,  process  of,  405-409. 

liary  ganglion,  562,  803. 

 movement,  738. 

 muscle,  function  of,  692. 

nchonine,  action  of,  on  Heart,  273 
I  note. 

kkcdlation,  258  ;  general  plan  of,  258, 
259  ;  action  of  Heart  in,  259-268 
(see  Heart)  ;  action  of  Arteries  in, 
278-294  (see  Arteries) ;  action  of 
Capillaries  in,  294-305  (see  Capilla- 
ries) ;  action  of  Veins  in,  305-309 
(see  Veins). 

■  Peculiarity  of,  in  Cranium,  310,  640  ; 
in  Erectile  tissues,  311  ;  in  Liver, 
310  ;  in  Lungs,  309. 

I[n  Foetus,  early  type  of,   874-877  ; 
changes  in  plan  of,  878  882  ;  plan 
of,  in  mature  foetus,  882. 
'ilization,  influence  of,  on  form  of  skull, 

')37;  on  body  in  general,  938. 

i  tremont,  lead-poisoning  at,  88. 

»..aca,  888,  890. 

aagulable  Lymph,  effused  for  repara- 
tion, 405  ;  in  inflammation,  413,  415. 
ngulation  of  Blood,  234  ;  essentially 
Hue  to  solidification  of  fibrin,  234  ;  an 
u.ct  of  vitality,  238  ;  occasional  defi- 
ciency of,  234  ;  retardation  of,  237  ; 
thffect  of  external  influences  on,  236  ; 
influence  of  rest,  237;  influence  of 
warmth,  237  ;  effect  of  neutral  salts, 
!  38  ;  effect  of  exclusion  of  atmo- 
qphere,  237;  elimination  of  ammonia 
Luring,  238  ;  influence  of  depressed 
r  itality  or  death  of  vessels,  238  ;  in- 
!  .uence  of  admixture  of  dead  matter, 
1 139  ;  varying  proportions  of  serum  and 
I  lot,  240  ;  formation  of  buffy  coat  in, 

ml. 

:  :hlea,  structure  of,  725  ;  functions  of, 
33. 

phlear  nerve,  distribution  of,  724. 
iliac  ganglia,  effects  of  extirpation  of, 
ic32. 

p  fee,  composition  of,  91  ;  effects  of  use 
ff,  91,  469. 

ttion,  share  of  Male  in,  826  ;  of 
[  'emale,  835. 

hd,  influence  of,  on  tonicity  of  arteries, 
"82  ;  power  of  resisting,  variation  of, 

pith  age,  479  ;  power  of  generating, 
•97;  death  by,' 487,  983. 

liagen,  58. 

I  .oids,  properties  of,  55,  164. 
I'on,  use  of  sacculi  of,  109. 
I  osti  um,  917,  921. 


Colour  of  Blood,  changes  of,  225. 

—          of  Skin,  variation  of,  in  Man. 

931-933. 

Colours,  want  of  power  to  discriminate, 
717,  733;  production  of  complemen- 
tary, 715,  716  ;  modification  of,  by 
juxtaposition,  716. 

Colourless  corpuscles,  210  ;  see  Blood. 

Commissures  of  Cerebrum,  637. 

Complemental  Nutrition,  doctrine  of, 
247. 

Complementary  Colours,  716. 
Conception,  act  of,  852. 
Conduction  of  sonorous  vibrations,  726, 
727.  # 

Congestion,  predisposition  to,  230;  venous, 

causes  of,  308,  309. 
Conia,  action  of,  on  motor  nerves,  758. 
Connective  tissues,  33-53,  296. 
Consciousness,  seat  of,  in  Sensory  Gan- 
^  glia,  607,  645,  646. 
Constituents  of  body,  proportion  of,  to 

each  other,  374. 
Conversions  of  Relief,  713. 
Convolutions  of  Brain,  arrangement  of, 

633. 

Co-ordination  of  Movements,  the  proba- 
ble function  of  the  Cerebellum,  624 ; 
influence  of  habit  on,  765. 

Cord,  Spinal,  structure  of,  543-550  ; 
functions  of,  572-593;  see  Spinal 
Axis. 

Coronary  Arteries  of  Heart,  effects  of 

ligature  of,  261,  262. 
Corpora  Malpighiana,  of  Kidney,  443, 
446  ;  their  uses,  446,  447  ;  of  Spleen, 
184,  185  ;  uses  of,  193. 

 Olivaria,  551,  557. 

 Pyramidalia,  551. 

  Quadrigemina,  551,  594  ;  their 

functions,  602. 

  Kestiformia,  552. 

Striata,  594  ;  functions  of,  604- 


611 ;  connection  of,  with  Cerebrum, 
635,  636. 

Wolffiana,  887. 


Corpus  Callosum,  637  ;  cases  of  de- 
ficiency of,  638  note. 

  Dentatum,  555. 

  Luteum,  formation  of,  837-840. 

Corpuscles  of  Blood,  red,  199-209  ; 
white,  209  ;  see  Blood. 

 .   of  Chyle,    177-181  ;  their 

transformation  into  blood-corpuscles, 
181,  214. 

Correlation  of  force,  doctrine  of,  14  note. 

Coughing,  act  of,  280. 

Cranial  vertebrae,  896. 

Cranio-Spinal  Axis,  the  fundamental 
portion  of  the  Cerebro-Spinal  System, 
514;  development  of,  900;  see  Me- 
dulla Oblongata  and  Spinal  Cord. 

Cranium  of  Man,  compared  with  that  of 
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Apes,  21-25,  29,  30  ;  different  forms 
of,  934-937;  peculiarity  of  circulation 
in,  311,  640. 

Crassamentum,  186,  241  ;  proportion  of, 
to  serum,  240. 

Creatine  and  Creatinine,  60  ;  com- 
ponents of  blood,  217,  385  ;  of  urine, 
461. 

Critical  evacuations,  470. 

Crura  Cerebri,  motor  and  sensory  tracts 

of,  559,  560 ;   effects  of  section  of, 

605. 
Cruoriue,  207. 
Crying,  act  of,  332. 
Crystals  of  Blood,  204. 
Crystalloids,  properties  of,  164. 
Cur.ua,  its  effects  on  muscles,  758  ;  see 

Woorara. 
Cutaneous  Asphyxia,  476,  489. 

 Respiration,  346. 

 Transpiration,  472-476  ;  see 

Sudoriparous  Excretion. 
Cystine,  63. 

Cysts,  piliferous  and  dentigerous,  400. 


RALTONISM,  717. 

U  Deaf  and  Dumb,  612,  793. 

Death,  the  necessary  consummation  of 
Life,  962,  980 ;  somatic,  980-983  ; 
molecular,  983,984;  apparent  and 
real,  9S5  ;  signs  of,  985,  986. 

Decidua,  formation  of,  844-846  ;  its 
share  in  formation  of  placenta,  847. 

Decline,  period  of,  977. 

Defecation,  act  of,  111,  587. 

Degeneration,  continual,  of  living  tissues, 
370  ;  of  muscle,  391  ;  of  bone,  392, 
393  ;  of  teeth,  395  ;  increased  ten- 
dency to,  in  inflammation,  410 ;  of 
lymph  and  its  products,  414. 

 Calcareous,  978. 

 Fatty,  394  ;  favoured  by 

habitual  use  of  alcoholic  liquors,  89, 
90,  395  ;  tendency  to,  during  period 
of  decline,  977,  978 ;  of  Uterus,  394, 
854. 

Deglutition,  act  of,  101  ;  nerves  of, 
102. 

Dentition,  first,  51,  966  ;  second,  967. 

Depressor  nerve  of  Heart,  271. 

Determinations  of  Blood,  local,  causes 
of,  300,  301. 

Deutencephalon,  development  of,  901. 

Development,  a  source  of  demand  for  nu- 
trition, 369 ;  its  difference  from 
growth,  370;  arrest  of,  370,  881, 
891  ;  period  of,  963-966. 

Development  of  Embryo,  general  plan  of, 
865,  868;  earliest  stages  of,  868  ; 
segmentation  of  yolk,  869  ;  rotation 
of  yolk,  870  ;  formation  of  Blastoder- 
mic vesicle,  871 ;  foundation  of  Ver- 


tebral column  and  Nervous  centres 

871-  874  ;   development  of  Amnion,' 

872-  879  ;  first  appearance  of  Vessels, 

874  ;  Vitelline  vessels,  875  ;  Umbili- 
cal  vessels,  875 ;    Hepatic  vessels, 

875  ;  Ductus  venosus,  876  ;  Heart 
and  Arterial  system,  876-884  ;  Allan- 
tois,  878  ;  Venous  system,  881 ;  Ali- 
mentary canal,  884  ;  Liver,  884  ; 
Spleen  and  other  vascular  glands,  186, 
192  ;  Lungs,  886  ;  Urinary  organs, 
887,  888  ;  Generative  apparatus, 
888-892  ;  Mammary  gland,  914 ; 
Skeleton,  892-900  ;  Vertebral  column, 
892-894  ;  Skull,  896-900  ;  Nervous 
centres,  900-902  ;  Eye  and  Ear,  902- 
905  ;  organ  of  Smell,  905  ;  of  the  Ex- 
tremities, 906. 

Dichrotous  Pulse,  287. 

Diet,  Animal,  74,  76  ;  Vegetable,  76 ; 
mixed,  77  ;  of  trainers,  86  ;  different 
scales  of,  82,  83  ;  influence  of,  on 
composition  of  Blood,  220  ;  on  Respi- 
ration, 342  ;  on  Excretion  generally, 
3S0-383  ;  on  composition  of  Urine, 
455. 

Diet-scales,  various,  83. 
Digestion  : 
Buccal,  113-120. 

Gastric,  a  process  of  chemical  solution, 
133;  time  required  for,  133,  134; 
action  on  azotized  substances,  135  ; 
influence  of  various  conditions  on, 
136. 

Intestinal,  influence  of  pancreatic  fluid 
in,  137-142  ;  of  bile  in,  142-145  ; 
of  succus-entericus,  145-147 ;  its 
universal  efficacy,  146. 
Digitalis,  action  of,  on  heart,  273. 
Dingo,  Australian,  breeding    of,  940 
note. 

Direction  of  sounds,  judgment  of,  734. 
Direction,  visual  sense  of,  703-719- 

 Centre  of,  720. 

Discus  proligerus,  828. 
Disdiaclasts,  740  note. 
Disintegration  of  Tissues,  see  Degenera- 
tion. 

Distance,  adaptation  of  eye  to,  ^690-693; 
visual  appreciation  of,  706,  709,  710; 
auditory  appreciation  of,  734,  735. 

Diuretics,  effect  of,  on  urine,  470. 

Diurnal  Variation,  of  pulse,  277  ;  of  re- 
spiration, 344  ;  of  temperature,  480. 

Dolichocephali,  945. 

Dormant  Vitality,  2  note. 

Double  Monsters,  399,  963. 

Dreaming,  658-660.  . 

Dublin  Lying-in  Hospital,  mortality  in, 
365.  . 

Drink,  water  the  natural,  87;  influence 
of,  on  composition  of  blood,  i&  > 
effects  of  Alcoholic,  88,  89,  395. 
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Ductless  Glands,  structure  and  functions 
of,  183-192. 

Ductus  Arteriosus,  881,  883. 

 Cuvieri,  881. 

 Venosus,  882,  883. 

Duration,  relative,  of  different  parts  of 
the  Organism,  391 ;  of  after  sensa- 
tions, 673-683,  687,  714-723. 

Duverney's  Glands,  836  note. 

Dyspnoea,  causes  of,  327. 

EAR,  external,   733  ;   internal,   725 ; 
development  of,  904-905  ;  see  Sear- 
ing, Organ  of. 
Earthy  Phosphates  in  urine,  452,  453, 
465. 

Economy,  balance  of  vital,  374  ;  see 
Vital  Economy. 

Effective  energy  of  various  compounds 
when  consumed  in  the  body,  389. 

Efferent  nerve-fibres,  504,  519,  522. 

Egesta,  chemical  composition  of,  for  one 
day,  76,  77,  376  ;  relative  proportion 
of,  discharged  by  different  excretory 
organs,  377-384. 

Ejaculatio   Seminis,  826 ;  its  indepen- 
dence of  sensation,  587,  590. 
i  Elastic  Tissue,  40. 

I  Elasticity  of  Arteries,  283;  of  Veins, 
306  ;  of  Lungs,  319 ;  of  walls  of 
Chest,  323  ;  of  Muscular  Tissue,  747. 

i Election,  seats  of,  245. 

\iElectricity,  Evolution  of,  in  living  body, 
500-502  ;  connection  of,  with  nutri- 
tive and  secretory  operations,  500 ; 
Muscular  current  of,  748  ;  disturbance 
of,  in  muscular  contraction,  749 ; 
Nervous  current  of,  532  ;  disturbance 
of,  in  nervous  action,  534. 

I  Influence  of,  on  coagulation  of 

blood,  236 ;  on  arteries,  280  ;  on 
niesocephale,  606  ;  on  nerves  of  special 
sense,  667. 

[JEmbryo,  development  of,  see  Develop- 
ment. 

jpmbryonic  life,  peculiarities  of,  963, 
964. 

JSmmetropia,  693. 

w.  Amotions,  excitation  of,  by  muscular  sug- 
gestion, 662  ;  their  action  on  organic 
functions,  807,  808  ;  influence  of,  on 
stammering,  800. 

f^ndosmometer,  161. 

wflnteric  fluid,  digestive  power  of,  145, 
146. 

|tjpencephalon,  development  of,  901. 
I  Ipidemic  Diseases,  predisposition  to,  in 
\  state  of  Blood,  251  ;  from  putrescent 

food,  86  ;  from  putrescent  water,  87  ; 

from  alcoholic  liquors,  88  ;  from  starva- 
•  tiorj,  96  :  from  insufficient  respiration, 
6|:360. 
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Epithelial  cells  of  Skin,  serous  and  mu- 
cous membranes,  35;  of  Villi,  155, 
158  note. 

 tissues,  exuviation  and  replace- 
ment of,  391-403. 

Epithelium,  35. 

  ciliated,  36. 

 cylindrical,  36. 

 spheroidal,  36. 

 tesselated,  36. 

Erectile  tissues,  circulation  in,  311. 

Erection,  nerves  influencing,  311. 

Erect  Vision,  cause  of,  703. 

Esquimaux  Eace,  956,  957  ;  pyramidal 
skull  of,  935,  936. 

Ethiopian  Race,  952. 

European  Nations,  946-949. 

Euskarian  Language,  947. 

Eustachian  Tube,  functions  of,  730. 

 Valve,  uses  of,  883. 

Excito-Motor  Actions  of  Spinal  Axis, 
578,  585  ;  their  independence  of  sen- 
sation, 578,  583  ;  their  adaptive  cha- 
racter, 584  ;  their  relation  to  the 
Organic  functions,  586-588  ;  their 
subservience  to  locomotion,  590  ;  their 
establishment  by  habit,  591. 

Excretion,  general  nature  of,  420  ; 
sources  of  demand  for,  421  ;  statics  of, 
420-425;  complementary  relation  of 
different  modes  of,  421,  422  ;  vicarious 
forms  of,  422. 

Excretion,  composition  of,  149. 

Exercise,  influence  of,  on  excretion  of 
carbonic  acid,  343  ;  on  composition  of 
urine,  456  ;  on  temperature  of  body, 
481. 

Exhalation   of  aqueous   vapour,  from 

Lungs,  347  ;  from  Skin,  473  ;  frigori- 

fic  effect  of,  498. 
Exhaustion,  Death  by,  causes  of,  488, 

981,  982. 
Expectant  Attention,  808. 
Expiration,  movements  of,   323,   324 ; 

force  required  for,  323. 
Externality,  elementary  notion  of,  618, 

619. 

Extractive  of  Blood,  217;  of  Urine, 
452. 

Extra-uterine  fcetation,  840,  855. 

Exudations,  reparative,  404  ;  inflamma- 
tory, 405-408. 

Exuviation  of  effete  Tissues,  391,  395. 

Eye,  optical  structure  of,  690-700 ;  adap- 
tation of  to  distances,  690-694  ;  ner- 
vous organization  of,  see  Retina ;  use 
of,  in  Vision,  see  Vision;  development 
of,  902. 

Eyes,  convergence  of  axes  of,  in  object, 
643,  644,  693,  694 ;  movements  of, 
directed  by  visual  sense,  611-613 ; 
relation  of  Will  to,  616  ;  harmony  and 
symmetry  of,  769-774. 
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TIACIAL  Angle  of  Man  and  Apes, 
1  25. 

Nerve,  556,  557,  564,  599. 


Faeces,  composition  of,  148-150;  source 
of  their  peculiar  constituents,  151 ; 
expulsion  of,  111,  587;  fatty  matter 
in,  149  ;  average  daily  quantity  of, 
149. 

Fakeers,  Indian,  apparent  death  of,  984, 
985. 

Fallopian  Tubes,  development  of,  888  ; 
passage  of  spermatozoa  through,  836  ; 
passage  of  ova  through,  829,  840 ; 
formation  of  chorion  in,  842. 

Falsetto  Voice,  nature  of,  791. 

Farinaceous  constituents  of  food,  see 
Starch ;  importance  of,  in  production 
of  muscular  force,  390. 

Faroese  islanders,  diet  of,  87. 

Fat,  in  Blood,  216  ;  uses  of,  385,  386  ; 
increase  of,  in  disease,  231,  232 ;  in  old 
age,  977,  978  ;  in  Chyme,  emulsifica- 
tion  of,  139  ;  in  Faeces,  149  ;  produc- 
tion of,  in  Liver,  430  ;  effects  of,  when 
taken  with  meat,  381  ;  production  of, 
from  starch,  386 ;  from  albumen, 
385  ;  proportion  of,  in  brain,  386  ;  in 
nerves,  386 ;  in  muscles,  386 ;  in 
meat,  78  ;  in  adipose  tissue,  386 ;  pro- 
tective influence  of,  over  other  tissues, 
381. 

Fecundation,  act  of,  841  ;  seat  of, 
840. 

Female,  physiological  peculiarities  of, 
see  Sexes ;  mental  constitution  of,  911  ; 
length  and  weight  of,  at  birth,  907, 
908  ;  subsequent  increase  of,  910  ; 
viability  of,  909  ;  puberty  of,  832  ;  in- 
fluence of,  on  progeny,  860-865  ;  on 
sex,  907  ;  share  of,  in  Generation,  see 
Generation. 

Fenestra  ovalis  and  rotunda,  731. 

Fermentation,  Alcoholic  and  Lactic,  in- 
fluence of  gastric  juice  upon,  131. 

Fever,  alterations  of  blood  in,  229  ; 
sources  of  predisposition  to,  251  ; 
mortality  from,  362. 

Fibrin  of  Blood,  artificial  formation  of, 
56  ;  digestion  of,  125,  126  ;  normal 
proportion  of,  217,  229 ;  increased 
proportion  of,  in  arterial  blood,  224  : 
in  splenic  vein,  227  ;  augmentation  of, 
in  inflammation,  229  ;  diminution  of, 
in  adynamic  diseases,  229  ;  its  co- 
agulation, 234  (see  Coagulation)  ; 
its  uses,  234,  235, 

 of  Chyle,  178,  179. 

 of  Lymph,  177. 

Fibrinous  effusions  of  Inflammation,  113  ; 
conservative  nature  of,  417. 

Fibrinogenous  substance,  242. 

Fibrino-plastic  substance,  242. 

Fibrous  tissue,  37-40. 


Fifth  pair  of  Nerves,  origin  of,  557 ;  dis- 
tribution and  functions  of,  561 ;  its 
action  in  mastication,  100  ;  in  deglu- 
tition, 103 ;  influence  on  salivary 
secretion,  117;  in  respiration,  327  ; 
its  agency  in  taste,  562-566,  678  ; 
in  smell,  685,  599. 

Filiform  papillae  of  tongue,  680. 

Finnish  Race,  950. 

Fish,  Brain  of,  compared  with  Man's,  514. 

Flute-pipes,  laws  of,  787. 

Foetus,  circulation  in,  882,  883 ; 
mode  of  determining  age  of,  964  ; 
nature  of  life  of,  962  ;  size  and  weight 
of,  at  birth,  910 ;  development  of 
organs  in  (see  Development). 

Food,  the  primary  source  of  neuro- 
muscular energy,  15;  classification  of 
components  ot)  72,  91 ;  sacchaviue 
oleaginous  constituents  of,  78,  79 ; 
albuminous  constituents  of,  73-78  ; 
gelatinous  constituents  of,  74 ;  pro- 
portions of  carbon  and  nitrogen  in 
different  articles  of,  76 ;  calorific  and 
histogenetic  value  of,  75 ;  most 
economical  combinations  of,  76 ;  com- 
position of  various  kinds  of,  78  ;  rela- 
tive value  of  animal  and  vegetable,  77; 
quantity  of,  needed  by  Man,  82-84 ; 
importance  of  purity  of,  86  ;  conse- 
quences of  deficiency  of,  93-99  ;  pre- 
hension and  ingestion  of,  99  ;  relative 
digestibility  of  different  kinds  of,  134; 
influence  of  nature  of,  on  composition 
of  blood,  219  ;  on  respiration,  342 ;  on 
excretion,  373. 

Foot  of  Man,  compared  with  that  of 
Apes,  20, 

Form,  mode  of  acquiring  knowledge  of, 
by  Touch,  672 ;  by  Vision,  702. 

Formative  Power,  of  individual  parts, 
367,  373  ;  excess  of,  in  hypertrophy, 
397  ;  deficiency  of,  in  atrophy,  400  ; 
manifestation  of,  in  reparative  pro- 
cess, 403  ;  deficiency  of,  in  inflamma- 
tion, 405  ;  its  greater  energy  in  earlier 
than  in  later  periods  of  life,  396,  404, 
961. 

Formed  materia),  33. 
Fornix,  638.  .  7 

Fort  Sumter,  state  of  prisoners  in, 
Fourth  pair  of  Nerves,  558,  564. 
Fraunhofer's  lines  of  Spectrum,  20/. 
Frigorification,  influence  of  cutaneous 

exhalation  in,  485,  497. 
Functions,    Vital,    see  Absorption, 

Assimilation,  Circulation,  &o. 
Fungi,  action  of  light  upon,  8. 
Fungiform  papillae  of  Tongue,  68U. 

n  ANGLI  A,  structure  of,  503 ;  see  Nkb- 
VJ   vous  System. 
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Ganglia  of  Sympathetic  system,  801. 

Gaols,  Indian,  high  rate  of  mortality  in, 
364  ;  at  Nimes,  mortality  in,  97  note. 

Gases,  found  in  the  alimentary  canal, 
150  ;  in  the  blood,  221  ;  in  the  blood 
in  asphyxia,  356  ;  in  the  urine,  466. 
i  Gastric  Follicles,  structure  of,  120-123. 

Gastric  Juice,  composition  of,  123-127  ; 
conditions  of  its  secretion,  128  ;  quan- 
tity of,  secreted  daily,  129  ;  influence 
of  nervous  system  on,  131,  811;  sol- 
vent power  of,  125-127. 

Gasserian  ganglion,  561  ;  its  influence  on 
nutrition,  810. 

Gelatin,  58  ;  uses  of,  as  food,  74 ;  feeble 
dialysing  power  of,  164. 

Generation,  general  nature  of,  818 ; 
provisions  for  its  performance,  818, 
819. 

Action  of  Male  in,  746,  827;  structure 
of  testes,  820 ;  characters  of  semi- 
nal fluid,  821  ;  nature  and  evolution 
of  Spermatozoa,  822-824  ;  essential 
importance  of  Spermatozoa  in  fecun- 
dation, 825  ;  puberty,  epoch  of, 
825  ;  of  sexual  desire,  628,  826  ;  coi- 
tion, 826. 

Action  of  Female  in,  827-836  ;  struc- 
ture of  Ovum,  828 ;  evolution  of 
ovum,  831  ;  period  of  puberty,  832; 
menstrual  discharge,  833 ;  coinci- 
dent ovulation,  834 ;  duration  of 
procreating  period,  835  ;  her  func- 
tion in  coition,  835  ;  maturation  of 
ova,  836  ;  corpus  luteum,  837-840  ; 
fecundation  of  ovum,  840,  841  ;  con- 
sequent changes,  842  ;  formation  of 
chorion,  843  ;  formation  of  decidua, 
843,  844;  of  villi  of  chorion,  846  ; 
of  foetal  tufts,  847  ;  of  Placenta, 
848,  851  ;  changes  in  Uterus  during 
gestation,  851 ;  quickening,  852  ; 
parturition,  act  of,  852,  863  ;  period 
of,  854  ;  superfcetation,  859 ;  see 
Lactation,  Mammary  Gland,  Milk. 

|  Influence  of  Parents  on  progeny,  861; 
effects  of  near  relationship  of,  862  ; 
influence  of  Male  on  subsequent 
offspring,  863  ;  effects  of  state  of 
parents  at  time  of  conception,  864; 
subsequent  influence  of  Mother, 
817,  864  ;  influence  of  Ages  of 
parents  on  Sex  of  progeny,  907. 

yEmbryonic  Development,  see  Develop- 
ment of  Embryo. 

f  eneration,  Organs  of,  their  development, 

1*889-891. 

I  irniinal  Capacity,  variation  of,  at  dif- 
Iferent  ages,  962. 

|  Matter,  33. 

I-   Spot,  829. 

I  Vesicle,  828  :  its  disappearance 

iftor  fecundation,  842. 


Gestation,  ordinary  term  of,  854  ;  ab- 
breviated, 856  ;  protracted,  858. 

Ghost  exhibition,  deceptive  effect  of,  on 
hearing,  735. 

Glands,  Assimilating,  of  Absorbent  Sys- 
tem, 173-177  ;  their  functions,  171  ; 
of  Sanguiferous  system,  183-194 ; 
their  functions,  192-194  ;  double  cha- 
racter of  Liver,  436. 

 Secreting,   essential  nature  of, 

420-422. 

Glosso-Pharyngeal  Nerve,  origin  of,  556  ; 

distribution  and  functions  of,  565  ;  its 

instrumentality  in  deglutition,  103  ;  in 

sense  of  ta3te,  566. 
Glottis,  regulation  of,  782-784 ;  artificial, 

789. 
Glycine,  65. 

Glycocholic  Acid,  66,  431. 

Glycogene  and  Glycogenic  substance, 
69,  437,  438  ;  composition  of,  438  ; 
presence  of,  in  blood,  439  ;  theories  of 
origin  of,  442. 

Glycogeny  and  Glycogenic  function  of 
the  Liver,  436-442  ;  influence  of  ner- 
vous system  upon,  440 ;  effects  of 
medicinal  agents  on,  440. 

Gorilla,  comparison  of,  with  Man,  17- 
33. 

Graafian  vesicle,  828  ;  formation  of  ovum 
within,  831  ;  escape  of  ovum  from, 
836  ;  subsequent  changes  in,  837. 

Granulation  of  wounds,  404-409. 

Grape  Sugar,  68. 

Growth,  period  of,  963. 

 a  source  of  demand  for  nutri- 
tion, 368  ;  excess  and  deficiency  of, 
370  ;  its  difference  from  development, 
369  ;  formative  activity  during  period 
of,  963,  976. 

Guanin,  64. 

Guiding  Sensations,  essential  to  volun- 
tary movements,  611  (see  Muscular 
Sense). 

Gum,  effects  of  diet  of,  72. 
Gustatory  Ganglia,  554-556. 

 Nerves,  554,  565,  599. 

Gyri  operti  of  Brain,  633. 


IS  A  BIT,  influence  of,  in  establishing 
excito-motor  actions,  590  ;  on  sen- 
sorimotor actions,  610 ;  on  impres- 
sions on  sleeping  persons,  655  ;  on 
amount  of  sleep  required,  657  ;  on  co- 
ordination of  muscular  movements, 
765. 

Hachisch,  effects  of,  660. 
Haemadromometer,  291. 
Hsemadynamometer,  290. 
Hsematin  crystals,  205. 
Hsematochonieter,  291. 
Haematoglobin  crystals  of  blood,  204. 
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Haemin  crystals  of  blood,  206. 
Haemo-globin,  204. 
Haemorrhage,  predisposition  to,  229. 
Hair,  characters  of,  in  different  Races, 
933. 

Halones  of  vitellus,  829. 
Hand  of  Man,  peculiar  attributes  of,  19. 
Harmony  of  Muscular  movements,  769. 
Haversian  canals  of  Bone,  45. 
Healing  Processes,  different  forms  of, 
403-409. 

Hearing,  physical  conditions  of,  722. 
Organ  of,  its  essential  structure,  724 ; 
its  adaptation  to  laws  of  propagation 
of  sounds,  726,  727  ;  structure  and 
functions  of  tympanic  apparatus, 
727-732  ;  of  labyrinth,  732  ;  of  ex- 
ternal ear  and  meatus,  733  ;  deve- 
lopment of,  904. 
Sense  of,  722 ;  discrimination  of  pitch 
of  tones,  733  ;  estimate  of  direction 
of  sounds,  732,  734  ;   estimate  of 
distance,  734  ;  influence  of  habitual 
attention  on  acuteness  of,  735  ;  ra- 
pidity of  perception  by,  compared 
with  vision,  532,  737;  use  of,  in  re- 
gulating voice,  612,  736. 
Heart,  irritability  of,  261  ;  arrangement 
of  muscular  fibres  in,  260;  rhythmical 
movements  of,  262  ;  their  source,  269- 
272 ;  duration  of  actions  of,  264  ;  nerves 
accelerating  action  of,  269  ;  nerves  re- 
tarding, 270  ;  depressor  nerve  of,  271 ; 
influence  of  poisons  on,  273;  disturbance 
of,  by  attention  to  them,  808  ;  successive 
actions  of,  263;  courseof  blood  through, 
265  ;  difference  of  two  sides  of,  266  ; 
sounds  of,  267  ;  rate  of  propulsion  of 
blood  by,  274 ;  force  of  propulsion  of 
blood  by,  290  ;  number  of  pulsations 
of,  275 ;  first  development  of,  876 ; 
subsequent  changes  in,  880. 
Heat,  importance  of,  in  growth  and  de- 
velopment, 5,  6  ;  absolute  amount  of, 
produced  in  the  body,  389  ;  influence 
of,  on  Vital  Action,  478  ;  on  period  of 
gestation,   830,    854 ;    endurance  of 
extremes  of,  483,  485  ;  its  production 
in  Human  body,  478  ;  sources  of  varia- 
tion of,  479-483  ;  alterations  of,  in 
disease,  482;  liberation  of,  after  death, 
483  ;  sources  of,  486,  492  ;  loss  of, 
the  cause  of  death  by  starvation  and 
exhausting  diseases,  486,  487  ;  partial 
dependence  of,  on  cutaneous  respira- 
tion, 489  ;  influence  of  nervous  system 
on,  492-495  ;  inferior  power  of  generat- 
ing, at  earliest  and  latest  periods  of  life, 
495,  496  ;  reduction  of,  by  evaporation 
from  external  surface,  497. 
Height  at  different  ages,  910. 
Helleborus  niger  and  viridis,  action  of,  on 
heart,  273. 


Hepatic  artery,  427. 

 Cells,  429  ;  degeneration  of,  430. 

 Duct,  428. 

 Parenchyma,  arrangement  of,426. 

 Vein,  426-428 ;  blood  of,  com- 
pared with  portal,  227. 

Hepatine,  438  ;  see  Glycogeny. 

Herbivorous  animals,  excretions  of,  382. 

Hereditary  Transmission  of  maladies, 
862. 

Hermaphrodism,  891. 
Heterologous  growths,  419. 
Hiccup,  act  of,  332. 
Hindostan,    languages  and  people  of, 
950. 

Hippuric  Acid,  62  ;  its  presence  in  the 
Blood,  217  ;  in  Urine,  453,  460. 

Horopter,  nature,  form,  and  use  of,  705. 

Hottentot  Race,  954. 

Humus,  absorption  of,  by  plants,  8. 

Hunger,  indicates  necessity  for  aliment, 
91  ;  immediate  source  of  sense  of,  92. 

Hybrid  Races,  question  of  fertility  of, 
942. 

Hybrids,  influence  of  parents  on,  860. 
Hydrocyanic  Acid  Gas,  action  of,  on 

Heart,  273  note. 
Hydrogen,  elimination  of,  by  respiratory 

process,  350  ;    by  other  excretions, 

382  ;  respiration  in,  349. 
Hypermetropia,  695  note. 
Hypertrophy,  368,  399  ;  conditions  of, 

399  ;  shown  in  production  of  tumours, 

399 ;  in  supernumerary  parts,  399,  400. 
Hypnotism,  661-663. 
Hypochondriasis,  operation  of,  817. 
Hypogastric   plexus    of  Sympathetic, 

801. 

Hypospadias,  891. 
Hypoglossal  Nerve,  572. 
Hypoxanthine,  64,  432. 
Hysteria,  exalted  sensibility  in,  665. 
Hysterical  Ischuria,  423. 


TCEL  ANDERS,  freedom  of,  fromtuber- 
1    culosis,  80  ;  liability  of,  to  zymotic 

diseases,  364,  365. 
Idiocy,   predominance  of  instinct  in, 

644 ;  causes  of,  862.  ,  . 

Illumination,  relative  perceptibility  ot, 

721. 

Inanition,  93  (see  Starvation) ;  balance 

of  vital  economy  in,  377. 
Increase  (see  Growth).  f 
India,    population  and  languages  oi, 

950. 

Indirect  vision,  718. 

Indo-European  Race,  946. 

Infancy,  characteristics  of,  965. 

Infants,  temperature  of.  4/9,  ,nI*"" 
power  of  generating  heat  in»  *y  ' 
length  and  weight  of,  at  birth,  JW. 
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Inflammation,  increase  of  fibrin  of  blood 
in,  229  ;  a  perverted  form  of  nutritive 
process,  409  ;  its  relations  to  hyper- 
trophy and  atrophy,  410  ;  causes  of, 
411 ;  phenomena  of,  411-413;  state  of 
blood  in,  413  ;  characteristic  effusions 
of,  414  ;  unhealthy  forms  of,  416  ; 
effects  of,  in  tubercular  subjects, 
417. 

Inflammatory  effusions,  different  charac- 
ters of,  245,  414-416. 

Ingesta,  average  chemical  composition 
of,  for  one  day,  376. 

Inhibitory  influence  of  the  nervous 
system  on  intestine,  109  ;  on  heart, 
262  note ;  on  respiratory  muscles, 
330. 

Inorganic  Constituents  of  Blood,  217  ; 
their  uses,  387  J  of  Urine,  452,  464- 
467. 

Inosite,  69,  742. 
Insalivation,  113-117. 
i  Insects,  automatic  actions  of,  500. 
;  Inspiration,  movements  of,    320-322  ; 
force  required  for,  323  ;  cause  of  first, 
327. 

jllnsdnct,  contrasted  with  Reason,  511. 
\  I  Intelligence,  nature  of,  as  opposed  to 
Instinct,  509-511  ;  degree  of,  conform- 
able to  size  and  development  of  Cere- 
brum, 641-645. 
[Intestinal  Canal,  movements  of,  108  ; 
influence  of  Sympathetic  nerves  on, 
109  ;  influence  of  mental  states  on, 
808  ;  development  of,  873-884. 

 Juice,   145-147;  its  use  in 

digestion,  147,  148. 

 Secretions,influenceof  nervous 

system  on,  811. 
.nvoluntary  movements,  764  ;  influence 

of  Sympathetic  on,  803 . 
Iris,  structure  of,  700 ;  movements  of, 
in  accommodation  of  Eye,  691,  692  ; 
effects  of  heat  and  light  upon,  701 
(see  Pupil). 
irradiation  of  impressions  on  retina, 
717. 

irrigation  of  the  tissues  effected  by 

lymph,  182. 
r  ratability  of  Heart,  261  ;  of  Arteries, 
279.  . 


rACOB'S    Membrane,    structure  of, 
697. 

aauudice,  ordinary,  from  re-absorption 
of  bile,  424 ;  more  severe  form  of, 
dependent  on  non-elimination  of  bile, 
434. 

r  ewish  Females,  period  of  conception  in, 
840  note. 

|  Nation,  949  ;  varied  complexion 


of,  932. 


KAFFRE  Eace,  954. 
Keratin,  59. 
Kidney,    structure  of,    442-447;  tu- 
buli  uriniferi  of,  444  ;  circulation  in, 
445  ;  Corpora  Malpighiana  of,  444 ; 
secreting  cells  of,  444,  445  ;  develop- 
ment of,  887  ;  elimination  of  water 
by,  446  ;  of  soluble  matters  generally, 
468,  469  ;  secreting  action  of,  446  ; 
excretory  function  of,  448-471  (see 
Urine). 
Kinesodic  substance,  577. 
Kreatine,  60. 
Kreatinine,  60. 
Kurrachee,  cholera  at,  361 . 
Kymographion,  290. 


LABYRINTH  of  Ear,  functions  of, 
732. 

Lachrymal  secretion,  influence  of  mental 
states  on,  811. 

Lactation,  912-925  ;  change  of  quality 
of  milk  in  course  of,  917-921  ;  extra- 
ordinary prolongation  of,  921  ;  by 
males,  915. 

Lacteals,  origin  of,  in  villi,  154-158  ;  ab- 
sorption by,  159  ;  glandulte  of,  172, 
173  ;  contents  of,  177  (see  Chyle). 

Lactic  acid,  origin  and  relations  of,  69  ; 
presence  of,  in  gastric  fluid,  124. 

Lacunae  of  bone,  45. 

Lamina  spiralis,  structure  of,  725. 

Laminae  dorsales,  871. 

Landau,  effects  of  siege  of,  864. 

Language,  the  expression  of  ideas,  780, 
794. 

Languages  of  different  races,  essential 
conformity  in,  944  ;  American,  956  ; 
Bushman,  956;  Celtic,947;  Euskarian, 
947  ;  Hindoo,  951  ;  Hottentot,  954  ; 
Indo- Germanic,  947  ;  Kaffre,  954  ; 
Malayo-Polynesian,  958  ;  Negro,  953  ; 
Negrito,  959  ;  Sanskritic,  947  ;  Seri- 
form,950  ;  Syro-Arabian,  948  ;  Tamu- 
lian,  951. 

Lanugo  of  foetus,  246. 

Lapps,  Race  of,  950. 

Larynx,  structure  of,  780-783;  muscular 
actions  of,  782-784  ;  precise  adjust- 
ment of,  779  ;  their  dependence  on 
guiding  sensations,  612,  616,  793  ; 
nerves  of,  330,  568;  production  of 
sounds  by,  786-790 ;  theory  of  the 
voice,  790 ;  falsetto,  notes  791,  792. 

Lateral  vision,  718. 

Laughing,  act  of,  332. 

Lead,  poisoning  of  water  by,  88  ;  cumu- 
lative action  of,  249. 

Leaf,  fall  of,  372  note. 

Lecithin,  67. 

Leucin,  59. 

Life,  nature  of,  1  ;  distinguishing  fea- 
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tures  of,  2-5 ;  multiplication  of, 
3,  4 ;  importance  of  Heat  in  deve- 
lopment of,  5,  6  ;  influence  of  Light 
upon,  7  ;  final  purpose  of,  in  plants, 
9 ;  various  manifestations  of,  in  ani- 
mals, 10,  11 ;  manifestation  of,  in  de- 
velopment, 12  ;  in  production  of  Heat, 
12,  13;  in  sensori-motor  activity,  14  ; 
correlation  of  the  physical  forces  in  the 
acts  of,  14-16  ;  of  the  Blood,  233, 
248. 

Light,  evolution  of,  from  living  body, 
498-500. 

Lightning,  death  by,  effect  of  on  blood, 
236. 

Limbs,  nature  and  development  of,  906  ; 
attempted  reproduction  of,  in  foetus, 
404. 

Limits  of  Vision,  700. 

Liquor  Amnii,  879. 

  Sanguinis,  199. 

Lithicacid,  459  ;  see  Uric  acid. 

Liver,  structure  of,  425-430 ;  general 
plan  of,  in  lower  animals,  425,  426  ; 
in  Man,  426-430  ;  arrangement  of 
blood-vessels  in,  427;  biliary  ducts  in, 
428;  parenchyma  of,  429,  430;  lym- 
phatics of,  430  ;  component  cells  of, 
429  ;  development  of,  884  ;  double 
function  of,  436. 
Assimilating  action  of,  227,  434  ;  pro- 
duction of  glycogene  and  sugar  by, 
436-442;  of  red  corpuscles  by,  214. 
Excretory  action  of,  434  ;  formation 
of  bile  by,  430-436  ;  see  Bile. 

Lochia,  854. 

Locomotion,  movements  of,  590,  610, 
766. 

Londonderry  steamer,  case  of,  357. 

Loss  of  Blood,  influence  of,  on  compo- 
sition of  blood,  220. 

Louisville,  cholera  at,  361. 

Luminosity,  of  living  body,  498-500. 

Lungs,  structure  of,  316-318 ;  contrac- 
tility of  bronchial  tubes  of,  318  ; 
elasticity  of,  319 ;  force  required  for 
their  distension,  323  ;  mechanism  of 
their  expansion,  320  ;  capacity  of, 
336,  337  ;  changes  in,  from  section  of 
pneumogastrics,  333  ;  development  of, 
886. 

Luxus  consumption  of  food,  385. 

Lymph,  composition  of,  177 ;  microscopic 
characters  of,  177  ;  sources  of,  159, 
167,  182;  movement  of,  174,  181; 
quantity  of,  181  ;  forces  effecting  the 
movement  of,  182  ;  pressure  of, 
against  the  walls  of  the  lymphatics, 
182  ;  influence  of  nervous  system  on 
amount  of,  183  ;  causes  of  variations 
presented  by,  182. 

  Corpuscles,  characters  of,  177. 

  Coagulable,  effusion    of,  in  in- 


flammation,  410,  414;  conservative 
nature  of,  417  ;  fibrinous  and  corpus- 
cular forms  of,  414,  415  ;  degenera- 
tions of,  416  ;   formation  of  pus  in 
416. 

Paths,  superficial  and  deep,  174. 


/         x  j*>    <*• 1  -«-• 

Lymphatics,  distribution  of,  172 ;  in 
stomach,  123;  in  intestines,  154;  in 
nervous  centres,  166,  640  note ;  in 
spleen,  186  ;  in  liver,  430  ;  in  heart, 
261  ;  glandulae  of,  173  ;  absorptiou 
by,  170  ;  contents  of  (see  Lymph). 


MAGENTA,  action  of  solutions  of,  on 
blood-corpuscles,  208. 
Magyar  Eace,  950. 

Maintenance  of  organism,  370  ;  during 

period  of  maturity,  963,  976. 
Malayo-Polynesian  Kace,  959. 
M ale,  rudimentary  uterus  in,  889  ;  rudi- 
mental    mammary    gland  in,    915 ; 
lactation  by,  915  ;  influence  of,  on  pro- 
geny, 860,  861  ;  on  sex,  906  ;  size  and 
weight  of,  at  birth,  907;  908  ;  subse- 
quent increase  of,  910 ;  viability  of, 
908  ;  puberty  of,  825  ;  his  character 
as  compared  with  female,  911;  share 
of,  in  generation  (see  Generation). 
Malignant  growths,  419. 
Malpighian   Bodies,  of  Kidney,  444- 

446  ;  of  Spleen,  184. 
Mammary  Gland,  structure  of,  912-914  ; 
functional  activity  of,  915  ;  influence 
of  mental  states  upon,  812,  815 ;  se- 
cretion of  (see  Milk), 
Man,  Distinctive  Characters  of,  17 ; 
hand  of,  18,  19 ;  cranium  of,  21-25  ; 
vertebral  column  of,  25  ;  lower  ex- 
tremities of,  20,  27,  28  ;  facial  angle 
of,  25 ;  myology  of,  28,  29 ;  visceral 
apparatus  of,  29  ;  brain  of,  29  ;  sub- 
ordination of  senses  to  intelligence  of, 
30  ;  peculiar  adaptability  of,  30  ;  slow 
growth  of,  31  ;  mental  endowments  of, 
31, 32  ;  articulate  speech  of,  32  ;  capa- 
city for  progress  of,  32,  33. 
  Epochs  of  Life  of,  961 ;  em- 
bryonic life,  963-965  ;  infancy,  965  ; 
childhood,  967-972  ;  youth,  972  ;  ado- 
lescence, 973  ;  maturity,  976  ;  decline, 
977-979. 

Varieties  of,  945-961;  see  Colour, 


Hair,  Language,  Pelvis,  Races,  Skull, 
and  Varieties.  „ 

Manchester,  organic  matter  in  airof,2o/. 

Manganja,  action  of  poison  of,  on  heart, 
273. 

Manometer,  differential,  289. 
Mara,  Mad.,  range  of  voice  of,  780  note. 
Marriages  of  consanguinity,  861. 
Mastication,  act  of,  99,  100  ;  nerves  ot, 
100. 
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Maturity,  characteristics  of,  976. 

Mauchanip  breed  of  Sheep,  940  note. 

Meat,  bad  economy  of  exclusive  diet  of, 
76  ;  effects  of,  on  balance  of  vital  eco- 
nomy, 380  ;  effects  of  diseased,  86. 

Meconium,  nature  of,  434  note. 

Medulla  Oblongata,  structure  of,  550- 
560 ;  grey  substance  of,  553  ;  origin 
of  various  nerves  from,  555  ;  motor 
tract  of,  558,  559  ;  sensory  tract  of, 
560  ;  special  endowments  of,  585 ; 
see  Spinal  Cord. 

 Spinalis,   543  ;    see  Spinal 

Cord. 

Melanin,  37. 

Memhrana  Granulosa,  828. 

 Tympani,  structure  and  uses 

of,  728. 

Menstruation,  period  of,  832  ;  nature  of, 

834  :  persistence  of,  835. 
Mesencephalon,   development   of,  872, 

901. 

Mesenteric  Blood,  special  characters  of, 
226. 

 Glandulae,  structure  of,  172- 

176. 

Mesocephale,  effects  of  section  of,  605  ; 

effects  of  electric  current  on,  606. 
Metals  entering  into  composition  of  the 

body,  54. 

Metamorphosis   of  matter,  required  in 

Organic  functions,  374. 
Metastasis  of  Secretion,  422. 
Migration  of   white    corpuscles,  211, 

416. 

Milk,  secretory  apparatus  of,  912  ;  sup- 
ply of,  914;  constituents  of,  916-922  ; 
variations  in  their  proportions,  919  ; 
influence  of  mental  states  on,  812, 
816  ;  varieties  of,  in  different  animals, 
922  ;  relation  of,  to  blood,  923  ;  re- 
absorption  of,  923  ;  vicarious  secretion 
of,  923 ;  quantity  of,  secreted,  924 ; 
passage  of  medicines,  &c,  into,  924. 

—  Sugar  of,  68,  919. 

Millbank  Prison,  scurvy  at,  96  ;  cholera 
at,  360. 

Millon's  Reagent,  56. 

Mincopie  Race  of  the  Andaman  Isles, 
959  note. 

Mind,  of  Man,  its  distinctive  characte- 
ristics,  31,  32,  511  ;  its  influence 
on   Organic  functions,  807,  816  ; 
variation  of,  at  different  periods  of 
life,  966,  968,  976. 
Emotional  activity  of,  811,  816. 
Ideo-dynamic  activity  of,  807,  816. 
|  Mixed  diet,  economy  of,  76  ;  importance 
!     of,  78. 

1  Model  Lodging  Houses,  sanitary  state 
of,  362. 

I  Modelling  process,  406  ;  means  of  pro- 
moting, 407. 


Molecular  Death,  980,  983-986. 

Mongolian  Race,  949  ;  in  Europe,  947  • 
in  India,  950. 

Monstrosities,  by  excess,  397-399  ;  by 
inclusion,  400  ;  by  arrest  of  develop- 
ment, 370,  866,  881,  891,  892,  894, 
899. 

Morbid  Poisons,  248  (see  Poisons. 
Morbid). 

Mortality,  preventible,  of  England,  367. 

 relative,  at  different  periods 

of  the  year,  496  ;  at  different  ages, 
909.  ' 

Mother,  influence  of  mental  states  of,  on 
foetus,  817,  864  ;  on  mammary  secre- 
tion, 812. 

Motility  of  heart,  261. 

Motor  Nerves,  laws  of  transmission 
through,  522  j  see  Efferent  Nerve- 
fibres. 

  Tract  of  Medulla  Oblongata, 

560. 

Mucous  layer  of  Germinal  membrane, 

871. 
Mucin,  65. 

Mule,  characters  of,  860  ;  sterility  of, 
942  note. 

Muscles,  limited  term  of  life  of,  371,  372  ; 
degeneration  of,  394  ;  hypertrophy  of, 
398;  atrophy  of,  402  ;  electric  current 
in,  748. 

Musical  tones,  theory  of,  723. 

Muscular  apparatus  of  organic  life,  738, 
739  ;  of  animal  life,  739. 

Muscular  Tissue,  various  forms  of,  738, 
739  ;  structure  of  striped,  739  ;  dis- 
tribution of  motor  nerves  in,  741  ;  dis- 
tribution of  blood  to  striped  form  of, 
741  ;  lymphatics  of,  741  ;  chemical 
composition  of,  741  ;  chemical  changes 
in,  induced  by  exhaustion,  746  ;  de- 
velopment of,  743  ;  nutrition  of,  744  ; 
limited  duration  of,  745  ;  elongated 
and  contracted  conditions  of,  745, 
746  ;  phenomena  accompanying  con- 
traction of,  746  ;  elasticity  of,  747  ; 
electrical  relations  of,  748 ;  mechanism 
of  muscular  contraction,  752-755;  idio- 
muscular  contraction  of,  755  ;  various 
stimuli  inducing  contraction  of,  756  ; 
peculiarity  of  that  of  Heart,  754, 
756  ;  examples  of  rhythmical  move- 
ment of,  757  ;  irritability  of,  757  ; 
agents  destroying  irritability  of,  758  ; 
effects  of  shock  in  destroying  irrita- 
bility of,  759  ;  proofs  of  essential  in- 
dependence of  irritability  of,  760  ; 
necessity  of  due  supply  of  arterial 
blood  for  maintenance  of  irritability 
of  761  ;  spontaneous  and  post-mortem 
movements  in,  762,  763  ;  Rigor  mortis 
of,  763. 

Muscular  Movements,  increase  ot  con- 
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tractile  power  of)  after  section  of  spinal 
cord,  593  ;  voluntary  and  involuntary, 
764 ;  grouping  of,  7 65  ;  symmetry 
and  harmony  of,  766-774  ;  energy  and 
rapidity  of,  774 ;  absolute  muscle 
force,  775-777  ;  sources  of  muscular 
force,  777-779  ;  precise  adjustment 
of,  779  (see  Muscular  Sense). 

Muscular  Sense,  613  ;  its  participation 
in  voluntary  movements,  616  ;  its  ex- 
altation in  Somnambulism,  662. 

 Suggestion,  its  influence  in  Som- 
nambulism, 662. 

 Tension,  influence  of  Spinal  Cord 

on,  592. 

Myelin,  66. 

Myelocytes  of  retina,  697. 
Myopia,  694. 
Myosin,  57. 


"VTAVY,  diet-Rcale  of,  83. 

ly     Necrremia,  death  by,  983. 

Negative  accommodation  of  the  eye,  692. 

Negrito  Race,  959. 

Negro,  change  of  colour  in,  931  note. 

Negro  Races,  colour  of,  931 ;  hair  of, 
933  ;  skull  of,  934  ;  modification  of 
its  form  by  civilization,  937  ;  pelvis 
of,  938  ;  geographical  range  and  varie- 
ties of,  952. 

Nerium  Oleander,  action  of  on  Heart, 
273. 

Nerve-force,  laws  of  transmission  of, 
521. 

Nerves,  electric  current  in,  532. 

Nervous  System,  503  ;  influence  of,  on 
Animal  Heat,  493  ;  general  ar- 
rangement of,  503 ;  chemistry  of, 
506  ;  automatic  character  of,  in  In- 
vertebrata,  508-511;  distinguished 
in  Vertebrata  by  Cerebrum,  and 
ministering  to  Intelligence,  511- 
513. 

Cerebro-Spinal  system,  principal  divi- 
sions of,  513;  Cranio-Spinal  Axis, 

514  ;  Sensory  Ganglia,  514;  Cere- 
bral Hemispheres,  514  ;  Cerebellum, 

515  ;  general  course  of  action  of, 
516;  reflex  operations  of  separate 
parts,  516;  subordination  of  these 
to  the  "Will,  517;  relations  of 
to  Sympathetic  system,  518 ;  in- 
fluence of,  on  Animal  Heat,  493  ; 
on  Organic  functions,  807 ;  see 
Cerebellum,  Cerebrum,  Medulla  Ob- 
longata, Sensory  Ganglia,  Spinal 
Cord,  Consciousness,  Emotions,  Ex- 
cito-motor  A  ctions,  Ideo-motor 
Actions,  Intellectual  Faculties,  Re- 
flex Actions,  Sensory  motor  Actions, 

Volitional  Actions. 
Sympathetic  System,  general  structure 
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of,  801 ;  Cerebro-Spinal  fibres  in,  518, 
519,802;    their  instrumentality  in 
sensation  and  muscular  contraction, 
803,  804  ;  action  of,  on  intestinal 
canal,  108-110,  132  ;  on  heart,  269  ; 
on  blood-vessels,  280,  281  ;  on  ute- 
rus, 804,  853 ;    on  iris,  701,  805, 
806  ;  Proper  fibres  of,  802  ;  influ- 
ence of,  on  Secretion  generally,  811 ; 
on  secretion  of  saliva,  116-120  ;  on 
secretion  of  gastric  juice,  132 ;  on 
nutrition,  809  ;  on  animal  heat,  493, 
494;   effects  of   Bection   of,  290, 
805  ;  reflex  actions  of,  808. 
Trwriks,    endowments  of,   519-528  ; 
afferent  and  efferent,  519;  use  of 
plexuses   of,  520 ;  laws  of  trans- 
mission in,  521  ;  modes  of  determin- 
ing their  functions,  523  ;  by  peri- 
pheral distribution,  523  ;  by  central 
connections,  525 ;  by  experiment, 
525  ;  by  observation,  527;  action  of 
various  stimuli  on,  528  ;  rapidity  of 
conduction  of  electrical  stimulus  by, 
530,  531  ;  various  excitability  of, 
at  different  points,   529 ;  electro- 
motor properties  of,  532-542. 
Nervous  Tissue,  limited  duration  of,  371, 
372 ;  continual  reparation  of,  372 ; 
atrophy  of,  402. 
Nicotin,  action  of,  on  heart,  273  note. 
Ntmes,  prison  of,  mortality  at,  97. 
Nitric  Acid,  in  urine,  466. 
Nitrogen,  its   presence  in  blood,  221— 
223 ;    exhalation  and  absorption  of, 
349  ;  excretion  of,  376-385. 
Notochord,  formation  of,  892. 
Nutrition,  general  nature  of,  245-247, 
367  ;  dependent  on  pabulum  in  blood, 
245-367  ;   complementaL  doctrine  of, 
246;  sources  of  demand  for,  in  increase, 
368,  369  ;  in  development,  369,  370  ; 
in  maintenance,  870 ;  conditions  of 
its  performance,  373  ;  interstitial  and 
superficial,  391  ;  varying  activity  of, 
396  ;  at  different  periods  of  life,  962  ; 
abnormal  degrees  of,  397-403  ;  pecu- 
liar  phases  of,  in  reparation  of  in- 
juries, 403-409  ;  abnormal  forms  of, 
409-419;  inflammation  and  its  results, 
409-417  ;  tuberculosis,  417  ;  malignaDt 
growths,  371;  influence  of  Nervous 
system  on,  809,  811  ;  electric  distur- 
bance in,  500. 

0BLIQDE  Muscles  of  Eye,  function 
of,  770. 

Observation,  active  in  infancy,  96o. 
Observations,  astronomical,  mode  ot  re- 
cording, 736. 
Oceanic  Race,  957-959. 
Orular  Spectra,  719,  720. 
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Odoriferous  secretion  of  Skin,  influence  of 

nervous  system  on,  812. 
Odorous  matter  in  Blood,  198. 
Odours,  nature  of,  683. 
Oesophagus,  movements  of,  in  swallow- 
ing, 101,  102. 
Old  Age,  characteristics  of,  977-979  ; 
temperature    in,   479  ;  diminished 
power  of  generating  heat  in,  496. 
Oleaginous  constituents  of  food,  70,  72  ; 
digestion  of,  136,  137-139  ;  absorption 
of,  by  investing  cells  of  Villi,  158 
note. 

Olfactive  Cells,  684,  685. 

 ■  Ganglia,  594. 

 Nerves,  595,   596  ;  peculiar 

character  of,  684 ;  distribution  of,  684, 

685. 

Olivary  bodies,  551. 
Omphalo- mesenteric  vessels,  874. 
Ophthalmic  branch  of  Fifth  Pair,  561, 
562. 

 Ganglion,  562,  801. 

Optic  Ganglia,  594. 

  Nerves,  peculiar  arrangement  of, 

598 ;  endowments  of,  597,  598,  602  ; 
distribution  of,  620-622;  deficient 
sensibility  at  entrance  of,  698,  719  ; 

 Thalami,  594,  595;  functions  of, 

604,  607. 

i  Orang  Outan,  comparison  of,  with  Man, 
17-33. 

i  Osmosis,  161 ;  various  phenomena  of, 
161-164 ;  through  a  fluid  septum, 
162 ;  of  constituents  of  food,  164- 
166. 

'Ossification,  completion  of,  a   mark  of 

Adolescence,  973. 
I  Oval  Skull,  945. 

1  Ovarium,  structure  of,  827  ;  develop- 
ment of,  888  ;  evolution  of  ovisacs 
within,  831  ;  discharge  of  ova  from, 
832. 

I  Overcrowding,  a  predisposing  cause  of 
zymotic  disease,  357,  360-365. 

Dvisac,  828  (see  Graafian  Vesicle). 
Ovum,  structure  of,  828-830  ;  evolu- 
tion of,  831  ;  maturation  and  discharge 
of,  832  ;  fertilization  of,  840,  841  ; 
first  changes  in,  842 ;  subsequent 
changes  in,  see  Development  of  Embryo. 

I  Oxalic  Acid,  70;  action  of,  on  heart,  273 
note ;  in  urine,  466. 

Oxygen,  amount  of,  in  blood,  221-223  ; 
stimulating  effect  of,  on  heart,  262. 

 sources  of  demand  for,  313,  314  ; 

quantity  of,  required,  339  ;  exchange 
of  carbonic  acid  for,  338  ;  excretion  of, 
376,  378,  382  ;  respiration  in,  224,  353. 

I  rjANCREATIC  fluid,  composition  of, 
|L    137  ;  action  of,  on  starch,  139  ;  or. 


fat,  139  ;  on  albumen,  141  ;  amount 

of,  secreted,  138. 
Papillae,    tactile,  667,  668  ;  jmstative. 

679,  680.  ' 
Papuan  Pace,  959. 

Par  Vagum,    567  (see  Pneumogastric 

Nerve) . 
Paraglobulin,  242. 

Paralyzed  limbs,  temperature  of,  493. 

Parapeptones,  formation  of,  from  albu- 
men, 125,  126,  136. 

Paraplegia,  peculiar  cases  of,  580-582. 

Parents,  influence  of,  on  progeny,  860  ; 
see  Generation,  Influence  of  Parents'. 

Parotid  Gland,  113;  secretion  of,  114- 
119. 

Parturition,  act  of,  853  ;  regular  period 

and  causes  of,  854  ;  premature,  856  ; 

retarded,  858. 
Passion,  influence  of,  on  secretion  of 

Milk,  813. 
Paupers,  dietary  of,  83. 
Pelagian-Negro  Pace,  959. 
Pelvis,  form  of,  in  different  Races,  938. 
Pepsin,  57,  125-127. 
Peptones,  formation  of,  from  albuminous 

compounds,  125,  126  ;  osmotic  energy 

of,  164. 

Periodical  phenomena,  478,  854,  855. 

Peristaltic  movement  of  intestines,  103, 
107-110;  effects  of  venous  blood  on, 
1 10 ;  effects  of  irritation  of  various  parts 
of  nervous  system  on,  1 09  ;  influence 
of  mental  states  on,  807. 

Persistence  of  sensory  impressions, 
tactile,  672  ;  gustative,  683  ;  olfactive, 
687  ;  visual,  714,  715  ;  auditory,  723. 

Perspiration,  see  Sudoriparous  Excre- 
tion. 

Personal  Equation  of  Astronomical  ob- 
servers, 737. 

Pettenkofer's  test  for  the  biliary  acids, 
66. 

Peyerian  glanduke,  structure  and  rela- 
tions of,  156,  175,  176. 

Phthisis,  influence  of,  on  Pulse,  276. 

Phosphates,  Alkaline,  in  blood,  387  ;  in 
urine,  464,  465. 

 Earthy,  in  urine,  465. 

Fhosphenes,  investigation  of,  719. 

Phosphorus,  elimination  of,  by  breath, 
351,  499  ;  by  urine,  465,  499. 

Phosphorescence  of  living  body,  498, 
499. 

Phrenological  doctrine,  of  Cerebellum, 

625-631  ;  of  Cerebrum,  643. 
Pigment  cells,  37. 

Pitch  of  Sounds,  appreciation  of,  733. 

,  of  Voice,  regulation  of,  781-793. 

Placenta,  formation  of  fetal  portion  of, 

846,  847  ;  of  maternal  portion,  848- 

851. 

Placental  murmur,  850. 
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Platyrrhine  Apes,  comparison  of  thumb 
of,  with  that  of  Man,  21. 

Pneumatology  of  the  blood,  221. 

Pneumogastric  Nerve,  origin  of,  555  ; 
general  distribution  and  endowments 
of,  567  ;  its  instrumentality  in  deglu- 
tition, 103  ;  in  hunger  and  satiety,  94 
note ;  its  influence  on  secretion  of 
gastric  fluid,  131-133,  811;  on  move- 
ments of  stomach,  ]05,  106;  on 
movements  of  heart,  270  ;  its  action 
as  excitor  of  respiration,  326  ;  its  in- 
fluence on  larynx,  330,  331,  569. 

Pneumograph,  tracing  from  Marey's, 
322. 

Pointer  and  Setter,  peculiar  breeding  of, 
861. 

Points,  focal,  of  the  eye,  689. 

 nodal,  of  the  eye,  6S9. 

 principal,  of  the  eye,  689. 

Poisons,  mode  of  action  of,  248  ;  their 

passage   into   the   circulation,   275  ; 

elimination  of,  from  blood,  248,  249, 

256,  257. 

  Morbid,  their  substantive  ex- 
istence, 250  ;  some  generated  within 
the  system,  251,  252,  254  ;  zymotic, 
253  ;  predisposition  to  their  activity, 
251,  252  ;  course  of  action  of,  255  ; 
alteration  of  blood  by,  255,  256 ;  re- 
covery of  blood  from,  257. 

Polynesian  Races,  957-959. 

Portal  Vein,  blood  of,  226  ;  comparison 
of,  with  blood  of  hepatic  vein,  227  ; 
its  distribution  in  Liver,  427. 

Pons  Varolii,  effects  of  section  of,  605. 

Portio  dura,  origin  of,  557  ;  functions  of, 
564. 

Positive  accommodation  of  the  eye,  691. 
Potash,  effect  of,  on  urine,  470. 
Potteries    (Kensington),   mortality  at, 
362. 

Pregnancy,  signs  of,  851  (see  Gestation). 
Prehension  of  food,  movements  of,  99. 
Presbyopia,  694. 

Pressure  of  Blood  in  arteries,  290  ;  in 
veins,  307  ;  increased  during  inspira- 
tion, 293  ;  influence  of,  on  secretion  of 
urine,  450. 

Primitive  Trace,  871. 

Prisons,  diet-scale  of,  83  ;  see  Gaols. 

Prognathous  Skull,  934. 

Projection  of  objects,  visual  appreciation 
of,  706-709. 

Proportion  of  several  constituents  of  body 
to  each  other,  374. 

Prosencephalon,  development  of,  901. 

Prostate  Gland,  function  of,  822. 

Protagon,  67. 

Proteids,  55. 

Protracted  Gestation,  858. 
Ptyalin,  57,  114. 

Puberty,  the  characteristic  of  Youth, 


972,  973  ;  in  female,  832  ;  in  male, 
825  ;  diseases  of,  975. 
Puerperal  Fever,  predisposing  causes  of, 
252. 

Pulse,  Arterial,  283-287  ;  mode  of  for- 
mation of,  283 ;  artificial  production 
of,  286  ;  rate  of,  under  different  con- 
ditions, 275  ;  proportion  of,  to  respi- 
ratory movements,  324  ;  dichrotous, 
287. 

 Respiratory,  307. 

  Venous,  282. 

Pupil,  action  of,  588,  597,  701 ;  relation 

of,  to  Third  Pair,  562  note,  588 ;  to 

Sympathetic,  701. 
Purpura,  state  of  blood  in,  231. 
Pus,  formation  and  characters  of,  409- 

416  ;  influence  of,  on  coagulation  of 

blood,  240. 
Putrescent  Food,  injurious  consequences 

of,  86  ;  Water,  injurious  effects  of,  88. 
Pyin,  65. 

Pyramidal  Skull,  935-938. 

Pyramids  of  Medulla  Oblongata,  anterior, 

551  ;  posterior,  553. 
Pyrensemata,  202. 

Python,  temperature  of,  during  incuba- 
tion, 12  note. 

f)  UA  DRUM  A  NA ,  comparison  of,  with 
X    Man,  17-33. 

Quagga,  transmission  of  marks  of,  8,63. 
Quickening,  act  of,  852. 
Quinine,  action  of,  on  heart,  273  note. 
Quinoidine,  animal,  65. 

RACES,  origination  of  new,  940,  941. 
Races  of  Mankind,  American,  956  ; 
Arian  or  Indo-European,  946  ;  Berber, 
949  ;  Bushman,  955  ;  Caucasian,  945 ; 
Celtic,  947  ;  Hindostanic,  951 ;  Hot- 
tentot, 954  ;  Kaffre,  954;  Mongolian, 
949  ;   Malayo-Polynesian,   949  ;  Ne- 
gro, 952-954  ;  Oceanic,  958 ;  Pela- 
gian- Negro,  959  ;  Seriform,  950;Syro- 
Arabian,  948. 
Range  of  vision,  extent  of,  693-695. 
Rapidity  of  transmission  of  impulses 
through  motor  nerves,  531  ;  througu 
sensory,  532,  737;  of  Muscular  move- 
ments, 779.  f. 
Rattle-snake,  poison  of,  secretion  alter 

death,  981  note.  .  _ 

Reciprocation   of  sonorous  vibrations, 

726  ;  by  membrana  tympani,  <M. 
Red  Corpuscles,  200  (see  Blood). 
Reeds,  vibrating,  laws  of,  788.  ( 
Reflex  Actions,  general  nature  ot,  o > > 
of  Spinal  Cord,  578-593  (^  ° 
Motor  Actions)  ;  of  Sensory  Ganglia, 
607-611  (see  Scnsori- Motor  Actions./ 
Refraction,  laws  of,  687,  688. 
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I  Regimen  (see  Diet,  Food). 

IRelations,  near,  tendency  of  their  mar- 
riage to  produce  imperfect  progeny, 
862. 

]  Relief  of  surfaces,  visual  appreciation  of, 

706-708  ;  conversion  of,  713. 
iMeparation  of  injuries,  403 ;  completeness 
of,  in  lower  animals,  403  ;  limitations 
of,  in  higher,  403  ;  most  energetic  and 
complete  in  earliest  periods  of  life, 
304  ;  not  dependent  on  inflammation, 
406  ;  by  immediate  union,  405  ;  by 
adhesion,  405  ;  by  modelling  process, 
408,  409  ;  by  suppurative  granulation, 
408  ;  by  secondary  adhesion,  409. 
IReproduction  of  limbs  in  foetus,  404  ;  of 
lower  jaw,  404. 
ipResonance  of  sounds,  726. 
eIIRespibation,  general  nature  of  the  func- 
tion, 313  ;  sources  of  demand  for, 
314,  315;  essential  provisions  for, 
313  ;  apparatus  of,  315,  316  (see 
Lungs)  ;  mechanism  of  acts  of,  320. 
Movements    of,    320-322 ;  muscular 
force  required  for,   323  ;  rate  and 
extent  of,  324,  325  ;  maintenance  of, 
by  nervous  system,  325-331 ;  excitor 
nerves  of,  325,  327  ;  motor  nerves 
of,  329  ;  partial  volitional  control 
over,  329,   330  ;  modifications  of, 
331,  332. 

Effects  of,  on  A ir,  338-353;  amount 
of  air  consumed,  338  ;  changes  in 
its  proportions  of  oxygen  and  car- 
bonic acid,  339  ;  quantity  of  car- 
bonic acid  imparted  to,  339-345 ; 
changes  in  proportion  of  nitrogen, 
349  ;  watery  vapour  imparted  to, 
350;  absorption  from,  351. 
Effects  of,  on  Blood,  220-  227  ;  on  its 
general  composition,  220,  221  ;  on 
its  free  gases,  221-223  ;  on  its  fibrin, 
223  ;  on  its  corpuscles,  224 ;  on  its 
colour,  225. 
Consequences  of  Suspension  of,  353. 
Effects  of  Deficiency  of,   355-357 ; 
predisposition  to  zymotic  disease, 
357-367  ;  predisposition  to  spas- 
modic diseases,  364  ;  excess  of  mor- 
tality attributable  to,  366,  367. 
iKiespi ration  of  hydrogen,  349,  353  ;  of 

nitrogen,  349,  353  ;  of  oxygen,  353. 
llUespiratory  Pulse,  307. 
ll  lestiform  bodies,  551,  552. 
MCete  amplura  of  intestinal  lymphatics, 

154  ;  rete  angustum,  154. 
1 1 -letia  mirabilia  of  lymphatics,  172. 
II<te<tna,  structure  of,  696-699  ;  most  sen- 
I  sitive  point  of,  698,  718  ;  least  sensi- 
tive point  of,  698,  719  ;  persistence  of 
impressions  on,  714  ;   irradiation  of 
impressions  on,  718  ;  spectra  produced 
t|  by  pressure  on,  719 ;  circulation  in, 


rendered  visible,  720  ;  development  of, 
902-904. 

Rhinencephalon,  development  of,  901. 

Rhythmical  movements  of  heart,  261 
(see  Heart)  •  of  vessels,  282,  308  ;  of 
diaphragm,  327,  328  ;  of  striped  mus- 
cles, 757. 

Rigor  Mortis,  763. 

Rotifera,  asplanchnic  character  of  males 

of,  10  note. 
Rudimental  parts,  uses  of,  246. 


SACCHARINE  constituents  of  food, 
72  ;  digestion  of,  135. 

 matter  in  blood,  217, 

221,  436-441. 
Sacculi  of  Colon,  use  of,  111. 
St.  Kilda,  mortality  at,  365. 
St.  Martin,  case  of,  104,  124,  126-131. 
Saliva,  composition  of,  114  ;  different 
kinds  of,  114-119  ;  uses  of,  116  ;  in- 
fluence of  nervous  system  on,  116- 
119  ;  quantity  of,  secreted  daily,  115  ; 
influence  of  kind  of  food  upon  quantity 
of,  115. 
Salivary  Glands,  113. 
Salts,  common,  advantage  of,  in  food, 
54  ;  Neutral,  influence  of,  on  change 
of  colour  of  blood,  225  ;  in  retarding 
coagulation  of  blood,  241. 

 of  Blood,  normal  proportion  of, 

216,  217 ;  variations  of,  in  disease, 
232  ;  uses  of,  387. 

 of  Urine,  452,  453,  464-468. 

Sanguification,   process   of,    171  - 194  ; 
share  of  Liver  in,  171  ;  of  Absorbent 
System,  172-183  ;  of  Ductless  Glands, 
183-194. 
Sanskritic  languages,  947. 
Sarcode,  33. 
Sarkin,  64. 

Satiety,  sense  of,  82,  92  note. 

Scab,  formation  of,  406  ;  artificial,  407. 

Scurvy,  causes  of,  80,  81  note;  state  of 

blood  in,  231  ;  at  Millbank,  96. 
Secondarily- Automatic  actions,  589-592, 

610,  617. 

Secretion,  its  relation  to  Excretion, 
420-422  ;  influence  of  nervous  system 
on,  809,  811  ;  continuance  of,  after 
death,  981;  metastasis  of,  422-425.  ; 
electric  disturbance  in,  501  ;  see  Bile, 
Gastric  Juice,  Milk,  Pancreatic  Fluid, 
Saliva,  Urine,  &c. 

Secunderabad,  mortality  of  troops  at, 
363. 

Segmentation  of  vitellus,  868. 

Self-control,  see  Volition. 

Semicircular  Canals,  functions  of,  732  ; 

effects  of  section  of,  603. 
Seminal  fluid,  characters  of,  821,  952. 
Semitic  Race,  948. 


•  1028 


INDEX  OF  SUBJECTS. 


Sensation,  its  seat  in  the  Sensorium, 
600  ;  general,  663  ;  special,  664  ; 
dependence  of,  on  capillary  circulation, 
664 ;  various  kinds  of,  666 ;  excite- 
ment of,  by  electricity,  667  ;  by  me- 
chanical impressions,  667. 

Sensations,  their  seat  in  Sensory  Ganglia, 
600. 

Sensibility,  general,  relative  degrees  of, 
in  different  pans  of  body,  664. 

 tactile,  relative,  of  different 

parts  of  skin,  670. 

Sensori-motor  Actions,  their  correspon- 
dence with  the  Instinctive  of  lower 
animals,  508-510  ;  their  independence 
of  the  Cerebrum,  608-611  ;  their 
establishment  by  habit,  610. 

Sensorium,  its  special  seat  in  the  Sensory 
Ganglia,  600,  648. 

Se7ixory  Ganglia,  general  structure  and 
relations  of,  513-515,  594  ;  their 
nerves,  595-600 ;  their  relative  pre- 
dominance in  lower  animals,  508  ;  the 
probable  seat  of  Sensation  for  exter- 
nal impressions,  600-619  (see  Sensa- 
tion) ;  also  for  Cerebral  changes,  646- 
649  ;  reflex  functions  of,  607-611  (see 
Sensori-motor  Actions)  ;  their  partici- 
pation in  voluntary  actions,  589,  590. 

Sensory  Nerves,  laws  of  transmission 
through,  521  ;  see  Afferent  Nerve- 
fibres. 

 Tract  of  Medulla  Oblongata, 

559. 

Seriform  Race,  950. 

Serous  layer  of  Germinal  membrane,  871. 

 effusions  of  Inflammation,  414. 

Serum,    199,    234  ;    proportion  of,  to 

crassamentum,  240  ;  transudation  of, 

414. 

Setter  and  Pointer,  peculiar  breeding  of, 
861. 

Seventh  Pair  of  Nerves,  564 ;  deep 
origin  of,  557. 

Sexes,  proportional  number  of,  906  ;  dif- 
ferences in  general  development  of, 
908  ;  in  viability,  908,  909  ;  in  com- 
position of  blood,  218  ;  in  pulse,  276  ; 
in  respiration,  341 ;  in  psychical  cha- 
racter, 911. 

Sexual  sensation,  probable  seat  of,  631. 

Shock,  effect  of,  on  heart,  272 ;  on 
capillary  circulation,  305. 

Sighing,  act  of,  331. 

Single  Vision,  conditions  of,  704,  772, 
773. 

Six-fingered  families,  940. 
Sixth  Pair  of  Nerves,  564  ;  deep  origin 
of,  557. 

Size,  visual  appreciation  of,  710. 
Sheep,  new  breeds  of,  940  note. 
Skeleton,  development  of,  892-900,  906. 
Skin,  colour  of,  its  variation  in  Man, 


931  ;  absorption  by,  169  ;  respiration 
by,  346,  475  ;  transpiration  from, 
473  ;  structure  of,  471. 

Skull,  forms  of,  in  different  races,  934- 
938 ;  prognathous,  934  ;  pyramidal, 
935  ;  oval,  936. 

Sleep,  definition  of,  649;  condition  of  the 
circulation  in  the  brain  during,  649 ; 
necessity  for,  650  ;  periodicity  of,  650; 
predisposing  influences  to,  652;  means 
of  inducing,  652  ;  access  of,  652  ;  in- 
termediate states  between  sleeping  and 
waking,  653  ;  influence  of  expectation 
and  habit  in  inducing,  654 ;  influence 
of  impressions  on  the  mind  of  the 
sleeper,  655,  656  ;  amount  of,  required 
by  man,  656 ;  cases  of  absence  and 
deficiency  of,  657  ;  undue  protraction 
of,  658. 

Smell,  Sense  of,  623-626;  nerves  of, 
684;  their  distribution,  684;  con- 
ditions of,  685 ;  uses  of,  685  ;  im- 
provement of,  685  ;  modification  of, 
by  habit,  686,  687  ;  duration  of  im- 
pressions on,  687  ;  its  participation  in 
Taste,  682  ;  exaltation  of,  in  Som- 
nambulism, 662. 

Snake,  temperature  of,  duriDg  incuba- 
tion, 12  note. 

Sneezing,  act  of,  332,  333. 

Sobbing,  act  of,  332. 

Solar  plexus  of  Sympathetic,  801. 

Solidity,  perception  of,  706-709. 

Somatic  Death,  981-983. 

Somnambulism,  relations  of,  to  sleep  and 
reverie,  660  ;  suspension  of  volitional 
control  in,  661  ;  phenomena  of,  661 ; 
mesmeric,  661-663. 

Sounds,  propagation  of,  726;  means  of 
determining  direction  of,  734 ;  dis- 
tance of,  734  ;  pitch  of,  733 ;  nature 
of  musical,  723. 

Sounds  of  Heart,  267-269. 

Sound  Colours,  724. 

Specific  identity  or  diversity  of  Humao 
Paces,  question  of,  930-945. 

Spectrum  Analysis  of  the  Blood,  206- 
209.  . 

Spermatozoa,  nature  and  evolution  or, 
822-825  ;  essential  importance  of,  m 
fecundation,  825,  841. 

Spheno-palatine  ganglion  of  Sympa- 
thetic, 803. 

Spherical  Aberration,  683. 

Sphincters,  action  of,  112,  587. 

Sphygmograpbs,  construction  of  various, 

284-287.  „ 
Sphygmographic  tracing  of  the  cardiac 
movements,  265  ;   of  arterial  pulse, 

284-287.  .  .  nf 

Spinal-Accessory  Nerve,  deep  origui i  oi 

554 ;  distribution  and  functions  of,  bW. 
Spinal  Cord,  structure  of,  543-544  ;  ex 
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ternal  conformation  of,  543 ;  vesi- 
cular substance  of,  544  ;  fibrous 
strands  of,  546,  547  ;  connection  of, 
with  nerve-roots,  547,  548. 

Functions  of,  572-785  ;  as  an  inde- 
pendent centre,  573,  577,  578  ;  as 
a  conductor  of  sensory  impressions, 
573  ;  as  a  conductor  of  motor  im- 
pulses, 576;  its  proper  reflex  ac- 
tions, 577-585  ;  their  relation  to 
the  Organic  functions,  586  ;  their 
protective  character,  588  ;  their 
subservience  to  locomotion,  590 ; 
its  influence  on  Muscular  tension, 
592,  593  ;  development  of,  900. 
Spinal  Nerves,  561  ;  double  function  of 

their  roots,  561  ;  their  connection  with 

the  Spinal  Cord,  546,  575. 
Spitalfields  "Workhouse,  fever,  &c.  at, 

363. 

■Spleen,  structure  of,  183-186  ;  chemical 
composition  of,  186  ;  lymphatics  of, 
186  ;  development  of,  186  ;  functions 
of,  186,  192  ;  blood  of,  227. 

Splenic  Blood,  227. 

■■Stammering,  nature  of,  798  ;  treatment 

of,  800. 
Stapedius,  functions  of,  729. 
■Starch,  a  constituent  of  food,  68,  72, 

78  ;  its  transformation  by  saliva,  116; 

by  intestinal  fluid,  146 ;  importance 

of,  in  protecting  other  tissues  from 

the  action  of  oxygen,  381  ;  production 

of  fat  from,  386. 
•  tarvation,  effects  of,  93-96  ;  death  by, 

95,  983  ;  Chossat's  experiments  on, 

94,  486. 
:  tereoscope,  707,  709. 
[ttercorine,  71. 

timuli,  action  of  various,  on  nervous 
I  system,  528,  531. 

If  'omach,  movements  of,  104-106;  action 
I  of,  in  vomiting,  107  ;  influence  of  pneu- 
I  mogastric  on,  106,  131  ;  influence  ex- 
it cited  by  sympathetic  upon,  132  ;  lym- 
;  phatics  of,  123;  secreting  follicles  of, 
I  120,  123;  villi  of,  123;  secretion  of 
■  .gastric  juice  by,  123,  128  ;  digestion 
I  in,  129,  133  ;  temperature  of,  during 
Indigestion,  131  ;  effects  of  blows  on, 
1-272. 

Irabismus,  pathology  of,  773,  774. 
ilrength,  feats  of,  774. 
Irings,  vibrating,  laws  of,  786. 
llroma  of  blood  corpuscles,  204. 
wrychnia,  action  of,  on  heart,  273  note. 
I  blingual  Gland,  113  ;   secretion  of, 
■115. 

Bbmaxillary  Ganglion  of  Sympathetic, 
E1S03. 

1  miaxillary  Gland,  113  ;  secretion  of, 
El.  15. 

A  :cinio  Acid,  70. 


Succus  Entericus,  145  ;  its  use  in  diges- 
tion, 145. 

Sudoriparous  Excretion,  composition  of, 
472  ;  quantity  of,  472-474  ;  vicarious 
with  urinary,  422,  475  ;  consequences 
of  suppression  of,  476 ;  frigorifyin<* 
effect  of,  474,  497,  498. 

Sudoriparous  Glandulae,  471. 

Sugar,  a  constituent  of  the  body,  68  ; 
formation  of,  in  liver,  436-442  ;  pas- 
sage of,  into  urine,  after  lesions  of  ner- 
vous system,  440. 

  Grape,  68. 

  Milk,  68. 

  Muscle,  69. 

Sulphates,  Alkaline,  in  urine,  453-465. 
Sulphocyanide    of    Potassium,    in  the 

Saliva,  114. 
Sulphuretted  Hydrogen  Gas,  action  of 

on  Heart,  273  note. 
Sulphur  of  Bile,  its  elimination  by  faeces, 

151. 

Superfcetation,  859. 
Supernumerary  Parts,  399,  400. 
Suppuration  of  wounds,  408,  409. 
Supra-renal  bodies,   structure  of,  187, 

188  ;   development  of,  188  ;  function 

of,  193  ;  effects  of  ablation  of,  188  ; 

effects  of  disease  of,  188. 
Surgical  Fever,  predisposing  causes  of, 

252,  253. 
Symmetrical  diseases,  245,  246. 
Sympathetic  System,  see  Nubvous  System. 
Syncope,  death  by,  981,  982. 
Syntonin,  57. 
Syro-Arabian  Race,  948. 
Swallowing,  act  of,  100-104. 


I1ACTILE  corpuscles,  668-  670. 
Tamulian  Language,  951. 
Tanghinia  venenil'era,  action  of  poison 

of;  on  Heart,  273. 
Tannic  acid,  action  of  solutions  of,  on 

blood-corpuscles,  209. 
Taste,  ganglion  of,  595  ;  nerves  of,  562, 
566  ;  Sense  of,  677-683  ;  peculiar  ob- 
jects of,  677 ;   special  conditions  of, 
678  ;  seat  of,  679  ;  papillae  of,  679  ; 
varying  acuteness  of,  681 ;  participa- 
tion of  smell  in,  682  ;  uses  of,  682  ; 
improvement  of,  by  habit,  683  ;  cases 
of  loss  of,  682  note. 
Taunton,  Cholera  at,  360. 
Taurine,  65. 
Taurocholic  acid,  431. 
Tea,  composition  of,  91 ;  influence  of,  on 

urine,  469. 
Teeth,    structure    of,   49  ;  deciduous, 
exuviation  of,  391  ;  development  of, 
966  ;    permanent    development  of, 
970. 

Temperature,  external,  influence  of,  on 
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temperature  of  body,  474,  475  ;  ex- 
tremes of,  endured  by  Man,  483-485. 

Temperature,  Sense  of,  673-675. 

 of  the  blood  in  different 

parts  of  the  body,  198. 

Tension  of  Muscles,  influence  of  Spinal 
Cord  on,  592. 

Tensor  tympani,  functions  of,  728-729. 

Testes,  structure  of,  820  ;  development 
of,  888. 

Thalami  Optici,  594  ;  their  relation  to 
Cerebrum,  595,  635  ;  their  functions, 
594. 

Theine,  action  of,  on  heart,  273  note; 
effect  of,  on  urine,  469. 

Third  Pair  of  Nerves,  558. 

Thirst,  immediate  source  of  sense  of,  93  ; 
death  by,  95. 

Thymus  Gland,  structure  and  develop- 
ment of,  188-191;  function  of,  192- 
194. 

Thyroid  Gland,  chemical  constituents  of, 
191 ;  structure  of,  191 ;  function  of, 
192-194,  782  note. 

Tobacco,  influence  of,  on  body,  90. 

Tongue,  papillae  of,  679,  680 ;  sensory 
nerves  of,  680 ;  motor  nerves  of,  570  ; 
see  2'<w<e. 

Tongues,  vibrating,  laws  of,  787-788. 

Tonicity  of  Arteries,  281  ;  of  veins,  300. 

Touch,  ganglia  of,  594,  595  ;  nerves  of, 
600  ;  Sense  of,  667-671  ;  papillae  of, 
667-669  ;  varying  acuteness  of,  670 ; 
theory  of  sense  of,  671  ;  duration  of 
impression  of,  672 ;  knowledge  ac- 
quired by,  672  ;  improvement  of,  by 
practice  and  attention,  676  ;  combina- 
tion of,  with  visual  sense,  702. 

Toxic  Diseases,  general  pathology  and 
therapeutics  of,  249-258. 

Trainers,  diet  of,  86  note. 

Trance,  causes  of,  985. 

Tricuspid  valve,  imperfect  closure  of, 
266. 

Trigeminus,  561  (see  Fifth  Pair). 
Trismus  Nascentium,  mortality  from,  365. 
Tuber  Annulare,  effects  of  section  of, 

605  ;  effects  of  electric  current  on,  606. 
Tubercle,  nature  of,  417,  418. 
Tubercula  Quadrigemina,  594,  602. 
Tubercular  Diathesis,  418  ;  inoculability 

of,  418  note ;  manifestation  of,  at  dif- 
ferent ages,  975. 
Tubes,  effects  of  various  conditions  on 

flow  of  liquids  through,  287,  288  note. 
Tumours,  their  relation  to  hypertrophies, 

399  ;  malignant,  400,  419. 
Turkish  Race,  949,  950. 
Tympanic  apparatus,  structure  and  uses 

of,  728-731. 
Typhoid  fever,  alteration  of  blood  in, 

229. 

Tyrosin,  60,  432. 


UMBILICAL    cord,    structure  of, 
879,  880. 

 Vesicle,  874,  878. 

 "Vessels,  874,  875,  879. 

Upas  Antiar  poison,  action  of,  on  motor 

nerves,  758. 
Urachus,  880,  890. 
Uraemia,  pathology  of,  448. 
Urea,  63 ;  its  ordinary  proportion  in 
urine,  453  ;  influence  of  inanition  on 
excretion  of,  455  ;  sources  of,  462 ; 
various  circumstances  affecting  quan- 
tity  of,   453-459  ;  its   presence  in 
blood,  196, 228  ;  in  sweat,  472  ;  con- 
sequences of  its  non-elimination,  448, 

449  ;  effect  of  alcohol  upon  excretion 
of,  89  note. 

Uric  Acid,  61  ;  its  ordinary  proportion 
in  urine,  459  ;  its  sources,  463  ;  varia- 
tions in  its  amount,  459,  460  ;  sedi- 
ments produced  by,  460. 

Urination,  act  of,  111,  587. 

Urine,  secretion  of  448  ;  excrementitious 
character  of,  448 ;  physical  proper- 
ties of,  449;  quantity  of,  449;  cir- 
cumstances  affecting  quantity,  449, 

450  ;  specific  gravity  of,  451 ;  compo- 
sition of,  453 ;  influence  of  inanition 
on,  378;  colouring  matter  of,  462; 
gases  contained  in,  466  ;  differences  of, 
with  age,  454  ;  influence  of  diet  on, 
455  ;  influence  of  diuretic  medicines 
on,  470  ;  Organic  components  of,  453 
(see  Urea,  Uric  Acid,  &c.) ;  acidity 
of,  449,  466,  467  ;  alkalinity  of,  467, 
468  ;  Inorganic  components  of,  452, 
453,  464 ;  sugar  in,  441,  469 ;  lactic 
acid  in,  469 ;  vicarious  secretion  of, 
422,  423. 

Uro-genital  sinus,  889. 

Uterine  Glandulte,  843,  844. 

Uterus,  inherent  motility  of,  853 ;  in- 
crease of,  during  pregnancy,  851; 
action  of,  in  parturition,  853,  854; 
subsequent  degeneration  of,  394,  854 , 
embryonic  development  of,  889,  891 ; 
rudimentary,  of  male,  889. 

VACCINE  virus,  nature  of,"  250. 
Valves  of  Heart,  265,  266 ;  diffe- 
rence of  mitral  and  tricuspid,  2b0 , 
sounds  produced  by  tension  of,  267. 
Vao  poison,  action  of,  on  heart,  2/3. 
Vapour,  aqueous,   absorption  of, 

168,  351;  exhalation  of,  350. 
Variation,  tendency  to,  939. 
Varieties  of  Man,  their  essential  contor- 
mity  in  structure,  930-941 ;  in  physio- 
logical characters,  941-943  ;  in  W 
chical  endowments,  943,  944  ;  in  ton 
guages,  944 ;  see  Races. 
Vasa  lutea,  876  note. 
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Vascular  Area,  872,  874. 

'  Vaso  motor  nerves,  281. 

'  Vegetables,  fresh,  an  essential  article  of 
diet,  80. 

''Vegetarianism,  76,  77. 
Veins,  structure  of,  305  ;  movement  of 
blood  in,  306 ;  causes  of  motion  of 
blood  in,  306,  307 ;  congestion  in, 
308  ;  development  of  first  set,  874  ;  of 
second  set,  881. 

^Venous  Blood,  differential  characters  of, 
220-226  ;  causes  of  variation  of  colour 
in,  225  ;  influence  of,  on  intestines, 
110;  on  heart,  262  note;  on  respira- 
tion, 327. 

Wentilation,  358. 

IWentricle  of  Heart,  effect  of  pregnancy 
on  left,  266. 

JWertebra,  typical,  895. 

■Wertebrse,  cranial,  896. 

|\ Vertebral  Column  of  Man,  comparison 
of,  with  that  of  Apes,  25  ;  first  indi- 
cations of,  892 ;  subsequent  develop- 
ment of,  893. 

>|\Vesicula  Prostatica,   its  real  import, 

ilVesiculae  Seminales,  function  of,  827. 

I  / esicular  nerve-substance,  503-505. 
ilTT'estibule  of  Ear,  732. 
(it' liability,  early,  of  foetus,  856  ;  relative, 
of  two  Sexes,  908. 
■Villi,  intestinal,  structure  of,  154-158; 

of  stomach,  123. 
b  'ision,  ganglia  of,  594;  nerves  of,  596, 704; 
Sense  of, 68  7-721 ;  optical  conditions  of, 
687,  688  ;  defects  in,  694  ;  accommo- 
dation of,  for  varying  distances  of  ob- 
jects, 690  ;  nervous  apparatus  of,  696- 
699  ;  limits  of,  699  ;  use  of,  in  com- 
j  bination  with  touch,  702;  erect,  cause 
I  of,  703  ;  single,  conditions  of,  704, 
772,  773  ;  appreciation  of  solid  forms 
j  by,  706-709  ;  of  distances,  709,  711  ; 
l|  of  size,  710-713  ;  conversions  of  re- 
I  liefs,  713  ;  persistence  of  impressions, 
3  714;   complementary   colours,  715- 
I  71 6  ;  want  of  power  to  distinguish 
i|i  colours,  717;  irradiation  of  impres- 
||>sions,  717.  718;  vanishing  of  images, 
j|i718  ;  subjective  phenomena  of,  719; 
?|l  perception  of  laterally  situated  objects 
'I1  by,  718;  representation  of  vessels  of 
llrretina  itself,  720  ;  improvement  of,  by 
3  1. attention,   721  ;   importance  of,  in 
{ilgguiding  movement,  613  ;  appreciation 
I'loof  varying  amounts  of  illumination 
.{by,  721. 

irtal  Economy,  balance  of,  374-396; 
^Inordinary  diet,  376  ;  in  inanition,  377  ; 
■  ■with  pure  meat  diet,  380  ;  with  meat 
blind  fat,  381 ;  with  sugar  and  meat, 
IB381  ;  differences  between  Carnivora 
llmd  Herbivora,  in  respect  to,  382 ; 
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changes  undergone  by  albumen  in 
maintaining,  73,  384,  385  ;  changes 
undergone  by  fat  in  maintaining,  72, 
385,  386 ;  changes  undergone  by  sugar 
and  starch  in  maintaining,  72,  387  ;  ap- 
plication of  inorganic  constituents  of 
the  food  to  maintenance  of,  374,  396  ; 
substitution  of  new  tissue  for  old  in, 
391-394  ;  necessity  of  due  supply  of 
nervous  power  for  maintenance  of,  395- 
396. 

Vitelline  Duct,  874,  875. 
  Vessels,  875. 

Vitellus,  828  ;  its  segmentation,  868. 

Voice,  ordinary,  mode  of  production, 
785-791  ;  falsetto,  791,  792. 

Volition,  fixation  of  attention  by,  in 
states  of  Dreaming  and  Somnam- 
bulism, 658-661. 

Volitional  Actions,  their  source  in  the 
Cerebrum,  647. 

Voluntary  Movements,  their  dependence 
on  guiding  sensations,  611-614  ;  per- 
formed by  instrumentality  of  Sensori- 
Motor  apparatus,  614,  765  ;  not  in 
themselves  distinguishable  from  in- 
voluntary movements,  764  ;  but  result 
from  an  impulse  originating  in  Cere- 
brum, 647. 

Vomiting,  act  of,  106-108. 

Vowel  sounds,  794 ;  discrimination  of, 
794. 


WATER,  the  natural  drink  of  Man, 
87  ;    effects   of  drinking  large 
quantities  of,  88  ;  effects  of  impurity 
of,  88  ;  effects  of  deprivation  of,  95  ; 
normal     proportion    of,    in  Blood, 
216;  alterations  in,  220,  226,  227; 
transudation  of,  by  Kidney,  446,  449. 
Water-dressing  of  wounds,  407. 
Weight,  appreciation  of,  672. 
White    Corpuscles,  209  ;  see  Blood, 

Colourless  Corpuscles. 
Wolffian  bodies,  887. 
Woorara  poison,  influence  of,  on  secre- 
tion of  Saliva,  120;  action  of, on  Vagus, 
273  note  ;  effect  of,  on  motor  nerves, 
758. 


JANTHIN,  64. 


T AWNING,  act  of,  332  ;  consensual 
suggestion  of,  332. 
Yellow  Spot  of  Retina,  698,  718. 
Yellow-Fever,  elevation  of  temperature 
after  death  from,  483  ;  continuance  of 
capillary  circulation  in,  300  ;  immu- 
nity of  Negroes  from,  942  note. 
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Yolk  of  Egg,  of  fowl,  structure  of,  829  ; 

of  fish,  rotation  of,  870. 
Youth,  characteristics  of,  972-974 


ZO-AMYLINE,  438. 
Zona  pellucida,  828. 


Zymotic  poisons,  251  ;  predisposition  to 
their  activity  from  state  of  blood  252- 
257  ;  from  putrescent  food,  87  ;  from 
putrescent  water,  88  ;  from  alcoholic 
liquors,  90 ;  from  starvation,  96  ; 
from  deficiency  of  respiration,  360- 
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THE  SCIENCE  AND  PRACTICE  OF  SURGERY :  a  complete 

System  and  Textbook.    With  470  Engravings.    8vo,  £1.  4s. 
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CLIMATE,  WEATHER,  AND  DISEASE;  being  a  sketch  of  the  | 

Opinions  of  the  most  celebrated  Ancient  and  Modern  Writers  with  regard  to  the  Influence  $ 
of  Climate  and  Weather  in  producing  Disease.  With  Four  coloured  Engravings.  8vo.,  7s. 

II 


W.    HAYCOCK,  M.R.C.V.S. 

HORSES;  HOW  THEY  OUGHT  TO  BE  SHOD:  being  a  plain 

and  practical  Treatise  on  the  Principles  and  Practice  of  the  Farrier's  Art.  With 
14  Plates.    7s.  6d. 


V\W«VVWVWVVVV'A\VV\ 


F.   W.    HEADLAND,    M.D.,  F.R.C.P. 
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TO  THE  HIGHER  SENTIMENTS;  with  Observations  on  Medical  Studies,  and  on 
the  Moral  and  Scientific  Relations  of  Medical  Life.    Post  8vo.,  4s. 


RICHARD    HODGES,  M.D. 
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SURGICAL  ANATOMY.    A  Series  of  Dissections,  illustrating  the  Prin- 
cipal Regions  of  the  Human  Body.    Second  Edition,  folio,  cloth,  £3.  12s.;  half-morocco, 
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